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GROUP 1-SUCCESS • T HE SFXRET S OF A S UCCES SFUL L IF E-CHAPTER 1 3 

Ideas that halt. 4^1;^ Face of the World, 

Shrewd Observatit^|yg^Iflb Basis of Inspiration. 


THE MAN 

T he world is ruled today, as it ever has 
been ruled, by the men of ideas. 
Behind the thrones of the Great Powers 
they stand, directing the hand which 
nominally wields the sceptre. In the 
Great Republics the men with ideas are 
they whom the nations choose. In all 
lands where government is pure and for the 
greatest good of the greatest number, the 
high offices of State are held by the men 
gifted with brains. 

Lineage and academic distinction shrink 
to insignificance in the hres of modern 
competition. The possession of ideas has 
become a man’s richest asset, provided 
always that he has the practical turn of 
mind rightly to apply them. 

No man can command the birth of an 
idea. They come and they go, these will- 
o’-the-wisps, and no man knows whence 
nor whitlior. Their advent may be wholly 
without the volition of the brain in which 
• they are born ; it is for the brain to see to 
: their retention and use. Men’s minds vary 
' in degree of receptivity and rotentivcncss, 
as one photographic plate differs from 
another. For one plate the merest glimpse 
of light suffices it to record an object witliin 
its focus, no matter how swiftly that 
object moves ; the other needs long ex- 
posure and steady light before an impres- 
ision can he received. Both plates are 
essential to the photographer’s art — the 
one for rapid movement, the other for still- 
life, dim interiors, and detail. 

So it is with men. To some, ideas come, 
complete in every*' particular, like an in- 
|spiration~a melody which shall sound 
itnrdugiiont the world, a revolution in 
mechanics, in locomotion, in abstract 
:Science. Another man, the movement 

whose mind no stimulus can accelerate, 
assimilates an idea by laborious mental 
procass, but brings it in the end perfect 
to its work. So we find the broad line 
dividing the genius from tjie plodding, un- 
wearying thinker, the poet from the 
cautious philosopher, the Browning from 
the Gray, the Macaulay from the Herbert 
Spencer, the Edison from the Singer, the 
man of a myriad schemes from the man 
of one grand idea, olowly and with vast 


OF IDEAS 

effort won from nebulous gleams to 
coherent reality. 

l.ifc runs so smoothly now, that origin- 
ality, the superficial think, cannot possibly 
deflect its course to ways still smoother. 
So the superficial thought in all ages, 
deriding and persecuting the pioneers of 
change. But history teaches that the 
revolutionary and the visionary of today, 
in science, in commerce, in politics, are 
apt to be found least advanced among the 
men of to morrow. The discoway of the 
possibilities in steam accomplished a 
greater advance for civilisation than any- 
thing previously done for the improve- 
ment of locomotion from the beginning of 
time. Sir Robert Peel travelled from Rome 
to London to form a Government exactly 
as Constantine had travelled from York 
to Rome to become Emperor. Each travel 
ler had all that sails and horses could 
do for him, and no more. A few years 
afterwards the humblest steerage passenger 
had at his disposal the means of reaching 
Rome from London within a few hours. 
It was the result of an idea. 

The basis of the idea Wius not new. -Two 
thousand years before, Hero, the mathe- 
matician of Alexandria, had designed the 
first steam-engine. It was an idea which 
enabled Napoleon to tlfrow an army - 
horse, foot, and artillery- across the Alps, 
and, sweeping like a hurricane down upon 
Italy, to lay her conquered at his feet. Here 
was another idea which had lain dormant 
since two hundred years before the dawn 
of the Christian era, when Hannibal, with 
horses, elephants, and yo,ooo men, crossed, 
first the Pyrenees, and then the Alps. A 
new idea in naval attack gave Nelson the 
victory of the Nile, and enabled him to 
form ihose plans which swept the French 
and Spanish fleets from the sea. 

There is no phase of life in which the 
fertile mind does not lift its master abo\x^ 
his fellows. Year after year surgeons 
practising in all the cities of Europe con- 
trived, by operations, more or less to 
relieve affections of the ear. One day an 
accident occurred ; a Viennese surgeon 
made too deep an incision and cut the 
bone. By a happy mischance a new and 
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important operation was discovered. He 
seized the idea. Yeaxs of experience 
had failed to impress him with the obvious 
advantage thus forced upon his notice by 
an accident seemingly unfortunate. 

Ideas arc begotten, very often, of 
suggestion. There arc suggestions every- 
where for the eye which sees. Nature is 
still the great teacher if we can but read 
her lessons. What relation can there be 
between a tree and a lighthouse ; between 
a leaf and a revolution in architecture ? 
Monumental record exists today of a very 
close connection. The ICddystone Light- 
house, which has braved the fury of the 
waves for more than a hundred years, is 
modelled on the trunk of a tree. Win- 
stanley’s lighthouse had been destroyed 
by a storm, and Rudeyerd’s by fire, when 
John Smeaton undertook to erect a suc- 
cessor. So narrow was the ledge of rock 
upon which to build that he determined the 
only course was to root his building after 
the manner of a tree. Just as the trunk is 
held in place by its roots deep down in the 
ground, so the foundations of the new 
Eddystone were sunk in the excavated 
rock, and fastened there by an ingenious 
dove-tailing. The Eddystone. still stands, 
strong, immovable as ever, t.he model 
upon which all subsequent lighthouses 
in similar situations have been built. 

The Crystal Palace, the latest national 
playground to be acquired for the natign, 
we owe, not to an architect, but to a gar- 
dener with ideas — Joseph Paxton. No 
man in England was able to furnish plans 
to meet the requirements of the building 
for the Great Exhibition, the purpose for 
which the Crystal Palace was constructed. 
Defects spoilt the most promising. Paxton 
overcame the difficulties. He had found his 
idea in his garden. An examination of the 
Victoria Regia had shown him the wonder- 
ful power of flotation possessed by the 
leaves of this plant, and the principle 
upon which this was contrived. What a 
plant could do, a man could imitate. 
The old and unsightly heavy tics and 
girders which architects had always been 
accustomed to employ were unnecessary. 
He ‘showed by homely illustration the 
effect of his plan. A splinter of wood may 
be easily snapped il its ends be pushed 
towards each other, bat a great force is 
required to pull the onds tisunder So 
iron and glass came to take the place of 
wood and stone, and a new system of 
building was introduced — by a gardener. 
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From such insignificant sources do great 
creations spring. In the dust of the earth,^ 
in the industry of a worm, in the colours 
a soap-bubble, the great mind finds tlflp 
which aids him some way further to 
the writings of eternal laws. This is no 
mere flight of fancy. In the very dust is 
an exquisite story of the marvellous 
provisions of Nature to give shadow and 
tint ; in the soap-bubble Newton found 
that which gave it a legitimate place 
among the most curious of optical 
phenomena. And the worm ? It taught 
us sub-aqueous tunnelling. 

From the beginning of history the 
teredo or pholas, the soft white worm which 
lives in our harbours and the mouths of 
rivers, had pursued its destructive course, 
boring its way through the hulls of ships, 
eating the defences of harbours. Then 
there came Brunei, who, watching its 
operations, saw how he might construct his 
tunnel beneath the Thames. The worm, he 
learnt by close watching, encased itself in a 
calcareous tube of masonry as it bored its 
way into the timber. Here was the 
fountain of his engineer’s idea. He set men 
to bore with rods into the mud from a 
shield, which was moved forward as they 
made their way, and a brick arch con- 
structed in the rear, in exact imitation of 
the calcareous tube of the worm. 

So the seeing man finds his inspiration. 
Lessons such as these are everywhere 
to be gleaned by the observant. Take 
another instance, not less romantic. The 
engineers who built the mighty break- 
worker at Cherbourg noted with what 
strength common mussels cement them- 
selves together, adhering to rocks And 
stones or any solid substance which 
happens to lie about them. Taking 
advantage of this knowledge, they .<aved 
themselves the trouble of extending their 
submarine masonry indefinitely. They 
deposited in the sea at the proper places 
huge quantities of loose stones. Upon these 
they tipped tons of live mussels, knowing 
well that the shell-fish speedily would spin 
their string-like webs and so bind together 
the stones with a cement more durable 
than any man could make. 

Paxton was not the only man of his 
generation who knew the mechanism of the 
Victoria Regia ; Brunei was^ not the first 
to observe the proce.ss by which a soft, 
gelatinous worm made its way through 
oak timbers — their knowledge on these 
subjects was commonplace to the botanist 
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and the naturalist. It was the application 
of the idea which was startling. Ideas 
occur to man after man in successive 
generations and are wasted, until there 
is fashioned the mind which is productive 
as well as assimilative. 

How can ideas be applied ? That 
depends largely upon the circumstances 
of the individual and the nature of his 
scheme. There never was a better time 
than now, when greater scope was afforded 
for the carrying out of new projects. 

“ The men for whom we look now with a 
view to possible partnerships are no 
longer those with capital,” a prominent 
member of the House of Commons said to 
‘ the writer. “ We must have men with 
ideas capable of adequate expression in 
practical production.” One man, a work- 
ing plumber in a Kentish village, devotes 
his leisure at nights, and the scanty 
holidays granted him, to materialising 
ideas which occur to him in odd moments 
during his work. A year of nights 
he sacrificed to the fashioning of an 
appliance for soldering — a tiny mechanism 
which he carries in his waistcoat pocket — 
lamp and blowpipe combined, which 
enables him to dispense with the cumber- 
some brazier and melting-pot. Such a 
man, with increased opportunities, might 
prove a second Nasmyth, and give us a 
contrivance as important as the hammer^ 
with which the name of that genius is' 
associated. The villager's inventions are 
his voluntary creations : Nasmyth invented 
his titanic hammer in response to the 
appeal of a man who could not otherwise 
get a forge hammer capable of producing 
the shaft which he needed. 

As a rule, however, inspiration is an 
unv illing and unstable guest ; it must be 
• seized at once, before it may be too late. 
Coleiridge dreamed his “ Kubla Khan,” 

, and , wrote in his waking moments the 
Drecious stanzas which he remembered, 
lohn Bright composed all his speeches in 
bed. Most of us, however, must look to 
periods of great mental alertness for tlie 
coming and thinking-out of ideas. And 
when they dawn upon our horizon they 
should promptly be noted down. 

There may be ^^alue in the flimsiest 
notion. A man thinks of a metal tip for 
boots, and makes a fortune from it ; 
another applies a piece of rubber to the 
end of a pencil. A third compounds a 
decoction which, smeared upon windows, 
prevents their “ steaming ” in cold 


weather. Another, of scientific bent, 
notes that a mineral refuse, thrown away 
jis valueless, emits a strong odour when in 
contact with water, and the result is 
acetylene gas and all that that may yet 
mean as an illuminant. A trickling stream 
of mineral oil in a Derbyshire mining village 
was found by the first l.ord Playfair to con- 
tain paraiTin, and from his recognition of its 
worth sprang up tlie gigantic industry 
which in America has made fortunes 
hitherto undreamed of. 

Every invention opens out fresh I'lelds 
for other inventions, and the examples 
we have seen may stimulate thought in 
directions in which advance may still be 
made. Man sails the air and sails the 
seas, and hastens with the speed of the 
bird upon dry land. But in each phase 
of travel he is anxious still to do better. 
The electric train supersedes the steam- 
engine. The turbine steamer ousts the 
older form, just as the screw propeller 
gained the day against the paddle-wheel. 
Electricity and the motor claim the 
sphere of the horse for travel by road. 

These are among the ideas newly 
utilised. The men in whose brains they 
took shape perform more notable service 
for mankind than the greatest general wlio 
ever slew a rival's forces. The compositor 
who sets up the type for the Bible, and the 
machinist who prints the pages, arc greater 
forces for good than the wisest of the 
ancients. Those wise men of old, in the 
dim light which preceded the glow of 
learning whose glorious dawn our own 
day was to witness, had their splendid and 
noble ideas, ideas which live in archi- 
tecture at which the world still marvels 
and cannot emulate. With their manual 
labour, and their implements of which the 
world has lost count, they fashioned their 
wonderful Sphinx, that, in spite of all 
that has since been achieved, remains the 
greatest stone monument in the world. 
Their enamels have outlived the shells 
of which they were but the veneer. 

But the modern idea brings mightier 
things to pass than ever those wise men 
of the East could dream. We bridge rivers 
and straits and gorges which would have 
been impassable to them. We link ocean 
with ocean, and send our ships where they 
had not a waterway. We navigate seas 
which were to them unknown ; we race 
at sixty miles an hour over lands whose 
existence was to them unimaginable, and 
we fly in the skies where they could 
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conceive of no life higher than the birds. 
The ideas of men have made a new world. 

The significance of an idea can never 
be realised at the moment of its birth. 
The alchemists were the first to discover 
the readiness with which sulphur can be 
ignited, but they left their discovery at 
that. Meanwhile men, civilised and 
savage, sought their fire as men liad sought 
it from prehistoric days. The savage 
rubbed wo(xl ; the civilised man plied Hint 
and tinder as they had been plied from 
the dawn of the iron age. 

Then came a simple vStockton chemist, 
to whom occuiTed the idea of making 
the first lucifer match from pieces of wood 
dipped in chlorate of potash and sulphur. 
At one bound the ages were left behind, 
and a distinct boundary between civilisa- 
ti(m and savagery was established. 

Jwen more notable was the advance 
made when the light of coal-gas first 
beamed forth upon the waters of the 
Thames from the pioneer lamps upon 
Westminster Bridge. The oil-lamp of the 
savage was rough and crude and filthy ; 
that of the philosopher and warrior of 
cultured Greece and Rome beautiful and 
ornate, but both were the same in 
principle. British history in Parliament 
was all made by candle-light, or by the 
feeble flame of the bowl of fat and wick 
of fibre. Then a man’s idea literally 
illumined the dark places of the cities of 
the world, and the electric light, wonderful 
as it is, was the less wonderful when it 
came, because of the manifold merits of 
its predecessor and rival. 

These tire facts which enable us, by 
contrasting the present with the past, to 
appreciate the power of ideas. The ships 
with which Nelson crushed the naval 
might of Napoleon were but develc^nnenls 
of the war galleons of the primeval 
Norseman, and depended upon the princi- 
ples on which the savage relies as he cuts 
his way through the waters of the silent 
rivers of South America or Africa. A single 
first-class ironclad of today would sink 
the combined fleets of Nelson and Napo- 
leon*.' And men’s brains are daily exercised 
to bring about new devices which shall 
render the present llects of the world as 
usele.ss as the old warships of oak. 

When a tlnnkei gives an idea to the 
world, he increases the intellectual capital 
of the race. He cannot say in what 
proportion profit will be reaped ; he cannot 
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always predict in what direction results 
will tend ; he cannot, from his close-range 
view, see very clearly whether his dis- 
covery be a pearl of price or merely a day- 
dream, unworthy of permanent record 
He must put it to the test. 

Alfred Russel Wallace, dreaming his 
feverish dreams in the Moluccas, was too 
modest a man to let himself believe that 
he had solved a gigantic problem when one 
afternoon there llashed in an instant upon 
his mind the idea of Evolution, the 
survival of the fittest, and the variation 
of species. That evening he drafted his 
theory ; on the two subsequent nights he 
elaborated it. Then he posted off his notes 
to Darwin. Neither had guessed that the 
other was working on the subject ; neither 
ff)r a moment suspected that he was 
about to create a revolution in thought 
which was to rouse the wliole civilised 
world to the highest pitch of excitement 
But Darwin, as we all know, was already 
engaged upon the work of his life, fearing, 
meanwhile, as he replied to Wallace at 
the time, that “ my work will not fix or 
settle anything.*^ He did fix and settle a 
great deal, as it was his privilege in after 
years to feel assured. But there are 
countless secrets yet to be rapped out of 
the stony bosom of Mother Earth. Darwin 
and Wallace, and their school, gave us 
the hammer wherewith to do the tapping. 

As well by example as by precept, 
leaders of thought and action teach us 
how imperative it is alertly to act upon 
inspiration. Louis Pasteur, whose mighty 
brain was a magazine of ideas, impressed 
upon his students that, “ in the field of 
observation, chance favours only those 
who are prepared.’' His own record is a 
signal exemplification of the power of an 
idea. What to the ordinary, unimaginative 
analytical chemist would be the signifi- 
cance of two vats of beer containing, the 
one sour beer, the other good ? To 
Pasteur it meant the opportunity to 
revolutionise chemical and biological 
science. It meant to the world that a 
great and devastating pestilence was to be 
.struck dead. The microscope revealed 
the fact that the globules of the sound 
beer were nearly spherical, while those of 
the sour beer were practically globular. 
Experiments showed that wine and beer 
and milk are turned sour by the growth of 
atmospheric organisms, and that when 
these are excluded the liquids remain 
sound. If wine and beer and milk can be 
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kept sweet when protected fnm putre- 
factive germs, why not otlicr forms ? 
Lord Lister seized upon Pasteur’s dis- 
covery, and the antiseptic treatment for 
wounds was born. 

Until then, anaesthetics, that God- 
send to suffering humanity, had proved 
rather a curse than a blessing. In the days 
when operations had to be ]K)rne by 
conscious patients, the man with the 
readiest knife and strongest nerve was 
the most successful craftsman. A serious 
operation must be raced through, or not 
attempted. With greater leisure afforded 
for more extensive and delicate operations, 
the scope of the surgeons was enormously 
enlarged. But pestilence stalked in the 
wake of the new discovery. * Gangrene 
became epidemic in the hospital wards of 
the world ; in places it was attended by a 
mortality rate of over sixty per cent, after 
operatVns. With Pasteur’s discovery 
developed by the master hand of Lister, 
surgery was revolutionised and no opera- 
tion was impossible. 

No person imagines that the birth of 
even so epoch-marking an idea as this con- 
stitutes a royal road to perfection of 
knowledge. The investigations of Pasteur 
and Lister read like a fairy-tale. Lister’s, 
in particular, thrill with human interest 
as we see the great mind of the thinker 
groping from the dark into the light ; see 
him win his first triumph over putre- 
faction of the wounds by the use of 
carbolic which caked upon the incision, 
and by the use of a spray which time 
proves unnecessary ; then see him finally 
attain perfect mastery of the subject. 
With the antiseptic treatment added to 
anfesthetics no wound need now be de- 
lared Jiopeless, no organ of the system too 
'remote or delicate for effective treatment. 

Into the gravest research and study 
humour will creep. We laugh at the 
bizarre and fantastic ornaments of savages, 
yel a fashion of the early part of the 
Victorian era was found by the scientific 
mind of Dr. Buckland to depend upon a 
misconception more ludicrous than any 
embraced by travellers’ tale or creation of 
the humorist. Beautiful women, society 
leaders, were wearing as charms, as ear- 
ring, bracelets, and what not, highly 
polished substances which were under- 
stood to be rar^ British minerals. Certain 
markings and other evidences gave the 
brilliant Dean of Westminster a clue, and 
led him to an analysis of the curious 


adornments. The result was as he had 
suspected. The charms and earrings, and 
so forth, set in gold and decorated witli 
gems, were simply the fossilised excreta 
of extinct monsters by which our island 
was once inhabited. The discovery would 
have been startling and interesting to 
the arclueologist, but nothing more, had it 
remained there. 

To the ordinary mind there does not 
appear any clearly traceable connection 
between the earring of a society belle and 
a vast agricultural industry. But tlie 
second grew out of the first. Buckland re- 
cognised that in these age-old deposits, of 
which vast quantities were available in 
certain valleys and river-beds, were |)r()- 
perties of value to agriculture. Liebig, the 
great German chemist, happened to be in 
England at the time, and the Dean took 
him to inspect the deposits. He saw at once 
that they must contain abundance of 
phosphate of lime. He took back some to 
Germany, and there made a careful 
analysis which bore out his theory. And 
from that discover}'* originated ihe great 
industry of super-phosphates, which has 
wrought such enormously important re- 
sults for agriculture. 

The field for great enterprises is still 
largely virgin soil. Men like Sir Norman 
Lockyer look to sunspots wherein to read 
the secret of famine and pestilence in 
India. Others keep their eyes upon the 
earth, and there win relief and Ixmeht for 
the million. The story of Sir Clements 
Markham's introduction of (juinine into 
India is one of a noble idea daringly, unfal- 
teringly carried through. He had to procure 
the tree from Peru, and the dangers and 
difficulties attending liis task were innumer- 
able. But he succeeded, despite all perils, 
cind has been allotted his place in history as 
having performed a service of the highest 
value to humanity. What it means may 
be estimated from the fact that, unless 
checked by quinine, malarial fever kills 
more people every year in Southern India 
than the worst of cholera epidemics. Now, 
quinine is the one sovereign specific 
against this deadly fever. 

In spite of all that has been achieved, 
however, there remains much to be done in 
our tropical colonies. In India alone five 
million people died in 1900 from malarial 
fever ; and there have long been more 
places than Sierra Leone meriting the 
description of “ white man’s grave.” It 
remained for a soldier-scientist in Sir 
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Ronald Ross to elucidate the mystery of 
malaria and yellow fever ; to show, after 
years of dispiriting effort, that the malaria 
germ enters the poison gland of the mos- 
quito and is transmitted thence to the 
blood of the human being. The remedy is, 
so far, to do away with the swamps and 
marshes in which the mosquitoes breed 
— a campaign of cleanliness, sanitation, 
drainage. The remedy is i^rimitive in 
its simplicity, but the idea which led 
to its discovery has given its jM)ssessor 
enduring fame. 

When Sir Humphry Davy spoke of 
“ radiating matter,” he used a phrase 
which had no meaning for his generation. 
A century was to elapse before the idea 
developed fully in the minds of the gifted 
M. and Mme. Curie, who were to discover 
radium to the world. And then, at a 
bound, scientists were transported to a 
world whose border lines liad so long 
eluded them. Infinitesimal as an* the 
quantities in which radium has so far been 
found, sufheient has come to hand to de- 
monstrate the possibility of its revolu- 
tionising science. A competent authority 
has calculated that there is stored in a 
single grain of radium sufheient energj^ to 
raise 500 tons to a height of one mile, and 
for an ounce of it to drive a thirty-horse- 
power car round the world. 

Its potentialities as Jin illuminant, too, 
seem boundless — even the blind are made 
to “ see ” its light. Most important of all, 
as a curative agency in disease radium 
seems destined to take a commanding 
place. Already certain forms of cancer 
have been cured by its aid, and we are vtill 
only at the beginning of our knowledge as 
to its wonder-working attributes. 

Such arc S(’)me of the ways in which 
the ideas of thoughtful men benefit the 
race, and, step by steji, bring us nearer 
to the millennium. Every discovery begets 
other discoveries. 

The day of the dreamer has gone. So 
many minds are applied to problems that, 
if the guerdon is to be secured, the man with 
an idea must see to it that none other 
comes before him in making plain his dis- 
covery. It is to the undying glory of 
European scientists that all their greatest 
discoveries are gi^^en without money and 
without price to th^' world. In .America 
the custom is not ^dways so chivalrous ; 
the aid of uateut law is invoked for dis- 
coveries in pure science which, if made in 
England, would be freely given to the people. 
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This, however, is a consideration which 
does not affect the many ; the dividing line 
is sharply drawn between ideas upon which 
the world has a legitimate claim, and those 
who.se prolit should rightly accrue only to 
their originator. The point is that all 
who set themselves to the elucidation of 
problems, great or small, must seek with- 
out delay practically to apply them. 
Science must now be applied. The scien- 
tific recluse to whom his laboratory is the 
whole world declaims against Ihis theory. 
But study for study’s sake must be the 
delight of the selfish few. The man of ideas 
is a national asset upon whom his country 
has definite claims. It was a discovery of 
national importance to Germany when her 
chemists discovered how to make artificial 
indigo, for they killed India’s great trade 
in the natural product. 

There must, then, be no delay in the 
application of discoveries to their proper 
use. Procrastination may mean that a 
man who rightfully should be acclaimed a 
pioneer may become merely a follower. 
Great minds run frequently upon similar 
ideas. The memoirs of Darwin and 
Wallace on Natural Selection were read 
upon the same day before the Linnecan 
Society ; Cros and Ducos de Hauron 
simultaneously communicated their pro- 
cess of indirect photography in colours. 
Graham Bell was only two hours ahead of 
Elisha Gray in patenting the telephone. 
Many other instances might be cited of 
simultaneity in discovery. In every field 
the searchers are busy, but there are many 
mines yet to be located. 

lH)r the art of war initiative and organi- 
sation are ever commanded. For the arts of 
peace there must be even greater alertness. 
The case remains as Pasteur put it : “ Two 
opposing laws seem to be in contest. The 
one a law of blood and death, opening out 
each day new modes of destruction, forces 
nations to be always ready for battle. The 
other, a law of peace, work, and health, 
whose only aim is to deliver man from the 
calamities which beset him. The one seeks 
violent conquests, the other the relief of 
mankind. The one places a single life 
above all victories, the other sacrifices 
hundreds of thousands of lives to the 
ambition of a single individual. Which of 
these two laws will prevail ? God only 
knows ! But of this we may be sure : that 
science, in obeying the law of humanity, 
will always labour to enlarge the frontiers 
oflife.’’ ERNEST A. BRYANT 
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Industries of Belgium and Switzerland. Course of the 
Rhine in Holland, Germany, and Switzerland. The Alps. 

THE RHINE COUNTRIES 


Delgium (11,500 sq. miles) is a small 
^ country, only half as large again as 
\^^alcs. Geographically, it is a continuation 
of Northern France, the flat surface being 
represented by the Plain of Flanders in the 
north, while in the south the land rises to 
the forested Ardennes. The rivers arc 
the sluggish Scheldt and its tributary the 
L3 "s, and the swift, picturesque Meuse, 
coming down from the plateau of Langres 
in a forested gorge through the Ardennes, 
before it crosses the plain to the delta of 
the Rhine, which it enters, as does the 
River Scheldt itself. 

Though so small, Belgium is densely 
populated. In the plain the whole 
country is highly tilled, and looks like a 
vast market-garden, unbroken by wall or 
hedge. Farms and cottages are built on 
every spot which can be used without 
reducing the area under cultivation. New 
land is drained in the marshes or cleared 
»in the forests to supply the needs of the 
growing population. Enormous quanti- 
ties of vegetables are grown, as well as 
rye, oats, wheat, potatoes, and sugar-beet. 

The industries are equally important. 
In Southern Belgium many manufactures 
flourish on the coalfield, which is con- 
tinuous with that of Northern France. 
Iron is also abundant. Iron industries of 
all descriptions, including machinery, loco- 
motives, and all requisites of modern engi- 
neering, arc carried on exclusively in and 
around Charleroi, on the Sambre, and Liege, 
on the Meuse. The latter makes firearms 
of all descriptions, and may be called 
, ihe Birmingham of Belgium. The woollen 
manufacture, partly due to the excellent 
wool of the Ardennes, has been important 
for centuries. The Leeds of Belgium is 
Verviers, east of Liege, where glass is also 
made. Brussels carpets are made at 
Tournai and elsewhere. In Northern 
Belgium the chief manufacturing city is 
Ghent, on the Lys, the Manchester of 
Belgium. It obtains raw cotton through 
Antwerp, on tue Scheldt, the Belgian 
Liverpool, and the water of the Lys has 
remarkable . bleaching properties. The 
linen manufaciure has been important for 
centuries. Most towns make lace. 


especially Brussels, Ghent, and Mechlin. 
Brussels, the capital, on a trilnitary of 
the Scheldt, is a pleasing city, with 
modern suburbs. Its grand cathedral, 
town hall (Hotel de Ville), and picturesque 
market-place, surrounded by fine old 
houses, recall the ancient splendours of 
the Flemish cities, which, in the Middle 
Ages, were the busiest manufacturing 
and trading centres of Northern Europe. 
Hardly one of the many Flemish cities, 
now decayed, but has fine specimens of the 
domestic and public architecture of the 
Middle Ages. Even Antwerp, with its 
great docks, enormous commerce, and all 
that makes up a modern port of the first 
rank, its broad streets and modern con- 
veniences, its sugar-refining, distilling, 
shipbuilding, and other industries, pre- 
serves in its midst the mediaeval city which 
attracts thousands of tourists annually. 
Ostend is the largest of Belgian watering- 
places, and an important packet station, 
especially for Dov'er. 

So far wc have described regions with a 
geographical as well as a political in- 
dividuality, but in Central Europe, as any 
map shows, the boundaries of the coun- 
tries do not correspond with any geo- 
graphical features. But here let us select 
geographical rather than merely political 
divisions, and begin by tracing the course 
of the Rhine from its delta on the North 
Sea to its cradle among the Alpine snows. 
This. will bring us to the Alps, the greatest 
geographical feature of Europe, after 
which we can continue the description of 
the various other divisions. 

Let us, in imagination, stand on a 
commanding peak in the Swiss Alps. We 
are on the gable roof of Europe, with the 
land falling away in all directions to the 
surrounding seas. Looking north on a 
clear day, we see, beyond the world of 
snow-peak and glacier in the immediate 
foreground, low, lounded hills, forested — 
if we saw tliem nearer — showing as a faint 
blue line on the distant horizon. These 
are not Alps, but part of the Central 
Highlands which stretch irregularly across 
Central Euro]:>e under various names, 
and with many breaks, at the base of the 
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Alps. Beyond this blue line of hills, if vision 
permitted, we should see the land gradually 
sinking to a vast plain, broken by outliers of 
the Central Highlands, and ending at last in 
the flat, marshy shores of the North and Baltic 
Seas, Across this plain we should trace the 
silver threads of many rivers, following the slope 
of the land northward to these seas. But of all 
these rivers, one, and only one, would he the 
child of the glacier streams sparkling in the 
Alpine valleys actually beneath ')ur eyes. This 
river, the one link between the Alpine snows and 
the seas of Northern Europe, would be the 
Rhine. 

Entering the Mouth of the Rhine. 

Much of Holland consists of the delta of the 
Rhine. The land bordering the North Sea is so 
low that the sea mu.st be kept out by dykes, and 
so waterlogged that it must be drained by canals 
and pumpeni dry by windmills. Windmills and 
more windmills, canals, white houses, and green 
meadow’s are every traveller’.s first impressions of 
the Rhine and Holland. Of eourst*, the sea has 
devoured great slices of such a coast, forming 
the shallow gulf of the Zuider Zee, and leaving 
a chain of sandy islands parallel to the coast. 
Across this flat region, which is largely made of 
sediment brought down by the river, the Rhine 
rc'aches the sea by many branches or distribu- 
taries, forming an intricate network of inter- 
secting channels. Wo might, therefore, reach 
the main stream by many routes, from either the 
North or the Zuider Zee. Tlie usual route is by 
the Hook of Holland and Rotterdam, on the Lt'k. 
At its delta the Rhine receives the Meuse, or 
Maas; from the hills of Lorraine, rising not far 
from the French Marne. It is hard to say 
whether the Belgian Scheldt from the Ardennes 
and the hills of Northern France, which enters 
what wo may call the gulf of the Rhine, with 
innumerable islands and sandbanks, is or is not a 
tributary, but it must not be mistaken for a 
distributary. Flushing, on the island of Wal- 
cheren at its mouth, is whore the pilot comeson 
board for the intricate navigation of the Scheldt 
to Antwerp, the j'ort of the Scheldt. 

Holland* or the Netherlands. Holland 
(12,600 sq. miles) is an almost treeless, 
alluvial land, destitute of minerals or building 
stone, but fertile where it can be drained. The 
climate does not differ much from our owm, but 
is rather wetter. Cereals, hops, and sugar-beet 
are grown. The poldc^rs, or reclaimed meadow's, 
pasture many dairy cattle, and much butter 
and cheese are (‘xported. In sojiie respects, 
therefore, it recalls Denmark. The Dutch are 
great gardeners, famous for their bulbs. Whole 
fields of them may be seen in flower outside some 
towns in spring. There arc many industries, the 
raw materials being cheaply brought by water. 
The chief manufacturing centres — Breda. Til- 
burg, and Maastricht — are in the south. Tiotter- 
dam, the port cf the N< )rth Sea. and Amsterdam, 
the port of the Zuider Zee, both manufacture 
the colonial produce broiiglit to their wharves 
from the Dutch Ka«i Ti' lies. Amsterdam cuts 
diamonds for all Europe. Many coast towns 
trade in butter and cheese.. and, of course, engage 
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in fishing. Tlie capital, S’Gravenhage, or the 
Hague, is on the coast. Inland, a little to the. 
north, is the university town of Ixjyden. The 
most important inland town is Utrecht, from 
which the lower part of Holland can be flooded 
in case of invasion. 

The Lower German Rhine . Crossing 
the German frontier, we find ourselves on the 
threshold of a busy industrial region. Tlie valley of 
the Ruhr, tho river which enters on the east bank 
where the great river port of Duisburg is built, has 
a largo coalfield, which feeds the text ilo manufac- 
tures of Barmen-Elberfield, and the iron town of 
Essen, where the famous Krupp guns are made. 
It also sends coal by water to Krefeld, west of 
the -Rhine, with silk manufactures. To the 
south is Aachen, or Aix-la-Chapolle, a woollen 
and cotton towri, on a coalfield. Diisscldorf and 
Kbln, or Cologne, the latter with the finest 
cathedral in the W'orld, are accessible to ocean 
steamers, and their trade is enormous. So far 
both banks have been flat and uninteresting, 
though the regions on both sides are fertile and 
prosperous. 

The Rhine Gorge. At Bonn, above Cologne, 
we enter the famous gorge cut by the Rhino 
through the northern part of the Central High- 
lands, between the Eifel and the Hunsriick on 
the w est, and the Westerwald and Taunus on the 
east. Mile after mile wc sail between mountain 
walls, each crag crowned by a ruined castle, 
and the lower slopes terraced for vineyards. 
At Coblenz, another great river port, the Moselle, 
from the Vosges, comes in on the west bank in 
a forested gorge between the Eifel and the 
Hunsriick. In its basin is the great fortress of 
Metz, the Soar coalfield with many manufactures, 
the independent Gr^nd Duchy pf Luxemburg, 




and the old Roman* town of Trior. Nearly 
opposite the Moselle confluence, on the other 
bank, cornea in the Lahn, flowing in a similar 
forested gorge between the Westerwald and the 
TaiinuB. The Rhine gorge continues to Bingen, 
where we emerge into undulating country, and 
soon reach Mainz, at the confluence of the 
Main. If we could follow up this noble tributary 
it would take us by the banking city of Frank- 
furt, the university town of Wurzburg, and the 
picturesque scenery of the Central highlands, 
far into the heart of the Franconian Jura. Wo 
should certainly want to visit Nurnberg, on a 
tributary, the finest mediyeval city remaining 
in Europe, and now a busy manufacturing town. 

The Plain of the Middle Rhine. 
But we must follow the main stream across 
a richly cultivated plain, 20 or 30 miles wide, 
between the distant wooded Vosges on the west 
and the still more picturesque Odenwald and 
Black Forest on the east. At the busy port of 
Mannheim a glimpse up the Neckar makes us 
long to visit Heidelberg, on a lofty crag in its 
forested gorge. The Neckar is formed by many 
mountain streams, coming down in lovely 
valleys from the Swabian Jura, which separate 
the N('ckar from the Danube. The nhief town 
in its basin is Stuttgart, the capital of Wiirtem- 
berg. The main stream of the Rhine continues 
across a land of cornfields, orchards, and 
vineyards. Karlsruhe, the capital of Baden, is 
connected with the Rhine by canal and has 
large engineering works ; Strassburg, with a fine 
cathedral, is the port for Miilhauson and other 
cotton towns of the Vosges. Freiburg lies at the 
entrance of a lovely valley leading into the 
heart of the^ Black Forest. We now approach 
Basel, or Bale, the frontier town of Switzer- 
land, a great centre of trade and railway 
traffic, about 750 miles from the mouth and 
250 miles from the source of the Rhine. 

The Rhine in Switzerland. The 
direction of the river valley now changes, 
narrowing between the Black Forest on the 
north and the Jura on the south. Above this 
it flows in a gorge between the Swiss and Swabian 
Jura, leading to Lake Constance. Swift tribut- 
aiies, green with glacier sediment, rush down 
trr-m the snowy Alps, now seen in the distance. 
lh( largest is the Aar, which rises among the 
highest peaks of the Bernese Alps, flows through 
li^es Brienz and Thun, past Bern, the capital, 
and then northwards betw^ecn the Alps and 
Jura, receiving, among many tributaries, the 
Reuss, from Lake Lucerne, and the Liminat, 
from Lake Zurich. At SchafThausen are the 
Falls of the Rhine, wliere the river leaps madly 
down from the higher ground w'est of Lake 
Constance. We next reach its exit from that 
lake,* and are but a few miles from the Danube, 
the great waterway of Western Europe. From 
a summit between the two we might possibly 
look down on waters flowing to the North 
and Black Seas respectively, so that here, in a 
sense, cast and west, north and south, meet. 
After leaving Lake Constance, with its ring of 
towns, the valley leads us south, through 
scenery of increasing wildness. Swift rivers. 
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leaping down 3,000 or 4,000 ft. in 20 or 30 miles, 
rush to the roaring torrent of the Rhino, whoso 
valley narrows to a wild gorge. At last, 800 
miles from the North Sea, our journey ends, at 
the source cither of the Hither or of the Further 
Rhine, at a height of over 7,(K)0 ft., among the 
grandest Alpine scenery. 

The Alps. Wc have now reached tho 
heart of the Alps, which stretch across Europe 
for 700 miles. We generally think of them ns 
in Switzerland, but they extend wTSt into France, 
oast into Austria, north into Germany, and 
south into Italy. 

To describe the scenery of the Alps in words is 
not easy. It varies greatly in different parts. In 
the limestone Alps of Austria the peaks and 
pinnacles are too steep for snow to lie, and they 
soar into tho sky like fantastic obelisks of many- 
coloured rock. The familiar scenery of the Swiss 
Alps is something like thiSf : Starting from our 
centre we climb on foot, or perhaps by rail or 
coach, up a smiling valley, between mountains 
clothed with forests of dark pine. Beside tho 
road a swift torrent leaps from rock to rock in 
cascades of foam. Little villages of wood, 
with great overhanging roofs to carry tho 
weight of the winter snow', are gay with vines, 
fruit-trees, and patches of maize. As wo. go on, 
the valley becomes more uphill, the mountain 
walls higher, the vilfagcs fewer, and the stream 
wilder. Tho bridges which cross it have 
canopies over them to prevent snow from 
breaking them down in winter. As we climb, 
the w^oods thin out, and their place is taktm by 
steep meadows gay with flowers of every hue. 
The tinkle of the cow-bells and the little w ooden 
cheese-houses tell us that we are among tho 
high pastures, deserted in winter by man and 
beast. 

An Alpine Glacier. Above the meadows 
appear walls of rock, and perhaps at t he end of the 
valley a dazzling vision of snow -peak and glacier. 
Tlie grass ceases, gay to tho last with flow'cTs. 
We are at the edge of the glacier, with its lines 
of moraine, rocks, and stones, which have fallen 
from the towering precipices above, clearly 
marked on its white surface. Most likely its 
end is hollowed into a glittering blue ice-cave, 
out of which gushes the stream we have been 
following. If w'o w'ould reach the snowy sum- 
mits, our W'ay lies over tho rough surface of tho 
glacier, with its torn and twisted )^*e, split by 
deep chasms and crevasses of giddy depth and 
dazzling blue. The party is roped together, 
furnished with ice-axes, dark spectacles to dim 
the glare from tho Rnow\ and, above all, w’ith 
good guides. Silently and cautiously, for a loud 
noise or a false step may start an avalanche 
of stones or snow and hurl all to destruction, tho 
climbers make their w'ay over glacier and snow'- 
flolds, or along a knife-edge of rock, to tho 
summit, to behold a view no words can 
describe. They may descend on the Italian 
side, through similar scenery. Tlio snow and 
ice will not come so low as on tho Swiss side, 
and in the lower valleys chestnuts will replace 
pines, and mulberries, vines, figs and other 
fruit will speak of the Sunny South. 
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Valleys and Peaks of the Alps. 

To understand the geography of the Alps, let 
us first bo clear about the famous St. Gotthard 
region, the cradle of many Alpine rivers. We 
roach the St. Gotthard Pass, the gate of this 
region, from Lucerne, by following the lake, and 
its feeder, the Reuss, up to a height of 7000 ft. 
A w'onderfully engineered railway follows the 
valley to a height of 3800 ft. and then plunges 
into the bow'els of the mountains in a tunnel 
miles long, emerging at the head of the Ticino 
valley, which leads down to Lake Maggiore, 
Milan, and the plain of the Po. Only a f<'w 
miles from the source of these two rivers are 
those of the Further Rhine, flowing east, and 
of the Rhone, flowing west, while those of the 
Aar, in the Bernese Oberland, are also near. 
Once clear as to these rivers, we can easily tix 
the geography of the rest of the Alps in our 
minds. The Rhone flows west in a great trough 
between the Bernese Oberland to the north and 
the Pennine Alps to the south. Zermatt, the 
needle-like Matterhorn (14,700 ft.), Monte Rosa 
(15,200 ft.), and other giant peaks are at the 
end of valleys opening to it from the south. 
From Martigny, where the Rhone turns north 
to Lake Geneva, we may visit the highest peak 
in the Alps, Mont Blanc, over 15,700 ft. South 
of the Mont Blanc group two rivers must be 
noted, the Dora Baltea, flowing south-east down 
to the Po, and the Is^ro, flowing south-west 
through the French Alps of Savoy and Dauphin6 
to the Rhone. Further south the Durance flows 
to the Rhone and the Dora Riparia to the Po. 

The Aar has already been traced from the 
glaciers of the Finsteraarhom (14,000 ft.), the 
liighest of the Bernese Alps, to its confluence 
with the Rhine. Interlaken, between Lakes 
Brienz and Thun, commands a fine view of the 
Jungfrau, the queen of the Bernese Alps, and is 
the starting-point Tor their finest scenery. 
The courses of the Reuss and Rhine we know. 

The Engadine and the Tyrol. East 
of the Rhino is the Vorarlberg district, and 
south the Engadine, perhaps the finest of all, 
with peaks 11,000 to 13,000 ft. high. The 
Inn flows through grand scenery to the Danube, 
between the Bavarian Alps and the Tyrol, 
with Innsbruck as its chief centre. From 
the Tyrol the Adige, or Etsch, flows south, 
near the Ortler group (12,800 ft.), the highest 
part of the Austrian AIj>s, the only one of the 
many rivers flowing south in long parallel 
valleys w'hich does not enter the Po. Not 
far from the source of the Adige is the Gross 
Glockner ( 1 2,400 ft. ). 

Now both the scenery and direction of the 
valleys gradually change. The rivers no longer 
flow north and south, but east to the Danube, 
the largest being the Dravo and Save. These 
eastern Alps form ihi^ Austrian pro%mf ‘,^ of 
8tyria, Carinthia, and (-arniola. .Froui the 
northern end of the Austrian Alps spring the 
forested Carpathians, and from the southern the 
Dinario or Dalmatian Alp% which border the 
eastern shores of the AdJatic. The Apennines 
of Italy are also an offshoot from the Alps, but 
with quite different scenery. 
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Notable Alpine passes are connected with the 
valleys mentioned. In the centre the St. 
Gotthard leads from the head of the Reuss valley 
to the head of the Ticino valley, thus giving a 
through route from the North Sea to the Adriatic. 
In the w’est the Mont Cenis, also followed by a 
railway, with a tunnel 7J miles long through 
the core of the Alps, leads from the valley of 
the Arc, a tributary of the Isdre, to that oi tho 
Dora Riparia, a tributary of the Po, and to Turin. 
The Brenner, in tho east, leads from the Inn 
to the Adige. All these give through routes 
right across the Alps. The Simplon, with a 
tunnel 12J miles long, leads from the middle of 
tho upper Rhone valley to the valley of the 
Toce and Lake Maggiore. Many famous passes, 
not accessible by rail, lead from one valley to 
another, but these need not be mentioned. 

Switzerland. Switzerland (16,000 sq. 
miles) is a union of many independent cantons 
which grew up on both slopes of the Central 
Alps, round the lakes which fill many of the 
lower valleys, and on the plateau at their 
northern base. ' The Federal capital is Bern, 
on the Aar. Except on the plateau, tho larger 
towns have become important because they 
command good routes across the Alps. Zurich, 
Luzern (Lucerne), Bern, Lausanne, and Geneva 
arc examples. On tho plateau the climate is 
that of Central Evirope, with hot summers and 
cold winters. In the Alpine valleys tho winter 
varies in severity with elevation. Winter 
snow covers the summer pastures, blocks many 
of tho passes, and renders the streets of the 
higher villages impassablo. 

Why Switzerland is Prosperous. 
Switz.erland is a brilliant example of what can 
be done by utilising tho national resources, 
whatever they are. A land of uninhabitable 
mountains, with hardly any lowlands suited 
for agriculture, with no coal to feed unanufactures, 
and producing hardly any raw material, it 
would seem to have small Jiope of prosperity, 
yet it is one of the richest countries m Europe. 
Mountaineers are generally resourceful and 
energetic, and the Swiss are no exception. 
They make the most of agriculture on the plateau, 
their manufactures are flourishing, their dairy 
industries world-famous, and they have brought 
to perfection what they call the Fremam- 
industries or trade in tourists. 

The Tourist Industry. Switzerland 
discovered this industry and makes a fortune 
by it. Everything is done to develop it. Rail- 
ways arc carried everywhere, even up nearly 
perj>endicular cliffs. Well-equipped hotels are 
built actually at the snow-line. Summer brings 
its tens of thousands of tourists, who enrich 
the army of caterers, cooks, waiters, peyrters, 
railway servants, and mountain guides who 
follow in their train. The favourite centres 
are the Engadine, where Davos is a sanatorium 
for consumptives; Zennatt, in the Pennine 
Alps ; Interlaken, in the Bemeso Oberland : * 
Chamonix, for Mont Blanc, Vevey, and many 
other towns round the Lake of Geneva; and 
Luzern and smaller towns round that lako 
for the fine scenery about the St. Gotthard. 
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Swiss Agriculture. 

Agriculture ia confined to 
t he plateau and the lower 
valleys, where rye, oats, and 
potatoes are the chief crops. 

The summer is hot enough, 
especially on Lake Chmova, 
to ripen the vine and maize, 
and in the vjilh'ys of the 
southern slopes the mulberry 
and olive are also culti- 
vated. Not enough food is 
grown for the population, 
and food -stuffs are largely 
imported. 

The Dairy Industry. 

With the rich pastures of 
the Upper Alps, dairy farm- 
ing was bound to be impor- 
tant. Many Swiss cheeses 
are famous, and the manu- 
facture of condensed milk is 
a specially Swiss industry. 

'J'hci manufacture of choco- 
late, for which Switz(‘rlaud 
has become w'orld -famous, 
also consumes large quanti- 
ties of milk. Notice how 
the character of a country 
affects even the way in 
whi(;h it pays to use milk. 

Other pastoral countries, 

Ireland, Denmark, Holland, 
make butter their staple, 
l>ut they arc maritime. 

Switzerland is in the heart 
of Europe, and transport is 
difficult and costly. Cheese, 
condensed milk, and choco- 
late, carefully packed, are 
highly portabh?, and do not 
spoil by keeping. Hence their 
selection. Let us never forget 
to look for geographical 
explanations of the nature of 
a country’s trade. 

Manufactures. The 

manufactures are important, 
partly because the people are 
, shrewd, industrious, and w'cll 
educated, but also bcca\iso 
there is an inexhaustible 
supply of cheap motive power. This is 
furnished by the irresistible force of the 
rivers rushing down from the Alps. Alwa-ys 
important, wattT-power has become in- 
valuable with the development of electricity 
as a motive power. The electrical industries 
are steadily growling in importance all over 
SwitztTland. 

The mountain ra^ways are driven by elec- 
tricity ; and the nearer a town or hotel is to the 
snow-line, the more certain it is to be lighted 
by electricity. Textiles are manufactured in 
the busy towns of the plateau, silk at Zurich 
and Basel (BAlc), and cotton round Zurich 


and 8t. CalUrn. Textile and electrical machinery 
is made at Zurich, the industrial capital of 
Switzerland, and locomotives at Winterthur. 
Genciva, the commercial centre of the west, 
gives its name to the watches and clocks 
made in the valleys of the Jura, iii the canton 
of Neuchatel, north of the lake of that name. 
Lausanne, magnificently situated on the north 
of Lake Geneva, is also a busy town, which 
has developed a “ girls’ school industry,” if 
wo may so call it, which draws its pupils 
from all over the Continent, and largely 
from England. 

A. J. AND F. D. HEHBERTSON 
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Renaissance Architecture and Sculpture outside Italy. . Painting in 
Flanders and Holland. The Van Eycks. Rubens and Rembrandt. 

THE ART OF NORTHERN EUROPE 

J UST as the Gothic style, born in the buildings on the whole only form a transi- 
North, found the Italians reluctant to tion from the (iothic to the pure Kenais- 
accept it^ tenets, so Renaissance archi- sance style, which appeared witli Inigo 
tecture could only slowly force itself upon Jones in the seventeenth century. This 
the Northern nations. In France and in master’s great buildings, such as the 
(iermany the new forms made their Banqueting Hall, Whitehall, and the 
appearance comparatively late in the Duke of Devonshire’s villa at Chiswick, 
sixteenth century, and to a great extent prove him a student and follower of 
lost their original purity through com- Ihxlladio. Inigo Jones was followed by 
bination with Gothic motifs. The cliurch Sir Christopher Wren, the builder of 
of St. Eustache (a.d. 1532) in Paris St. Paul’s and several other beautiful 
illustrates the blending of the two styles, churches. Wren died in 1723, 
and such .French" private buildings as the The progress of sculpture in Northern 
castles of Chenonccau and Chambord show Europe cannot be followed as easily as 
the picturesque combination of Renais- in Italy, for in spite of the colossal output 
sance motifs with Gothic turrets and of artistic work in France, Germany, and 
slanting roofs. the Netlierlands there is a lack of brilliant 

One of the most graceful structures of individualities .which stand forth as land- 
the Renaissance in France is the famous marks of the progressive stages of de- 
winding staircase at Blois, which one. veldpment. Local schools there were in 
critic has tried to prove to be designed vast numbers, and throughout these coun- 
by Leonardo da Vinci. The Louvre, the tries the same tendency is to be noted ; 
Luxembourg, the Pantheon, and the Dome but few, indeed, are the men whose names 
des Invalides in Paris arc notable ex- have been handed dCwnHhrough the ages 
ample.s of the French Renaissance. In as creators of masterpieces. Love of care- 
Getmany the castle of Heidelberg (a.d. fully studied detail, clear rendering of 
1545) is a remarkable instance of the facial expression, close adherence to 
blending of Classic decoration with Gothic Nature, and delight in rendering the 
sentiment. But in both countries the various textures are the chief character- 
new style did not achieve complete victory istics of Northern Renaissance sculpture, 
before the seventeenth century, when its which could never rival the triumphs of 
severe beauty had given way to the Italy, partly owing to the lack of 
ffamboyancy of the Baroque. classic examples, partly to the absence 

In England, the introduction of the of the suitable material — the marble of 
Ri nai.ssance style is due to Italians, such / which the Italians had an abundant 
as Torrigiano, the designer of Henry VII.’s supply at hand. 

tomb in Westminster Abbey, Jolin of During the hfteonth century the art of 
J'adua, Giovanni da Majano, and wood-carving reached an extraordinary 
Rovezzano. degree of perfection in Germany. The 

The Elizabethan style, “ an attem])t on tendency of the carved wood statues and 
the part of the English to translate Italian altars with many figures in high relief 
ideas into their own vernacular,” was w\as distinctly pictorial, especially in the 
chiefly employed for richly decorated restless arrangement of the. draperies ; 
private mansions and dwellings, of which and painting and gilding were frequently 
we need only mention Longford Castle, resorted to to enhance the effect. Nurem- 
built by John Thorpe ; Knole, Kirby, and berg at that time became ,thc chief centre 
Penshurst. In the Jacobean period the. of German arts and crafts. It is almost 
Renaissance character became more pro- es.sential to visit this quaint, old-world 
nounced, especially in the use of columns city to form an adequate idea of the art 
and* entablatuies.'^ Holland House and of this period, for it harbours the chief 
, Hatfield House may be quoted as. notable works of such masters as Veit Stoss, the 
exanxple^. But Elizabethan and Jacobean wood-carver ; Adam Krafft, the stone- 
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sculptor; and 
Peter Vischer, the 
bronze - worker, 
the author of the 
famous figure of 
King Arthur in 
the Hofkirche at 
Innsbruck. 

In Franco the 
chief works f)f 
sculpture pro- 
duced between 
the Gothic i>eriod 
and the triumph 
of the Italian 
influence of the 
masters sum- 
moned by Francis 
I. to Fontai nc- 
hleau are to he 
found among the 
m o n u m e n t a 1 
tombs at Dijon, 
Amiens, Rouen, 
St. Denis, and 
Bourges. T h c n 
Primaticcio and 
Rosso started the 
Italianising school 
of Fontainebleau, 
which produced 
sculptors like 
Jean Goujon and 
Germain Pi Ion. 

The nai ve realism 
of the earlier 
sculptors had now 
given way to an 
elegant and 
sometinu's man- 
nered style, the 
chief aim of which 
was decorative 
effect. The reliefs 
of th(5 Fontaine 
des Innocents, at 
the Louvre, in 
Paris, represent 
Goujon at his 
best, w h i 1 e 

Pi Ion’s ‘‘Three 
Graces,” likewise 
at the Louvre, 
illustrate thi.s 
master’s exagger- 
ated elegance. 
What little indi- 
genous style there 
was in Englisli 
sculpture was 
stifled by Torrigi- 
ano, Benedetto da 
Rovezzano, and ^ 
other Italians ' 
called to England 
in Tudor days. 

The rise of pic- 
torial art in th'.> 
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THE BRONZE STATUE OF KINO ARTHUR 
By Peter Vlscher, In the Hofkirche at Innsbruck 


i North coincides 
I with the inven- 
tion of oil as a 
medium for paint- 
ing by the brothers 
Jah and Hubert 
Van Eyek, at the 
end of the seven- 
teenth century. 
And, curiously 
enough, Flemish 
painting, at its 
very beginning, 
appears at a stage 
of developnu'ut 
which Italy has 
only reached by 
slow and gradual 
steps. The Van 
Eycks are great 
masters, not only 
by comparison 
with those that 
went before, but 
even if measured 
by those that fol- 
lowed them. We 
have already seen 
how the conditions 
imposed by the 
Gothic architec- 
tural s y s t e m 
limited the 
painter’s activity 
to small panel 
pictures, so that 
his attention was 
fixed on the elabo- 
ration of minute 
detail, instead of 
monumental mass- 
ing of lino of 
form, and on soul- 
ful expression 
instead of stateli- 
ness of pose. 

Oil Painting 
in Flanders* 
The new sohodk*; 
arose in Flandei»’ 
— ^the Belgium of 
today— which wak 
then one of the 
chief commercial 
and industrial 
centres of the 
world. The bril- 
liant pageants of 
the Flemish cities, 
with their con- 
stant coming and 
going of wealthy 
trailers from every 
part, of the w'orld, 
musi) been a 
powerful ' stimu- 
la;nt to the looal 
painters. 


STATELY HOMES OF THREE COUNTRIES 
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The Van EycKs. Hubert Van Eyck 
was born about a:d. 1366, and worked prin- 
cipally at Bruges and Ghent. The subject 
matter and symbolism of his painting are 
still quite media? vaJ, but the actual incidents, 
costumes and t3rj3es; architecture and landscape, 
are lovingly and faithfully copied from the 
scenes which he had daily before liis ©yes, and 
set down with painstaking precision, which was 
only surpassed in minuteness by the Avork of his 
brother Jan. The “ Adoration of the Lamb ” 
Is their chief work. Rogier van der Weyden, 
born in A.D. 1400, was a little less literal in 
his transcripts of nature, and more emotional 
in expression. Hans Memlinc, a Bruges painter 
of German origin, born about 1430, is the most 
lovable painter of a school which too frequently 
<lelighted in the realistic representation of scenes 
<»f tortures and other horrors. In him the 
realistic tendency of the school finds expression 
in the wonderful rendering of landscape and 
accessories, but ho was an artist full of tender 
feeling and i>oetry, Avith a rare sense of feminine 
purity and inno- 
cent grace. Gerard 
David, AAho Avas 
born about 20 years 
later and worked at 
Bruges at the end 
of tlie century, Avas 
much influenced by 
Memlinc, and is dis- 
tinguished by a 
glowing sons© of 
colour and 1x?auti- 
ful line. Quentin 
Matsys, born 1460, 
practised portraiture 
and genre, besides 
religious art, and 
marks a decided 
advance in expres- 
.siA^e modelling. With 
Mabuse, who died 

in 1532. and even yjjjj cmtldbbn of CH. 
more Avith his con- 
temporary, Raphael’s pupil, Bernard van Orley, 
the Italian influence b<>gin8 to filter through the 
local tradition, and in the ease of the latter is to be 
detected in a more ample sense of design and a 
departure from the severe exactitude of the earlier 
masters. But what liad been the result, in Italy, 
of centuries of slow development, could not be 
transplan tc?d in ita mature form to foreign soil, 
and liecame mere mannerism with the later 
Flemings, until a new era of sufierb artistry 
daAvned with the advent of the great Ruliens, 
Rubens. Rubens (a.d. 1577-1640), too, had 
firunk at the same source of Italian art, and his 
early work in particular evinces his love of 
V'enetian colour, but lie brought into his painting 
a strong, vinle and altogether persojial tempera- 
ment that could never have been i-ontont with 
mannered imitation. A colourist of tremendous 
power, Rubens oxcclled above all in the painting 
of flesh, in which stands unrivalled to this 


he expressed AA'itli bold, sweeping strokes of 
luminous paint the roundness of form, the tex- 
ture of the skin, and the very blood coursing 
under the skin, irresistibly compels one’s admira- 
tion. The passionate movement, the vigour 
and verve of his work, seem to exclude the possi- 
bility Ot^a deliberately calculated design, and 
yet the noble disposition of his figures, the effec- 
tive massing of light and shade are as “ scientific ” 
as the movement and eensuous colour are 
instinctive. Rubens was the most worldly of all 
painters, yet he could treat a religious subject with 
a very reverent spirit. He AA^as equally great in 
portraiture, in genre, in landscape, and in animal 
painting. But it sliould be rememberod that 
in accordance with the custom of the period, he 
had a horde of assistants working under him, 
and many of the inferior pictures that pass under 
his name owe to him merely their conception, 
Avhilo the execution is entirely due to his pupils. 

Van Dyck. Much the same remark applies^ 
to the greatest of his pupils. Van Dyck (a.i>.’ 
1599-1641), who, as Court painter to Charles I., 

exercised so potent 
an influence on 
English art that 
he may rightly be 
considered the real ' 
founder of the great 
English school of 
portraiture. Indeed, 
many of the paint- 
ings turned out 
from his studio at 
Blackfriars during 
his English period 
are the Avork of his 
numerous assistants, 
save for the first 
sketch and the 
finishing touches.”** 
Van Dyck, too, 
studied for some 
years in Italy, 

1.. BV VAN -DYCK wIkTC, liko luS 



day. One may ivpelled by the coarse, fleshy 
type of his women, but the mastery with which 


THE CMTLDBBN OF CHABLBS 1., BY VAN DYOK where, like llis 

master, Rubens, 

al, Bernard van Orley, fell under the spell of the Venetians. An accom-*^ 

18 to filter through the plished courtier and man of the world, he became | 

*ase of the latter is to be the favourite of society in his native country, a||k 

sense of design and a in Genoa and in England. His pictures are ^ 

exactitude of the earlier perfect mirror of the English aristocracy of his 

een the result, in Italy, day, reflecting their taste and distinction and^' 

lopment, could not be effeminate elegance. As a colourist, he was m©”^ 

re form to foreign soil, subtle and refined, if less vigorous, than Rubens, 

lerism with the later The coarser side of Rubens’s art attracted 
sra of sufierb artistry Jacob Jordoens, whose lack of refinement is 

►f the great Ruliens, scarcely atoned for by his great technical skill 
D. 1577- 1 640), too, had and good humour. Franz Snyders (a.d. 1579-1667) 

of Italian art, and his was a brilliant animal painter, whilst Jan Fyt 

r evinces his love of and Jan Weonix excelled in still life, generally 

ought into his painting of <f«ad game. Melchior Hondekoeter devoted 

?ther persoiial tempera- himself almo.st exclusively to the bird life of the 

skve been content with farmyard. All these masters were great 

lolourist of tremendous colourists, and stand supreme, each in the narrow 

30ve all in the painting range he imposed on his art. 

nds unrivalled to this Growing Popularity of Art. The 
d by the coarse, fleshy earliest Dutch painters, among whom Bierick 

le mastery with which Bouts and Lucas van Leyden are the most 
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prominent, wore almost completely dominated 
i)y the genius of the Van Eycks and the oilier 
early Flemings. In fact, in their early stages, 
the two schools can scarcely he considered 
separately. Then came the Reformation and the 
War of Independence, which resulted, in 1648, in 
the final shaking off of the Spanish yoke. The 
long period of warfare and bloodshed was not 
favourable to extensive art production, but wlicn 
Protestant Holland issued victorious, a great 
})eriod of*art commenced — of art led into new 
channels, since Protestantism looked askance 
at religious painting, and jirtdcrrcd bare, whitc- 
waslied walls in the churches to an imagery of 
glowing colour. On the other hand, a demand 
for art arose in the civic community. The well- 
to-do citizens enlisted art for the adornment of 
their living rooms, and tlui subjects favoured 
were no longer, 
as Tuay well be 
imagined, flagella- 
tions and cruci- 
fixions, and images 
of the Virgin and 
saints, but por- 
traits, landscapes, 
genre scenes de- 
picting the daily 
life of the burghers 
and peasants, and, 
for the guild halls 
and other official 
buildings, largo por- 
trait groups of pro- 
minent burghers. 

Pictures in the 
Dutch Home. 

Of idealism and 
ideology, there is 
little or nothing in 
Dutch art which 
is entirely based 
on love of nature 
and on the kt^en 
appreciation of the 
value of pigment. 

'Fhe ri(^h quality of 
the paint, the sub- 
tlety with which 
the play of light 
and shaflo on ob- 
jects and textures 
is observed — these were the chief i>oints that 
appealed to the Dutchmen. 'Ilicse little genre 
scenes — interiors of burghers’ housi^s. with ladies 
before a mirror, or occupied with hooks or 
musical instrurmmts ; or tavern scenes de- 
picting the life of the liiiinbler classes — are 
never of anecdotal or literary character ; they 
are just glimpses of real life stated in terms 
of ornamental craftsmanship. Of t'ds nature 
are the precious gemiike pieces ot Terburg, 
Vermeer van Deft, Metf.u, Jan Steen, Mieris, 
Gerard Dow, and, in F^nde^s, of the Teniers, 
who had more in oomr^oh with the Dutch “ small 
masters ” than with the Flemings, 


Frans Hals. But the seventeenth cen- 
tury small masters wore preceded by a few men 
who must rank among the very giants in the 
realm of painting. Rembrandt is one, and by 
no means the least brilliant, of the great triple 
constellation that stands out from the firmament 
of art, the compeer of Velasquez and Titian. 
Before him, Frans Hals (a.d. 1584-1666) had 
achieved the greatest triumphs in bold, daring 
portrait painting. For sheer bravura and dashing 
lirushwork and brilliant characterisation, Hak 
has probably never been equalled, and his large 
“Doelen" groups at Haarlem are an inex- 
haustible source of delight to all who can appre- 
ciate masterly brushwork. Then, Van der Heist 
(a.d. 1613- 1 676) may be taken as the most capable 
of the numerous s(‘rioiis portrait painters who 
recorded with faultless conscientiousness in 

a somewhat tight 
manner the fea- 
tures of civic dig- 
nitaries and their 
buxom liousewives. 

Rembrandt 
the Revealer. 
But with Rem- 
brandt (A.D. 1606- 

1669), all liardness, 
one might almost 
say all linear design, 
was abandoned, and 
everything that the 
artist’s eye could 
see, or his brain 
conceive, expressed 
in terms of soft 
lights and shadow\s 
and golden, liquid 
half- shadows. 
P" very thing is given 
plastic form through 
the play of light on 
the surfaces which 
are seen through 
the surrounding at- 
mosphere In 

his golden illumina- 
tion and forced con- 
trasts , Rem brandt' 
is, perhaps, not al- 
ways strictly true 
to nature, but ho’ 
has the power to make us fet^l that, if such 
c<q;iditions of light weix possible, faces and 
objects would appear just as he has set' 
them down [soo “ The Night Watch,’’ repro- 
duced on page 1617]. Rembrandt is the anti- 
thesb to tlie Italians of tho Renaissance, ^vho 
were ever striving for beauty. With him' 
character is eviTything, but ihc mastery of hia 
brush and hia sympathetic insight into the very 
soul of his sitters give beauty even to subjects 
repellent in themselves. Apart from his paint- 
ings, Rembrandt’s etchings alone would entitle 
him to one of the most exalted positions ‘amon^ 
the world’s great artists. P. G. KONODY. 



‘ST. MATTHEW.’ RY REMBRANDT 
I’lie liOiivre J’aris 
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GROUP 4— PHYSIOLOGY & HEALTH • THE BODY & ITS MAINTENANCE-CHAPTER 15 


The Three Orders of Levers in the Body. How the Erect 
i^isition is Maintained. Walking, Running, and Jumping. 

MOTION AND LOCOMOTION 


M otion in itself is no more a proof of life in a 
man than in a steam ^engine ; it is the 
method by which it is produced in man that 
differentiates him from a machine. Motion and 
locomotion are not the same. Motion is move- 
ment only, but locomotion is movement from 
one place to another ; in walking we get both: 

A great deal of motion takes place in the body 
apart from locomotion, although, in fact, the 
body as a whole does not change its place. 

For motion or locomotion •four structures at 
least are necessary as regards the mechanism. 
Something to be moved — the bones ; a place 
where they move — the joints ; machinery that 
moves them — the muscles ; and a force that • 
controls the machinery — the nerves ; and all 
movements involving these structures take 
place according to mechanical laws. These, then, 
we will briefly consider. 

A System of Levers. The principle 
with which we are most concerned is that of 
leverage, or movement by means of levers. A 
lever is simply a bar that lifts (French lever— - 
to lift), which may be either straight or crooked, 
and made of any rigid substance, such as wood, 
iron, or bone. All our bones are used as levers 
or bars. [See page 1025.] 

Now, as a rule, we can do so much more work 
with levers than we can do without them that 
Archimedes, who discovered their use, said that 
if he had a lever long enough, and a fulcrum to 
rest it on, he could jnove the world. 

The parts in a lever are three in number. They 
are the Julcrum (F), or the fixed point on which 
the lever moves, which in the body is invariably 
a joint ; the power (P), or the force that moves 
the lever ; and tlie weight (W), or the object 
that is moved. 

Orders of Levers, The orders of levers 
v^ary according to their relative position, thus : 

WFi' is the first order — that is, when the 
fiilcnim is in the middle. PWF is the second 
order - -that is, when the weight is in the middle. 
WPF is the third order — that is, when the power 
is in the middle. 

Levers of the Body, Now, all throe orders 
of levers are used in the body [71], although 
the third is undoubtedly the favourite, for a 
reason that will be evident. 


Tapping the foot on the ground, raising the 
head off the chest, and straightening the arm 
are examples of the first order. Thus: 


w. 

F. 

P. 

foot 

ankle-joint 

muscles of calf 

head 

joint with spine 

muscles of spine 

hand 

elbow-joint 

triceps muscle 


Standing on tiptoe is an instance of the second 
order. 


P. W. F. 

calf- muscle body toes resting on 

ground and act- 
ing as a joint. 

Bending the arm, closing the jaw, are examiiles 
of the third order, thus : 

W. W F. 

hand biceps elbow- joint 

jaw jaw musolc's jaw joint 

Respecting this third order, observe that the 
power, or the muscle, is attached betw(;en the 
fiilenim in the joint at one end and thci weight 
to be lifted at the other. 

The nearer the muscle is attached to the weight 
to be lifted the more it has to be contracted to 
lift the weight, whereas the nearer it is attached 
to the fulcrum the less it has to contract, but 
greater force is needtd. For instance, consider 
the attachment of the muscles of the arm and 
leg. You will have noticed how all the body- 
levers have the fulcrum close to the power at the 
end of the bar. Thus, the elbow-joint is close 
to the point of the elbow behind, and the ankle is 
close to the heel ; and you will also have noticed 
in the same way that in every case the muscles 
are attached as near to the fulcrum, or joint, as 
possible. Those that lift the arm are fixed just 
below the shoulder ; those that lift the forearm 
arc fixed just in front of the elbow ; those that 
move the thigh just below the hip ; and those 
that move the leg just below the knee. 

Why a Muscle is Attached near the 
Fulcrum. The object is to give the greatest 
movement of the limb with the least contrac- 
tion of the muscles. If you take two bits of 
firewood a foot long, and join them together 
at one end with a tack, open them at right 
angles, and tie a string from one end to the 
other, it will bo 17 in. long. To bring the ends 
of the two pieces together by ] lulling on the 
string, you must use up all the 17 in. ; but if 
you tie one end of the string close in front of 
the joint in the way our muscles are fixed, you 
will find that, though you have to pull harder to 
bring the j^ieces of wood together, you only use 
up about 1 in. in length of the string to move 
the ends of the firewood 17 in. [72J. 

By this contrivance, therefore, the slight 
contraction of the muscles can move the limbs 
a great distance. When you kick a football, your 
foot goes through a great space, but the muscle 
that moves it only contracts an inch or two. 

Shoulder and Hip Contrasted. Some 
special joints in the body call for a brief con- 
sideration. Let us first contrast the shoulder 
and the hip. The shoulder is not a fixed joint, 
but can be moved backwards and forwards to 
a certain extent. It is supported behind by 


THIS GROUP EMBRACES ANATOMY, PHYSIOLOGY, AND HYGIENE 

1619 



OflOUP ><PHV8IOLOaV 


the shoulder-blade, and in front by the collar- first sicht it appears that nothing could be more 
bone. This latter bone has a double curve ; ^natural than the erect attitude. It is only when 
all shocks received at the shoulder, therefore, we look at the means by which it is attained that 
as in falls, or in striking, etc., are broken by the we see what a feat it is to stand upright. The 


spring allowed in the shoulder itself, and by the 
spring in the collar-bone. Jf the shock, how- 
ever, is very violent, the jar breaks the collar- 
bone about the middle. The shoulder is not a 
universal joint — that is, it cannot move in all 
directions, but it practically does so, as it is not 
stopped by the pressure 


of flesh against flesh in • ' 

any direction, excepting ^ — 

inwards, when the arm 

is brought against th « \ xW 2 

side. In an upward )3 ^p 

direction, however, wo 

cannot raise the arm A 

above the level of the 

shoulder, because the _ . 

end of the collar-bone THREE 

and the Hrm-hone then Tiippirig the ground with 
ana me arm- none men „u the toefi. 3. Raisint 

come together. If we 

wish to raise the arm higher, the shoulder itself, 
being movable, is tilted up. The joint has 
muscles on all four sides, which pull the arm 
upwards, downwards, inw'ards, jind outwards. 

Now the hip, though a universal or ball-and- 
socket joint, dift'ers from this in nearly every 
particular. While the chief peculiarity of the 
-shoulder is its elasticity and its free mobility, 
the hip is noted for its great strength and lirm- 
ness, and limited pow'er of movement. 

The. hip-joint is - 
perfectly rigid, and 
never moves itself, 
the socket being 
part of the, strong, 
bony pelvis. 

Although the thigh 
can move in every 
direction to a slight 
extent, it cannot 
move very far in 
any. Its foiward 
movement, wliich is 
the greatest, is 
chocked by the 
meeting of all the 
fleshy part of the 
thigh with the 
abdomen. Its back- 
ward movement 
beyond a straight 
line with the i>elvis 

is checked by a 72 . MODEL AND DIaORAM 
.strong fibrous band raises 

that stretches across 

the front of the joint. The movement inwards is 
checked by the other leg, and outwards by other 
bands, and by a strong cord that fastens the ball 
of the head of the femur to the bottom c t the 
socket of the hip-bone of the pelvis. It is 
surrounded with poworf ai muscles, except on the 
inner side, where they are^weak 

How we Stand UjbHi;ht. Some other 
joints may be ' cc.nsidered as we look at the 
phenomenon of the erect position in man. At 
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shoulder, therefore, we look at the means by which it is attained that 
c., are broken by the we see what a feat it is to stand upright. The 
ier itself, and by the attitude itself is peculiar to man, and is not 
If tlie shock, how- natural even to the anthropoid apes, 
ar breaks the collar- Let us consider how this position is maintained, 
he shoulder is not a We will begin at the forndation and go upwards, 
cannot move in all This tall column, (i ft. high, more or less, called 
' docs so, as it is not the body, is balanced on the front of the feet 

(about 3 in. square), 
\ 1^ ^ ^ upon the two h^els 

^ ^ iivv (about 2 in. square). The 

. toes are in front of the 

I \ x\\ 2 \ II 1 . ^ ^ body, and, if the latter 

p)^p J I tends to fall forwards, 

press firmly against the 
ground to prevent it ; 
i~ the heels, too, are be- 

-4 , hind to prevent the body 

71. THK THREE ORDERS OF LEVEES backwRlxI^ 

» the body tends to 
fall sideways, the foot 

, the shoulder itself, on the side towards which it leans, pressing the 
up. The joint has ground, restores the balance, 
which pull the arm Having the two feet, then, firmly planted, 
Is, jind outwards. the two legs come next. They are hinged at 
laiversal or ball-and- the knee, and would naturally fold up back- 
his in nearly every wards if not forcibly kept straight. The 
f peculiarity of the muscle (hat does this is the powerful extensor 
id its free mobility, of the h'g, which, passing down in front of the 
t strength and linn- thigh, crosses the front of the knee, is fixed 
Lovoment. intp the knee-cap, and continiu*d (lowii to the 

top of the shin, or 
the tibia, w^hert^ it 
ends, and so braces 
the l(*g straight. 
The leg cannot fold 
forwards because of 
the crucial ligament 
in the knee-joint, 
neither ean it twist 
to one side or the 
other. 

Necessity for 
Standing Erect. 

Now we have the 
two tegs upright, 
how are we to 
balance the body on 
the two balls of the 
hip - joints without 
falling over ? For 
it would naturally 
appear that w© 

ODEL AND DIAORAM SHOWING HOW THE MUSCLE should topplo for- 
RAisEs THE ARM Ward or backwards 

unless incessantly 

movement inwards is braced up by muscles before and behind. * Here, 
d outwards by other however, we come across a beautiful contrivance 
that fastens 1 he ball for saving the dreadful fatigue a muscle would 
o the bottom c t the undergo by such a continued effort. There is 
the pelvis. It is no danger of the hip-joint folding up forwards 
ascles, except on the in the erect position, as the body is heavier 
3 ak oehind the joints, and the strain is rather to 

li;ht. Some other prevent the body from falling backwards, 
as we look at the From the front on each side of the pelvis, there- 
:>sition in man. At fore, passing across the front of each joint, and 
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fixed just below • in the front of each femur, 
is a band of fibres, not muscle, so strong that 
nothing can break or stretch it. Tf we stand 
quite erect the whole strain is thrown off the 
muscles on to these powerful bands, which, 
when put to the full stretch, just allow the legs 
and body to extend in a straight line, but not 
more ; so that the body by this means is 
balanced on the legs without fatigue. I'hose 
who have not learned to stand thus, soon tire. 

The spine, being firmly fixed iilto the- 
bones, is first bent forward, to throw the weight, 
of the heaviest part to the front, and then, 
as the weight gets lighter, it bends backwards 
between the shoulders, and forwards again in 
the neck, there being no joint that can double* 
tip between the hip and the neck. At the neck 
a good deal of the strain of keeping the head 
erect is taken off by an elastic ligament like a 
strong indiarubber band, which passes from tlur 
occiput to the spint% and so keeps the head erect 
without appreciable effort. 

Horses which have a long lu^ck, and a heavy 
head to hold U]) at the end of it, have a similar 
hand of inuiu'iisc' thickness running from the 
head along uudt'r the mane to the shoulder. 

The human body, then, tends to fall back- 
wards below, and forwards above ; that is, 
th(*re is less supj)ort for it l)ehind at the heels 
than forwards at the toes ; so the. ankle, knee, 
and hip would all fold backwards if they could, 
while the head would drop forwards on to ilie 
chest when the muscles are relaxed, as in sleep. 

Arrangement to Preserve the Brain 
from Shock. Before leaving this subject 
the contrivances to ])reservo tlie brain from 
shoclc are worth noticing. Passing from above 
douTiwards, we notice first that the brain itself 
IS saved from all jars by not touching the base 
of the skull, but floating on a sort of water-bed. 
In the second place the spinal column is a double 
curve, forming a double spring, thus breakinf^ 
shocks ; and, thirdly^ the pad of cartilage inserUd 
between each jiair of vertebrae breaks all jars 
iravi*lling u]) the bones. Fourthly, at the fourth 
uair tlio base of the spine is wedged into the 
pelvic arch. In this ease the keystone is inserted, 
betwecii the/^ two side bones, ujiside down, so 
that the broadest part of the sacrum looks 
ciovoiward and forw.ards, and the narrow end 
p<iints backwards and upwards. It is thus 
slung between the bones in such a way, like a 
carriage hung on “ C ’* springs, that every jar 
U[ wai ds or pressure downwards tends to separatcj 
the keystom^ from the arch instead of jamming 
the bones together, and so reduce the shock. 

The fijth contrivance is that the head of 
the femur is at right angles to the shaft, which 
alone reduces the force of shock one half. 

The is the slant of the femur to the 

middle lino ; and 1 he seventh is at the knee, where 
we have between the bones two strong pads of 
cartilage to pre^^ent all jarring. 

The eighth is the keystone which forms the 
instep of the foot. In this case it is set in the 
usual way, with the broad end uppermost, and 
the narrow end below resting on a stout band of 
fibres, which breaks all jar. 
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The ninth and last is in the foot, where the 
hinder pier . of ‘the arch comes straight down 
to the ground, and is formed of one bon(\ callrd 
the heel ; hut the front pier slopes voi*y gradi^lly. 
like a spring, and is comjiosed of tweutj^our 
bones. Thus, w<i get in the foot-arcli solidity 
behind and elasticity in front [6, page' 101]. • 

Walking. The movement of thc^ body 
from place to place is the result of cumlaned 
action of many muscles. In th(^ act of walking 
the muscles of the arm should b(‘ entirely 
relaxed, as they are not retpiired in any way, 
and the arms should l)e Udt to hang naturally. 

In starting to walk, say, with the right leg, 
the muscles of the calf raise the heel from the 
ground, while the muscles in front of the ab- 
domen pull the body a little fo!ward, still 
further raising the riglit heel. When the body 
is inclined forward to a certain extt'ut, it would 
fall over were it not for the next act, which 
consists in allowing the left leg to move forwards 
to support it. This is done partly by a pendu- 
lum-like, swing, and partly by a forward pull 
of the muscles in front of the tliigh. 

The left leg is now in front of the body, and 
the balance is rt'stored ; but the right leg lias not 
ceased to act yt't. It continues to push the body 
still further forwards while the musdes in front 
of the trunk still pull it over, until it is in ad- 
vance of the left leg, tlnis raising the right 
leg off the ground and allowing it to swing 
forwards in its turn. Walking thus dep('nds on 
])ushing upwards with the lt*g and pulling for- 
wards with the front of the trunk. As llie 
body is supported alternately on each leg, it is 
inclined a little from side to side, so as to throw 
tlui weight fully on it, and'*prevent falling over 
sideways. Thus the body in walking is con- 
tinually rising and falling, and swaying slightly 
from side and side. 

Jumping, Running, and Hopping. 

Jumping consists in a spring off the ground, 
caused by the sudden contraction of both 
calves forcing th(' toes so violently against the 
ground that the body is jerked into the air. 

Hunning is a series of short jumps with each 
leg alternately, so that both fet't are constantly 
off the ground at the same time. The body Is 
inclined still more forward than in walking. 

Hopping consists in a jum[)ing on one leg, 
caused by the most violent contraction of the 
muscles of the calf of which they .ire capable. 

Wo may, in conclusion, note that movement 
is by no means a necessary sign of strength, i 
Babies move all their muBclcs a great deal, and 
often without much reason, because their minds 
have not yet got much control to quiet their 
movements, but the older and stronger a person 
gets, the less he moves excepting when he 
wants to do so, because has all his muscles 
under control. To keep constantly moving, 
therefore, does not show that wti are strong, 
but may indicate that the brain power is Veak. 

In the locomotor, as in all other systt'ins of 
the body, then* are control centres that prevent 
unnoci^ssary or exctjssive action, and tend to 
promote a steady, healthy condition. 

A. T. SCHOFIELD 
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A SHIRE HORSE 

Ttio photographs of these prize- winucis are reproduced by courtesy of Measr*^* Chlvers A Sons 
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Famous Breeds. Rations for Horses at Rest and at Work. The 
Farm Horse. Breeding and Breaking-in. The Age and the Teeth. 

THE MANAGEMENT OF HORSES* 


Our Breeds of Horses — The Shire. 

This magnificent breed was formerly known as 
the Old English cart horse, and was practically 
made in the counties of ].iincoln, (Cambridge, 
Derby, and Notts, but it gradually extended 
to adjoining counties, and subsequently to 
ev(*ry part of England. Since the cstablish- 
m(‘Tit of thc' Shire Horse Society th(* Shire has 
become one of the most j)opular horses with 
farmers and landowners. It is chiefly black 
or dark brow'n, with white marks on the face 
and feet ; bays are occasionally seen, but other 
colours are rare. Tt often r(*aches 17 hands 
in height, and in a good specimen the girth is 
from 7 ft. in. to 8 ft. fi in. While highly sym- 
metrical in form, it may be described as “ much 
in little.” In build the Shire is square and 
massive, jiossessing a big chest, a short back, 
powerful shoulders and loin, long quarters, 
deep, well-sprung ribs, muscular thighs, legs 
short b(‘low' the knee, heavily clothed with fine 
silky hair or feather, and short pasterns. The 
lu‘a<l is long and fine, but broad between the eyes ; 
the neck arclu'd, and thc feet large and wdde ; 
th(‘ body lines are highly symmc^trical. The 
wt'ight of good specimens exceeds 2000 lb. 

The Shire is a fast and active walker, and 
IS largclj^ bred by farmers, many of whom 
keep pedigree mares for the purpose, which they 
employ in their teams on the land. The produce 
is chiefly sold for heavy draught pur])ose8 to 
brewers, (airriers, and the like. Tlie Shire 
is perhaps the most [lowerful horse in the world. 
It i.s docile anti intelligent, and is believed to be 
d('sc(*nded from the old English war horse, 
an animal of much smaller si/e. (ireat prices 
are often obfainetl for prize- taking stock, and, 
chiefly owing to exhibitions, the breeding of 
this animal ha.s become; an important industry. 
I'edigree stallions owned by w'ealthy landowner-s 
an<i farmers or hired by sociidies t raved through 
I lost parts of England. 

The Clydesdale. The (dydesdale is the 
draught horse of S(;otland, chiefly used for the 
heavy work on the farm and the drawing of 
he avy lotuls in the great centres of population. 
Ill eolour it is usually dark brown or black with 
white markings ; liot quite so large as the Shire, 
it reaches a height of Ifi to 10} hands. While 
symmetrical in form, it is massive and powerful, 
possessing a gentle dis[)o.sition and great activity 
for its size. The head is well formed, the neck 
arched and strong, the shoulders oblique, the 
back short and hollow, thc chest wide and deep, 
the ribs round and well sprung, thc quarters 
strong, the thighs powerful, the legs muscular 
and straight, and the bone, like the knee, flat, 
the pasterns si ping, and the feet broad and 
strong. The Clydesdale is a fast and free walker. 


and is on oiu* side descended from stock im- 
ported from France. 

The Suffolk. This variety, wliich is chiefly 
confined to East Anglia, is, on account of its 
heavy body and short limbs, known as the 
Suffolk Punch. Its colour is almost invariably 
chestnut, although varying in shade. It is 
active, courageous, and strong, walking and 
trotting easily ; averaging about Ifi hands in 
height, it sometimes reaches lfi‘2. and weighs 
from 1850 up to 2200 Ih. The Suffolk possesses 
a nofit head, a short neck, powerful shoulders, a 
well-rounded body or V)arrel, wdiich is massivi* 
as compared with the legs whicli. support it. 
The forearms are short and stout, the* thigh 
muscular, but the legs are light in comparison 
with those of the Shire and Clydesdale, and 
carry no long hair. Thc pasterns are short and 
strong, and the feet snuillt*r than tliosc of oth(‘r 
heavy breeds. 

The Thoroughbred. The thoroughbred, 
or race horse, is the produce of our ancient native 
breed crossed W'ith the Arab and other horses of 
Eastern origin. 1 1 is a somewhat ner \ ous crc*ature. 
exhibiting great speed, spirit, courage, and en- 
durance. In build it is graceful, with fine skin, 
silken hair, and plenty of sinew. Uiuh*r the 
management of a Fioyal (.Commission money is 
annually awarded to selected sires, which are 
distributed throughout the country for the use 
of farmers and others at low fees. The object 
is the j>roduction of hunters, carriage*, and other 
saleable; horse's, which the* thoroughbred is 
well aela])teel t o pre)duce* whe'ii crossed on sclecteel 
mares. The he*ael, although wiele in the nostrils 
and the forehe'ael, is fine, osj)eeially at the 
muzzle. The ne(;k is long and slender, the 
.shoiiltlers long and fiat, tlie loins short, the 
quarters muse*ular, the logs long and Ihit, but 
short from the kiie'e* tee the pasten-ii, which is 
e'lastie, the forearm and thigh long, the; chest 
high, and the conslitiitioii e‘xe;eptioiial. In 
t;olour the; thorough bre'd is usually bay, brown, 
or chestnut, e)the'T colours being comparatively 
rare. In he'igbt it reniches up to 17 hands ; 
according to one of our be'st authorities. Sir 
Walte'r (iilbt'y, the* lu'ight of the racehorse was 14 
hands in 1700, I4-.3 in 1800, and 15-25 in 1900. * 

The Cleveland Bay. This is an improving 
breed, wliieh is bred in the Cleveland and 
adjacent parts of Yorkshire; and Durham. 
It is employed on the farm for light draught 
work, fe)r the saddle, and even for carriage* work, 
the mares befing specially adapte;d for the j)ro- 
eluction of carriage-horse'S when crosseel with the* 
thoroughbred. In he;ight it reaclK;8 from Ifi to 
16-2 hands, and its colour is the richest hay of 
any of our native breeds. Thc mane and tail 
are black, and the legs dark. The head is not woll 
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formed, but the nock and shoulders are well set, 
the latter sloping and powerful. The chest is 
deep, the back short, the barrel round, the loim> 
powerful, the 'quarters long and especially weh 
formed, and the legs clean. 

The Coach Horse. Chiojly bred in Yorlv- 
shire, this variety has, like the Cleveland b.' y, 
to which it is closely allied, improved in foim 
and quality owing to the establishment oi" a 
society. The mares are largely employed for 
the breeding of coach horses and hunters. In 
colour the coach horse is usually brown or bay 
with dark legs ; the head is neat, and the crest 
arched, the shoulders sloping, the loins powi rful, 
the quarters symmetrical and strong, the- legs 
flat, and the feet good. The coach horse has 
excellent action, and stands from 10 to 1011 
hands in height. 

The HacKney. This is, perhaps, the most 
striking and Jiopular of the light horses of British 
breed. Its stepping, high action, and spewed 
in harness and saddle combine showiness with 
usefulness. The Hackney is bred is almost all 
colours, although the chestnuts are the most 
popular. It stands over 15 hands, 15*3 being its 
outside height. The breed is the result of 
crossing — it has Arabian blood in its veins - and 
of selection, its neck is of moderate length, 
shoulders deep and slopingi ribs nicely rounded, 
back short, forearms short and strong, and hind- 
quarters broad and muscnilar. The tail is 
placed high, and is invariably docked. The 
Hackney is altogether smart, spirited, and 
symmetrical. Wlum moving, its a<;tion should 
bo from the shoulder and not from the knee. 
The Hackney Horse Society, which has vigor- 
ously promoted the extension of this breed, the 
home of which niay bo regarded as Norfolk and 
Yorkshire, was established in 1883, and holds it^', 
annual show at Islington. 

The Polo Pony, The polo i>ony is a 
wonderful production of the art of the trainer. 
Although the variety lias scarce *Iy become a 
definite breed, really good animals are remark- 
able for their speed, courage, stamina, and 
intelligence. The polo should not be under 
14 hands. It may be of any colour, while its 
formation should be such as will enable it to 
accomplish its work most perfectly. IVlany 
crosses have been made in breeding, especially 
with the Barb and the thoroughbred, the former 
mated with polo mares being prefeiT(?d by 
»some authorities, who regard the Hackney 
as unsuitable for this purpose. There is now a 
Polo Pony Society. 

New Forest, Exmoor, Welsh, and 
Shetland Ponies. The New Forest pony, 
which may be of any colour, although usually 
black or brown, stanii? irom 12 to 14 liuxids. 
It is a plucky, hardy bre<‘d, and may be regarded 
as the survival of the fittest, for large numbers 
of ponies have died in th< Forest in the past, 
whore they are frequently tfttrned out for the 
whole winter. Ut>eful animals may be obtained 
at the Lyndhurst and other annual fairs, but 
many are somewhat difficult to break. Stand- 
ing about 12 hands in height, the Exmoor 
1024 


pony is usually bay in colour, thickly built, 
strong, quick, short-legged, and has plenty of 
stamina. 

The Welsh pony, standing from 12 to 13 
hands, is a thrifty animal, varying in colour, 
duns beijig frequent, and i)o.s8essing sound, flat 
legs and good feet. 

The Shetland is the smallest of British breed-^, 
and stands from 7.^ to 10 hands high. It is 
short in t he neck and back, gentle in disposition, 
furnished with muscular quarters and sound fegt. 

Methods of Feeding. Although horses 
are kept by all sorts and conditions of men, 
feeding is generally practised upon very 
similar lines. The most popular foods in the 
British Isles are hay and oats. There arc, 
how'cver, wide difTereiices in the quality of 
these two foods as employed respectively by 
the costermonger and the huntsman. Good 
oats should be used, and they should be hard 
and thin skinned. Hay should be the flnest 
early cut mixture, containing a sufliciency of 
clover herbage, and it should be fragrant and 
sweet. Oats are j)referably crushed for aged 
hors<‘s aiul horst'sVith bad te(‘tb, while the hay 
should be chalT(*d, the allowaneci never exceed- 
ing 12 lb. daily unless the eireumstanees are 
exceptional. Two or three* jmunds of sweet oats 
or wlu'at straw-chaif may be added to a day's 
grain ration in accordance with the size of the 
animal. Wlu*tlier crushed maize, barley, malt, 
or beans, Imin, middlings, or linseed meal or 
cake, or an occasional mangel or carrot, be 
added to the ratiem, d(‘]>ends upon eireumstanees, 
to which reference will i)resently he made. 

Maintenance Ration. Food is supplied 
to the horse, first, for the purj)oso of maintenance, 
and next, for the purpose of providing for the 
energy exjK'iided in labour. A horse at })erfect 
rest practically requires a maintenance ration 
only — that is, sufliric^nt food to 'maintain the heat 
of the body and the wear and tear of tissue 
w'ithout loss of weight. At^cording to Zuntz, 
a horse weighing 1000 lb. can be maintained 
on a daily ration of hay and grain providing 
()*4 lb. of digestible nutritious matter, of which 
not more than 3 llx in the total ration should 
consist of crude fibre. Grarideau experimented 
w^ith three horses averaging 852 lb. in weight, 
which h(^ maintained upon 17*6 lb. of hay 
dally, of which, on the average, 6 lb. were 
dig(*sted by each, this being the equivalent 
t)f lb. for a horse weighing 1000 lb. Wolff 
found that a horse at rest weighing 1100 lb. 
required lb. of digestible matter excluding 
fibre, this, too, being equal to 6| lb. of fibre-free 
food for a horse weighing 1000 lb. 

Jt should be pointed out that horses digest 
coarse fodder less perfectly than cattle and 
other ruminants, so that, although they require 
loss for maintenance purposes, they need about 
the same quantity for this reason. • Johlan 
accepts a daily ration of 6*6 lb. of digestible 
nutritious matter for a resting horse weighing 
1000 lb., and suggests, among other formulse, 
10 lb. of hay and 5 lb. of oats, or 12 lb. of hay 
and 3jt lb. of bran, or 3 lb. of oats, or 2} lb. of 
cracked maize. 



Feeding the Working Horse. Wo 

have seen that a horse of given weight can 
be maintained when at rest on some (ij lb. of 
digestible' matter — that is, on that portion of the 
dry material of food which is nutritious and 
digestible, *this being regarded as the main- 
tenance ration. The feeder next requires 
to know what additional quantity of food 



A W'ELF.-FURMKI) FlOliSK 
Hirt lieifiht is to Itis Xnt( the linos 

formiiia a wiuaic. Tl\r. ]iictincs on this nagft an* ii< ni 
raptain (Joiumc's “ Jtiiits on Jlorscs," published by 
Mr. Jolin Murray. 

should be jn’ovided for the acconijjlishiiient 
of a given amount of work by a hors(; of given 
w('ight. When wo speak of food in this eonnets 
tion we mean the digestible portion of the 
additional ration provided. An addition to a 
ration having been made, it is imi)ortani to 
understand, although the fact can only be 
approximate, what it means when t.ran.slated 
into energy ; nor must we forget that energy i.s 
exi)ended as well wh<’ii the animal mo\(‘s itself 
as when it is moving its load. Lf‘t us again 
refer to the work of Zuntz, who found that about 
a third of the total ent*rgy provided by food 
could h(} utili.sed in the form of labour. Thi.s 
experiiTumter points out that a horse weighing 
KKH) lb. when walking a mile at the rate of 
from tv\o to three miles an hour would, to quote 
ii'xj n Jordan on the “ Feeding of Animals,” 
“ ovpond a total energy of 473 foot-tons, 44-4 per 
et nt , or 201 foot-tons, of which belong to the 
etToif of walking over and above the energy 
needed for mere maintenance.” Thus, although 
we can only regard the results a.s apj)roximate, 
in walking and drawing a load 20 miles, the 
labour performed would bo (‘qui valent to the 
lifting of 9300 tons one foot. 

Tn feeding a horse it should be remembered 
that speed tells as well as weight. Thus, a hist 
draught horse exjxmds more energy in accom- 
plishing the same amount of work than a slow 
draught horse, and ^wonscqucntly it requires more 
food, although the additional food supplied for 
the accomplishment of additional work should 
bo rather in the form of grain than of hay, 
a large quantity of which is not adapted to 
the limit^ capacity of the digestive organs 
of the horse.. Many authorities regard 12 lb. of 
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hay as a limit. This being so, it follows that tlie 
ration of a horse should be concentrated, well 
balanced, and mixed with chaff, and supplic'd 
more frequently than in the case of ruminants. 

The Food for the Fastest. A hackney 
or nag horse employed for any fast work rec[uir(‘.s 
more food, weight for weight, than a draught 
horse, more energy Ix'iiig expended in a given 
time, so that tho cost of horse labour increases 
with the speed with which it is p(‘rformed. In 
practice, how^cver, horses kept for fast work an^ 
kcqit at rest during more hours daily than 
draught honses ; consequently a balanec is 
struck, and the total food consumed is not 
materially increased, and time is givtm to the 
animal to recuperate. Farmers, as a rule, prefer 
fast horses on tho land, but if such animals an? 
worked the full complement of hours daily, 
they require more food than slower horses, and 
wear out more quickly. In the table which fol- 
lows on the next i)ago are some suggested rations 
for heavy horses. 

Tho ditferenee between the CU'rman standard 
and English practic(\ as shown by the raiituis 
givt'ii by farmers, and suggested by Fleming, is 
remarkable, but in practice ther(i is just as 
much difference in the waaght of the rations 
supplied by farmers themselv(‘s. In many cases 
meadow, mixed, or clover hay is fre(4y sup-, 
plied, apart from tho ^half used in mixing w^ilh 
the corn, while the oats ])rovided on one farm 
may rtJaeh three, bushels j)er week and on another 
only two bushels. 

Proportions of Food. A French observer 
of wide cixperience finds by direct expcTinumt 
that a draught horse in ordinary work n^quires 
12 lb. of digestibh* dry matter per 1(X)0 lb. live 
weight, the proj)orliou of fatty mailer increasing 
w'itli size. On the basis of the argument of 
Zuiifz, if we assume that G.J lb. of dry dige.stible 
matter r(*quired for the purposes of main- 
tenance of a hor.se of 1000 lb., sonu^ 14 lb. of addi- 
tional digestible dry matte r w^ould be required 
were such a hor.se eiigagc'd in walking with a 
draught of lOfX) Ib. on a level road for 20 miles. We 



ACTION OF A HACKNEY HOUSE WHEN TROTTING 


have seen that the ratio between the albuminoids 
of food on the one hand, and the fats and car- 
bohydrates on the other, varies. Experience 
suggests that with inci’cased work tho albuminoids 
should be increased, and consequently the ratio 
reduced. It is for this reason that in heavy 
work beans arc constantly added to oats, especi- 
ally where such work is fast ; but, inasmuch as 
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tho carbohydratos (HUgar, starch, gum) and fats 
are chiefly employed in tho animal economy iu 
supplying tho necessary energ 3 % they may . be pro- 
vided in largtT pro})ortion for slow work, with 
the result that the ratio will be wider. 

The employment of maize in tlu' ration of a 
horse depends largely upon eircinnstances. It is 
inadequate for fast work ; it may be used with 
judgment for medium or slow wmrk. Maize, 
however, is not so safe^ a food nor so well bsilaueed 
as the oat, although, when tlu' price of both foods 
is moderate, there is a wide dilferemce in the cost 
of the feeding matte* 
suppliefl. Let us suppose 
that maisie costs 25s. per 
(puirter of 480 lb., and 
oats 20s. per quarter of 
.*120 lb.- -this weight pro- 
viding a good sainplo. 

Aeeording to the following 
tigurcs, 100 lb. of maize will provide 73*8 lb. 
of digestible dry matter, w4iilc 100 lb. of oat-s 
would provid(? only 57 lb. ; the cost of th(^ 
former would be 5s. 2.^d., and of the latter 
Os. 3d., or, in other words, the nutritious matOa* 
of the maize would cost -850. per lb., and of the 
oats l*3d. per lb. ( See table, j 

The third table is a suggest('d ration, to 
include maize, for a horse weighing 10(H> lb. in 
moderate work, the figures being apfiroxiinate. 
With the same w^ught of maize; and hay, the 
oats might be re]flaeed with 5 lb. of barley or 
(> lb. of bran, or 6 lb. of desicoati'd grains ; but 
a change; should be gradual, the complete 
alternative never being immediately efl’ected. 
Jforses fed on such a ration should, when 
subjected to severe work, receive an increase 
in the quantitv of oats, in addition to 2 lb. of 
beans daily. In all cases the horses of the farm 
benefit by an occasional warm bran mash, w^hieh 
it is customary to supjfly on the Saturday night, 
or an occasional handful of linseed meal, or of 


crushed linseed cake, the albuminoid 
ration being maintained at about 
1-5. The moaning of this ration 
it is now necessary to explain. 

Albuminoid Ratio. The 
term moans the proportion between 
the albuminoid and* the non- 
albuminoid digestible matter of 
food. Nitrogen is a leading 
ekuuent in all albuminoids ; it is 
not present in cither fats or 
carbohydrates. Were, we, how'cver, 
to describe the two sets of con- 
stitu(‘nts as nitrogiuious and non- 
nitrogenous, we might mislead, 
inasmuch as a portion only of the 
nitrogenous eonstitiicnts of food 
is utilised in the animal economy. 

The Purchase of Horses. Tn buying 
a horse ail expert may be deceived. The 
amateur is, therefore, advised to employ pro- 
fessional h(‘lp, and thus to minimise his risk. 
Those aeiuistomed to liorses, howevi'r they may 
trust their own judgment in other respc'cts, will 
do well to (;mploy a veterinarian to examine a 
proposed ()urehas(‘ for health and soundness. 
A horse shbnld iirst he seen at home in the 
stahhs and overliauled in eemy particular. 
The obj(*(it should he to asMU’tain if there is 


vice, unroundners in body or limb, and tliat the 
ag<* given is eorre(*t, as sliown by th(‘ te<*th. 
Whether led at tlu; walk or the trot, driven or 
ridden, it is well that a disintiu’ested and capable 
groom or coachman should !)(* einjiloyed unless 
the purcliaser can trust hims(*lf. For his first 
examination the animal should he led to a level 
Sjjot, where his teetli, eyes, w'iiid, hearing, umue, 
withers, and limbs may be examineil in turn. 
»Somc;thing may b(‘ learned from the way he 
stands ; hence he should be looked over from 
both front and bai;k. H(; should stand firmly 
and four-square, not resting a weak limb or 
tender foot. He should be walked and trotted, 
ridden or in harness, and, in tin; case of a 
draught horse, be placed in a loadi'd cart, 
which he should be required to draw and to 
back. Again, he should be t<;sted for shying, 
ki(;king, and even bolting, as well as for any oth(‘r 
vices which may be suspected. 

A sound horse vshould be able to see and 
hear clearly, and be afraid of nothing ho sees 
or hears. On return to the stable, he 
should not exhibit timidity, or temper, 
or weakness of w^ind or limb either im- 
mediately or after a lapse of an hour. For 
such troubles or diseases as spavin, ring- 
bone, splints, sandcrack, navicular, fistula, 
poll-evil, and the like, as already suggested, 
an expert should bo employed. In selling 
a horse a warranty should never be given. 


Fowl. 

Dry 

Dr '.'ll! . 

Albuiiii- 

ihikIh, 

C.'irlm- 

IiyrlnitON. 

I it. 

121b. Hay 

0*7 

•70 

6ir> 

•15 

« lb. Oats 

.50 

•63 

2-60 

•2.5 

5 lb. Maize 

4-2 

•42 

1 2-90 

•26 

2 lb. Straw-chatT 

1*6 

•02 


•70 


~20'ir 

1-67 

j 10-65 

1-36 18-67 


RATIONS FOR HEAVY HORSES. 
(For Coat.) 




Dry 

tii:itt4<r. 

Alhitiiii- 

iioidR. 

Fat 

Carbo- 

113 -drsO.i'a. 

Rjitio. 

Horse at heavy work, wriKhinj? 
1,000 lb. (Wolff) .. 

25-5 

2-8 

0*80 

13-4 

1-6-6 

Do. inoderato work . 

22-5 

1-8 

0-60 

11*2 

l-T 

Heavy horse at regular work 
(Fleming). Oats, 18 lb. ; 
beans, 2 lb. ; bay, 1 8 lb. ; 
straw-chatf, 2 lb. 

32-8 

31 

1*05 

16*5 

1-5-9 

Farmer’s summer ration (Mc- 
Connell). Oats, 10 J lb. ; beans 

2 lb.; chair, 2 lb.; grass, 100 lb. 

34-8 

3-4 

Q-g ! 

18-6 

1-6 

lierman standard for a horse 
weighing 1,000 lb., in mod- 
erate work 


1 

i ; 

11-4 

1 

1 - 


Do. in average work 

— 

- 

1.3-6 


1 

Do. in heavy work. . 

— 

— 

16-6 

: — 






Di^tOHtlblo 

and VulnliMiis, 



|)f| Jit, 

Food. 





DiifCMtlble j 
lb. |)fi 1 

i 


lb. 

I’l Icr. 

Mbuiiii ! 
Ilui.R j 

Carb.- 1 ’ 

Mlr.itfH j 

100 Ib. 

DlKrstiblo. 

Fruce. 

Ha i 7.0 

60 


\ 8-'4 j 

1 

60 -6 ■' 4-8 

-7.V8 1 

6/24 

0-85 

Outs (good). . 

; 40 

1 2 6 

0*0 j 

4;r 3 i 4-7 

1 57-0 ; 

6,3 

! 1-3 
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cither verbaUy or iii writing, if there is a shadow 
of doubt on any i)oint, for it includes faults of 
which the owner knows nothing. On the other 
hand, a buyer should ciuloavour to obtain a 
warranty for self-protection. 

Horses for the Farm. The farm horse, 
being required for heavy draught work, as 
idoughing and rolling, drawing loads of 
manure to the fields .and corn to the station 
of the merchant, requires groat strength and 
endurance, as well as speed in walking. The 
object in breeding, therefore, is to obtain these 
qualitieations. Ho must be of largo size, well 
formed, tho muscles being prominent where 
they are most needed, and tho l(‘gs and feet 
absolutely sound and strong. Constitution 
demands plenty of room in the eliest, which 


The Mare. The plan is a good one, but 
never should a weedy, unsouiKl animal be 
employed as a dam. Jf a mare has a p(‘digroe, 
which in large part means reliability of consti- 
tution, so much the b«‘tter. She should ho in 
good condition, and without any serious fault, 
and the younger tlio better, although in many 
cases mares are employed for breeding up to an 
advanced age. Both sire and dam should be in 
tho full vigour of life. The mare conus into 
f^eason from seven to ten days after foaling. 
The breeding mare may be worker! nearly to the 
date of foaling, but she should obtain a rest of a 
few days under any circumstances. Parturition 
occurs about eleven months after service, the 
date of which sliould bo kept, and, as tho time 
closely approaches, it will be noticed that tho 



A GUOIJP OF .SIIKTI.AN1) 


should 1)0 deep, })road, and long, well-arched 
ribs jirovuling j)lenty of room for heart and 
lungs. Add docility and good temper, and 
we sliall not bo far wrong. 

Horses for Breeding. Tn selecting stock 
foi brooding, it is important that tho stallion, 
or sire, should have a long, straight head, and 
bioad forehead; short, wide;, muscular loins; 
prominent, woll-curvcd ribs ; a belly proportion- 
ate to tho size of the animal ; fore legs whch arc 
straight, squarely set when looked at from the 
front, and not too far under the chest. TIu; 
hind logs should bo equally square, well formed, 
straight, without tendency either to bowncss or 
what is termed “ cowhoek.” The feet should be 
well formed, sound, neither turned inward nor 
outward, and always lirmly planted on the 
ground. There should be neither defect of 
eye nor ear, still less of breathing. In a 
word, it is imperative that for reproductive 
purposes both sire and dam should be in perfect 
health and vigour, and as nearly perfect in form 
and temper as pOo.sible, In many cases, mares 
are kept for field work, and are also used for 
breeding purposes. 


mldiT b(‘gin.s to expand. 'J'lio mare usually foals 
without assistance, wiiether on the p/istures in 
suftiiieutly mild weather, or in the loose- box, 
where she should l)e subs(‘quently kept for a 
few days prior to turning out with lier offspring 
on a fine, warm day in a paddock. 

After foaling tlui mare should receive a few 
bran mashes' and an occasional mash of boiled 
roots, with cruslu'd oats and sweet hay. The 
box should be s|)ccially eleaiiod, purified, and 
littered with elean straw before foaling. If 
green food bo available, it should bo gradually 
introduced, unless the animal has been receiving 
green rations beforehand. Until maro and foal 
have been hardened off to ou^tsido exposure, 
they should n'tiirn to the loose- box at night ; 
subsequently both will benefit by nuuaining 
altogether upon a dry, yet soft, turfed pastures, 
on which they may be fed from a movable crib or 
manger from day to day. The mare should be 
kept in condition as well for tho benefit of the 
foal as for her t‘aiiy return to work, and the 
foal should bo liberally fed from weaning onwards. 
Without good feeding, size is unattainable, 
especially on poor soil. In the rearing of 
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young horses, it is important that the b<*st grass 
should be plaecd at their disposal, but it should 
be neither short nor wet, many foals being lost 
upon boil), and on many parasites abound. 

Weaning Foals. When the mare returns 
to work, the hours during which she should be 
(nni)loyed should be gradually increased, but 
she should never work too long in the day before 
weaning, nor return to her foal while still warm, 
both jwaetices being liable to cause diarrhani, 
or scour, in tlui youngster. A strong foal may 
l>c weaned at the age of six months. Jf he fecals 
well, his ration of oats may then be increased, 
but the food supplied should always be of Ibe 


then a bush harrow, made on the framework of 
a hurdle or an old gate. This will prepare the 
way for attachment to a chain harrow, and 
subsequently to the jdough, the roller, the 
w^aggon, and the cart. At first the experiment 
may he a short one, gradually increasing until 
the colt becomes tit for a short day’s work. He 
should be encouraged by word and act, and 
rewarded on his return to the stable. In this 
way a colt may be gradually brought into 
daily work at the age of two and a half years. 

The Age of the Horse. The adult 
male possesses 40 teeth, and the female .‘Ki, 
the temporary teeth in each sex numbering 24. 



best. Extra care should b(i taki*n with young 
sto(;k in wint(T, and yet there should be no 
coddling. Colts may be turned into a well- 
sheltered, or cover(‘d yard, where they can lie 
dry, and wliere they are ju’oteoted against 
biting winds and driving rains. Th<^ colt may 
bo castrated at from 12 to 15 montlis. 

Breaking. Farm colts and fillies are more 
easily brok(‘n than those of almost any other 
class. The breeder should make friends ‘ with 
his stock from birth. Thus breaking Ix^comes 
extremely easy, and almost wdlhout any effoi*t 
a young animal submits to the halter and 
subsequently to harness for the plough or the 
waggon. There should be iio suspicion of hassh- 
ness or cruelty in w’ord or d< i'd. When, the 
gradual introduction of the halter, the bridle, 
plough chains, and other harness, the young 
animal is submissive, he may 1/e placed in 
harness by the side of a sttsady old horse, and 
induced to assist in drawing a log of wood, 
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Tliese t(‘eth are succei'ded by the permanent 
tt*eth, whi<'h b(‘giii to appear at from two to 
two aiifl a quarter years from birth. Where 
horses mature early, and where they are accus- 
tomed to eat eoarser food than usual, tlie 
permanent teeth sometimes appear earlier than 
is normal. The 12 front teeth, top and bottom, 
are known as incisors, while the molars number 
24, of whieh only 12 arc temporary. In the 
male, however, although they are occasionally 
found in the female at from eight to nine years, 
there arc four canine, or corner, teeth. In the 
young animal the mouth is complete with the 
temporary teeth at two years, and with the 
permanent teejbh at five years old. The comer 
teeth at this age are but shells, while the middle 
and central teeth are well developed. When a 
horse has reached eight years and is aged, the 
marks on his teeth have been worn away, and 
it is next to impossible to mistake him for an 
animal of younger years, JAMES I<ONG 
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Sulphur and the Halogens. Iodine and Life. Platinum and its Absorp- 
tion of Gases. Copper, Silver, Gold, and Mercury. The New Alchemy. 

THE REMAINING ELEMENTS 


Sulphur. Unlike oxygen, this element is 
a solid at ordinary teinperaturos. It has a 

} ,*ellow colour, is insoluble in water, has a 
iistro of its own quite distinct from metallic 
lustre, melts on heating, and assumes erystallme 
form under certain conditions, two distinct 
kinds of crystals being rccognivsed, while under 
other conditions it is amoiq)l\o\is, and may 
even become (dastic. Sulphur is tlius a very 
conspicuous illustration of the chemical [)ro- 
perty which is called nllolropistn, or allotropify 
and has already been discussed. Both as a 
liquid and as a gas sulphur exhilnts similar 
})roperti<‘s. We have already noticed that, in 
the case of the gas, conditions of temperature 
determine whether tlio sul])hur molecule has 
the formula S,. or the more familiar formula 
So. This element is found in the native state in 
Sicily and in other v’olcanic r(‘gions, and a largo 
pi'oportion of the sulphur in eommereial iis(‘ is 
obtained from these native dejiosits. Iron 
pyrites also yields a ccitain proportion of 
commercial sulphur. 

An Important Ingredient of Living 
Matter. This olomeiit is of very great interest, 
from many points of view ; it has for long Ihmmi 
regarded as an absolutely (‘ssential eonstitmait 
of living matter, ranking in tins ri'spect with 
carbon, oxygen, nitrogen, and hydrogim. Some? 
experiments by Dr. (duirltoii Baslian, hMi.S., 
now in process of ro])etition by other observers, 
appear to show that sulphur may, however, not 
be essential as these four other elements are - 
ihat is to say, that certain very lowly forms of 
life may jiossibly survive without it. This 
uncertain exception apart, sulpliiir inust cer- 
tainly bo rc'garded as a most important ingnalicnt 
of living inatter, and, therefore, of the food of all 
living things. It is taken up by the plant in 
the form of the conij)ouiids called sulpliates, 
aiul is built up into various oomjdex compounds 
tl’ it iire if use to animals, which live either upon 
plants directly or upon other animals, whicli, 
in .ht‘ir turn, live upon plants. 

Sulphur also has very marked uses, though 
with a comparatively small range, in medieim*. 
Wliether applied externally, as in the form of an 
ointment, or taken by the mouth, sulphur owes 
all its medicinal actions and virtues to its 
formation in the body of coin})oiinds, the 
essential constituent of which is its compound 
with ox>gen (SOo). This compound is really the 
anhydride of an acid, sulphurous acid, which has 
the formula HoSO.j, and which is to be carefully 
distinguished from the more familiar sulphuric 
acid, which is more completely oxidised, and 
thus has the formula HoSO^. These are 
disoussod later. 


The Halogens. The derivation of this 
term has already be(‘ii explained, and the four 
numibers of this very well defined group of 
elenu'uts have been named fJunriuf, chinriuc, 
bromine, iodine. These are all cheinically aelivi' 
in a high degree, and none of them is found 
free in iial ure 

Fluorine. Fluorine is found eluofly in 
tlie form of fluorides, such as calcium fluoridi‘, 
often called fluor-spar (DaF.^), and eryolil(‘, 
th(‘ doubl(‘ fluoride of sodium and aluminium. 
Minule traers of ealeium fluoride occur in tlie 
teeth, but are po.-sibly not to be looker! iqioii 
as morr^ than accidental; traces of this .sa.lt 
are also occasionally found in the hour's. Ja'ss 
than thirty years have elapsed since this 
elemrmt was isolated by elect rrflysis. When 
obtained in elemr*ntal form it is found to be ;i. 
gas with a faint grra'iiisli eolour — though, 
perhai)s, pure tluoriiie has scarcely any colour 
at all — and makes violent chemical attacks iqion 
almost' evr'iy known substance, oxygen and 
nitrogen, bovvevr'r, being consj.iicuoua excep- 
tion.s. Hence it is an exceedingly diflieult 
<‘I(‘iuent (o keep in its (‘K* mental fr>rm Inder'd, 
tlunx*. is no known material of wliirdi to make 
vt'ssels that will not be susceptible to it.s attacks. 
1110 best sulxstauce a|>p(‘ars to be an alloy of the 
two rar<‘ metals, platinum and iridium. By far 
the most important compound formc'd by this 
(‘lemr'iit is know n is hydrofluoric acid, which has 
th(? formula H F. This acid exactly corresponds 
to the most important acids formed by the 
other halogens — namely, hydrochloric aeirl 
(Ff(’l), hydrobrornic acirl (HBr), and hydriodie 
acid (HI). Tlu‘ gr(*at Freneli chemist who tirst 
i.solatt'd the element, M. Moissan, and Sir James 
Dew'ar are noted for their researches in regard 
to the propeiti(‘s of fluorine, and to their dis- 
coveries lhei(' has been added the interesting 
demoiisfratiou ihat oi'rtain chemical actions 
can occur ev(*n at extremely low' temperatures. 
Notable among these* is the union of hydrogen 
and fluorine to form liydrolluoric acid. It had 
been supposed tlmt at very low temperatures, 
such as that of liquid air, ehemicail action could 
scarcely oeeiir, but it has now b(^en shown that 
there yet remains for the eh(*mist a hitherto 
unexi>Ion*fl rt'gion of vast im])ortance, w'hich Sir 
James Dew'ar calls low-iempernlure chemisin/. 

Chlorine. Chlorine is also a gas, with a 
decided ycllow^-greiai colour, to which it owes its 
name {Greek — chloros, green). Tt has a number 
of uses, and has to be obtained from its < om- 
pounds in sea-w'ater and elsewhere. The only 
method of its preparation that need be quoted 
is that which depends upon the interaction of 
hydrochloric acid and the dioxide of mangatuvse. 


THIS GROUP EMBRACES THEORETICAL AND APPLIED CHEMISTRY 
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What happens is that the oxygen of the latter 
turns out the chlorine from the hydrochloric 
acid, some of the chlorine combining with the 
manganese and some going free. 'J’he following 
equation represents the action : 

MnO„ 4- 4 HCl = - IMnCl. + 2 H.O ^ CL. 

Like fluorine, Ihough in loss degree, this 
element is chemically very cnergef io, and in its 
undiluted state is scarcely less dangerous to 
work with. Pressure and cold readily convert 
it into a yellow liquid or solid. Also, like 
fluorine, it has great affinities for hydrogen, and 
will actually take this element — with which it 
forms hj'drochloric acid (HCl) — not only from 
organic compounds which contain it, but also 
from its extremely powerful combination with 
oxyg('n to form water. 'J'hus, while chlorine is 
soluble in water, it very readily decomposes the 
solvent, keeping tlic hydrogen and displacing 
the oxygen. This oxygen, at the monient of 
displacing, is nascent, and has the properties of 
any nase(‘nt ehunent, as we showed when dis- 
cussing peroxide of hydrogen. Hence, ehlorirui 
is, though so indirectly, one of the most powerful 
of all oxidising agents in virtue of its power of 
liberating nascent oxygen from water and otlu'r 
substances. This property of chlorine is chiefly 
used in order to bleach various Tnat(‘rials, which it 
does by thus oxidising and altering the colouring 
niat;t(*rs that they may contain. Tlu* explanation 
we have given of the oxidising proj)er(i(‘s of 
chlorine will enable the reader to umh^sland why 
the dry gas has no such ])roperties. Chlorine^ is 
inimical to every form of life, and is thus probably 
the most certain and searching of all kjiown 
disinfectants, though also, unfortunately, the 
most undiscriminating. This property also 
doubtless depends upon its oxidising action. 
Nevertheless, chlorine, when combined with 
other elements, has veiy different relations to 
living matter, for certain chlorides— especially 
sodium chloride, or common salt (Xa('l) arv. 
necessarj^ constituents of the food of i)ractieally 
every living thing. I t) 5 

Bromine. As wo advance in the series of 
the halogens, we pass from, bodies which arc 
gaseous at ordinary temperatures to one which 
is liquid at those temi)eratur(^s, and finally to 
one whicli is solid, firomine, the third member 
of the series, is a liquid (w ith a dee]) red colour) 
that readily evaporates, producing a gas which 
has a disagreeabl(‘ smell (Greek — hromos, a st ink). 
In general, its j)ro])erl i(*s closely resemble those 
of the ]>r(‘vious members of the series. It occurs 
in nature mainly in the form of bromides, many 
of which are of imj)ortance in medicine, in 
photography, and for other ])urposes. 

Iodine. Iodine is a dark crystalline solid at 
ordinary temperatures, but readily evaporates, 
forming a violet- coloured gas. It is much 
less soluble in water than its predecessors; 
the vapour is very irritant, and has a similar 
action on the lungs and air passages to that 
exerted by the ether bnlogcms. While chlorine 
is of great use in modiciiie, indirectly, in virtue 
of its extremely marked antiseptic properties, 
iodino is used in mediime directly, occasiontally 
internally, and very fret'uently externally. It 
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is still more valuable in the form of its salts, 
especially the iodides, such as tho iodide of 
potassium (Kl), which is obviously the potas- 
sium salt of hydriodic acid. 

Iodine and Living Tissues. When 
iodine, in its elemental form, is brought into 
contact wnth living tissues it exercises very 
marked actions. These are best illustrated by 
a consideration of what ha{)}>ens when a not too 
strong solution of iodine is painted on tho skin. 
Doubtless tho element undergo(*s raf)id com- 
bination with certain of the tissues of the skin. 
In one form or other, it is certainly capable of 
being absorbed, and of exerting marked actions 
upon tissues lying at a considerable depth be- 
neath the surface of the skin almost as much 
so as if elemental iodine had been applied 
directly to them. In tho la-nguago of medicine, 
elemental iodine and some of its compounds 
are said to act as nlteraiices, the reason being 
th.at they seem to produce very marki'd cliang<\s 
in the behaviour of various tissues. These 
changes are often so i)rof.mnd and extensive a-s 
to be quite out of ])roport ion, it would iip])ear, 
to the relaiiv('ly small amount of substarKie that 
produces them. Hemu^ it stems |)r()l)al)le that 
the action of such a substance as ioiline may l )0 
comparable in sonu; small measure to the 
behaviour of oxide of hariuui, which is used, as 
we recently saw, in the commereijil process for 
the obtaining of oxygen. 

Mysterious Power of Iodine. Wt* 
have seiMi how chlorim^ acts as an (»xidising 
ag(‘nt, and it seems probable that iodine, whether 
in its elemental form or as an iodide, must havt^ 
the power of transferring o\yg(‘u from j)iaee to 
])lac(‘, or acting as a so-calLd oxygen carrier, 
lH‘ing thus abl(‘, evcui in V(*ry small qmintities, 
to do a very large amount of w'ork, just like the 
oxide of barium, which helps its(‘lf to an extra 
supply of oxygcai, disposes of it. and thus is 
able to re])eat th(5 j>rocess indclinit(‘ly. Of course, 
iti the example wo have quoted, the conditions 
of temperature and ])ressuro are altered by an 
agency from without ; but it is quite eoiiceiv- 
ahle that then^ may be a similar automatic 
nu'chaiiism in the l)ody which ('jiables iodino 
to act/ as it dot's. 

The further and fimil stagt' in t he illustration of 
the sort of process wo are describing is furnished 
by the ferments, that extraordinary group of 
substances tho property of wdiieh is that, by 
their mere presence, and without undergoing 
any ehangi? in themselves, they are able to cause 
the most marked chemical changes in other 
substances with which they are in contact. We 
are far from sii]>j)osiiig that the above sentences 
offer a chemical explanation of the properties, 
of iodine, or of any other alterative substance ; 
but it is, in effect, the (^xfjlanation which is 
advanced by one of the very greatest students 
of the chemical interactions between such sub- 
stances as iodine and the living body — Professor 
Binz, of Bonn. It was not necessary to refer 
to the method by which bromine may bo 
obtained in its elemental form, since elemental 
bromine is of small utility, and since the process 
is essentially the same as that by which iodino 



is prepared. It was in the substance called kelp, 
variously defined as seaweed, or the ash of the 
seaweed, that iodine was first discovered. The 
plant obtains it from the sea-water in which it 
lives, and obtains bromine in like manner.* When 
the ash is distilled with sulphuric acid and the 
now familiar dioxide of manganese, first the 
iodine comes away, and then the bromine. 

Since the first edition of this work a simple 
and invaluable^ use has been found for io<line. 
This element is powerfully antiseptic, and yet 
comj)(irativehj harmless to the skin. The sur- 
geons have found that the 8im]>le painting of 
the skin with a solution of iodiiKJ in alcohol 
completely sterilises it, so that a surgical opera- 
tion can be freelj’' performed. The action occurs 
at once. All the elaborate scrubbings and 
washings and dressings, needing two or three 
days for the best results, are now thus supeu-- 
seded, and the patient’s skin can be sahdy 
prepared, at shorter notice and with no trouble 
or subsequent harm, by this simple method. 

The Halogens and the Periodic Law. 
It is now hardly necessary to say that the 
whole series of halogens ofTors excellent eon- 
tirmatioii of tlie periodic law of Mendele<dT, and 
that the chtunical i^roperties of tlu'se bodies, th(j 
conditions under wdiicli (heir compounds arc 
formed, and their reactions generally, correspond 
in an (‘xtivmcly significant degree to the pro- 
perties which might have been assumed for them 
by anyone who had nothing but ibe periodic 
law from which to argm*. For instance, tlu; 
atomic weight, the boiling point, the specific 
gravity, the tempcraturci at which combination 
occurs with hydrogen, and a whole series of 
further properik^s, follow definite gradations in 
the cast3 of these four (‘lomonts. 

It is not improbable that this group will 
alTonl the most valuabk^ help to the chemist 
and the physicist in their most recent and most 
important enlcri)rise, which is the attempt to 
infer, from what they know of the various 
elements, the details of the atomic structure 
or architecture of those elements, and the exact 
mannc'i* in which, for instance, the atom of 
clil »/ inL* differs from, yet resembles, the atom 
of fiiKiT-iuo, wliilo the difference between the two 
m. -^t consist in. some detail of structure which 
is perhaps repeated or doubled in order to get 
trie further differences reprcsinitcd by the bro- 
tniiu atom, and lastly by the atom of iodine. 

Peculiar Properties of Platinum, 
Plat ilium is a very rare and precious metallic 
eleuicnt. CUiernically, it may be grouped with 
another metal, palladium, and witli certain 
others of very small importance in tlicmselves, 
such as osmium, rhulium, ruthenium, iridium. 
These elements occur in nature uncombined and 
in the metallic state, usually in the form of tiny 
grains in the sands of certain rivers. Platinum 
is thus found in Callfoniia and South America, 
Australia, and the Ural Mountains. 

The processes by w'hich these metals are 
obtained in any quantity in the pure state are 
extremely difficult and complicated. When at 
last metallic platinum is obtained in a form 
that can be manipulated, it is found to be a 
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white, lustrous, silvery metal of a very great 
weight (its atomic w'oight is nearly 11)5), and 
having a number of very important jihysical 
properties. For instance, it is extremely difii- 
cult to fuse or melt, requiring the tcmpiTatun* 
produced by the immediate union of oxygen and 
hydrogen in the oxy-hydrogon blowpipe. 

Readers of the course on Physics wall under- 
stand wiiat is meant when we say that this rare 
metal has extreme tenacity, is very mallcabh', 
and very ductile. It does not oxidise even w hen 
heated in pure oxygi n ; strong mineral acids 
do not alfeet it. nor is it acted upon by moist 
air. For all th(*se naisons, platinum is v(‘ry 
extensively used in various chemical opt^rafions, 
especially wdu*n it is reejuired to deal with 
pow’crfully corrosive liquids, such as sulphuric 
acid and hydrofluoric- acid, or wdien any great 
heat is required. The metal can bo cast and 
forged, and can also he welded ; furtluTinon', 
it expands under Ihe iiiflucneti of heat only very 
slightly, so that w^hen it is fused through glass, 
as in the ordinary incandescent electric lamp, 
alterations in temperature cause the platinum 
and the glass to expaiul or contract proportion- 
ately, so that the glass is not cra(;ki‘d by the 
expanding metal when the lamp is lit. 

Absorption of Gases by Platinum. 
In a |)rovious cliaptor wo made some reference 
to the remarkable property possessed by some 
substances of absorbing gases within them. 
Charcoal is a conspicuous and familiar instance 
of a substance which has this pow'cr. ftj's to be 
nunembered also that there is more than a 
iiiendy physical absorption of the gas, since in 
the case of oxygen the result of this absorption 
is to incri^aso its (;bcmical activity. Hcncci it 
seems probable that the molecular arrangement 
of the gas is disturbed. Now, platinum, when 
finely divided and forming the black powder 
platinum black, has this propeuty of condensing 
gases in it to an (‘xt.raordinary degree, being 
able to absorb, for instance, some hundreds of 
limes its own volume of o.xygen. 

Another form of platinum, called .spongy plati- 
num, and al^o the platinum black of whicli we 
have already spoken, arc able to induce chemical 
actions, such, for instance, fis the direct union of 
oxygim and hydrogen at ordinary tempera- 
tures— whicli is c'xplicahle if w^e accept the 
view that the condensation of such gases within 
their ])ores is more than a merely physical act, 
and im])lies a change in the molecular constitu- 
tion of the gases, so that they become practically 
as chemically active as if they were nascent. 
Very probably, indeed, they are nascent, in the 
sense that a large number of their molecules 
are broken up, so that unpartnered atoms of 
oxygen and hydrogen are wandering about, 
being thus more ready to effect chemical com- 
binations with foreign aloms than if they went 
about with each other in pairs, as they do 
in the molecules of these gases in ordinary 
conditions. The element osmium, first men- 
tioned above as belonging to the platinum 
group, has lately been found invaluable for 
the formation of filaments that can bo made 
luminous by an electric current. 
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The Last Group of Metals. Finally, 
we must discuss a very important group of 
metallic elements consisting of copper, silver , 
gold, and mercurg. We may take these elements 
together, even although they do not exactly 
fall into a group in the table of the periodic 
law ]>iiblished by MeiideleefT in ltX)4. When we 
were discussing the atmosphere, we saw that 
the new group of gases discovered in the air by 
Lord Rayleigh and Sir William Ramsay — 
helium (alrt^acly known elsewhere), neon, argon, 
krypton, xenon — must now bt; regarded as the 
zero grou]) of the c‘l(unents. Not one of these 
gases has any combining power at all, so far 
as can be ina<lc out. Group one of the elements 
has already been })artly discussfMl. Its members 
have combining ]H)wer, each atom of any 
typical one of them having, so to speak, one arm, 
and being thertifore called monovalent. The 
members of this group, in the order of their 
atomic weight, are hydrogen, lithium, sodium, 
potassium, copper, rubidium, silver, ca*siuin, 
and gold, and the reader will notice t\\at the. 
lighter rmnnbers of the group have already been 
c;onsidcred. Ignoring the very uniniportant 
elements, rubidium and cjesium, wc art; thert*- 
fore h;ft with copper, silver, and gold. According 
to M(;ndclecff, mercury, wdiich has so many 
remarkable peculiaritit's, belongs not n^ally to 
this grou]) at all, but to group tw^o. Wc art; 
bound to note this fact ; yet wt; may con- 
veniently adhere to the long-established arrange- 
ment, and discuss mercury together with the 
other three elements wc have named. 

What Makes Copper Valuable, All 
these four elinnents are found in the elemental 
state in nature. But the first of them, 
copper, more commonly occurs in combination 
cither with oxygen or with sulphur. It is very 
readily obtained from its oxide by the now 
familiar employment of carbon, in the form 
of char(;oal or coke, which takes the oxygen 
to itself and leaves metallic copper behind. Or 
copper may be displaced from the familiar salt 
known as copper sulf)hate (CUSO 4 ) i^it^ans 
of iron, which forms sulphate of iron(FeSO,), 
the copper being precipitated ; and a third 
method of obtaining metallic copper consists 
in an interaction between the sulphide and 
the oxide. The sulphur and oxygen of these 
respectively combine to form the gas sulphurous 
anhydride, or sulphur dioxide (80.^), metallic 
copper being left behind. 

This extremely valuable metal has a dis- 
tinctive colour, an atomic weight of rather more 
than 03, but a very small degree of hardness. 
It is very malleable, tenacious, and ductile 
[see Physics], is fusible — that is to say, melts — 
at a red heat, and is an excellent conductor both 
of heat and electricity^ In this last respect, as 
in the others, it resembles silver and gold, but, 
being much cheaper than either of these metals, 
it is naturally preferred to them as a material 
for wires to convey electric currents. 

Bronire. Amidst all these valuable physical 
properties of copper it is to be noted that there is 
one — viz., its' relative softness — which interferes 
with its utility for many purposes. But when 
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copper forms an alloy with tin there is obtained 
the substance called bronze, which is very 
much harder. Bronze has been known since 
very early times, and the student of what we 
are now learning to call pre-history 8 })oaks, 
as wo have already seen, of the Bronze Age, 
which succeeded the Stone Age, and marked 
a great advance in civilisation, largely dependent 
upon the newly acquired knowledge of mani- 
pulating bronze, and w’as in its own turn succeeded 
by the Iron Age. Thus, this element, copper, 
has its own special interest for the philosophic 
student of the means by which man gradually 
emerged from primitive savagery. Here wc 
may also note that in recent years it has been 
discovered that the addition of a small quantity 
of phosphorus to bronze, producing the alloy 
called pfiosphor bronze, greatly increases its 
hardness, and gives it a new value as a malcTial 
for cog-wheels and other parts of machines 
where; great hardness it d(;siral)le. 

It was the opinion of the late Lord Avebury 
that the use; of copper w^as not introdueod into 
Rurope; at all until it had iirst been dise;overed 
some where in the Fast th.at a much more 
valuable substance could be j)rodiiced by the 
addition of a small quantity of tin to it that 
is to say, by the making of the alloy calk'd 
broiizt'. The alloys of copper now in use are 
very numerous -about 70 per ccnit. of co|)per 
and 30 pt'f cent, of zinc forming brass- while 
there an; various modifications of bronze 
besid<‘s phosphor bronze, the aluminium bronzes 
and (ku'inan or nickel silver, the alloy of copper 
and zim;, to which reference has b(Ji*n made. 

Copper and the Human Body. 
Minute traces of this element are not infrecpiently 
found in the liumati body, yet it is certainly 
not to be regarded as a d(‘sirable eoiisiituent 
of the body, but rather as a more or less un- 
de.sirable foreign substance which has gained 
acce.ss to it by means of the food. Salts of this 
metal an; oftt*n nsed in order to make more 
vivkl the green colour of vegetables, such as 
bottled peas, and the question arises whether 
the use of copp(;r for this purpose is justifiable. 

There is good reason to believe that if the 
quantity employed is very small — though 
quite large (‘nough for the purpose — it has no 
injurious action u])on the body, copper being 
exceedingly difficult to absorb, so that even if 
moderate quantities arc frequently swallowed 
no harm is done. So far as acute poisoning 
from copper is concerned, the risks are also very 
much less than is commonly supposed ; and the 
smallness of the risk of chronic copper poisoning 
may be estimated from the fact that there is no 
proof of this having occurred even amongst 
workmen engaged in the manufacture of verdigris, 
which is tho acetate of copper. 

Silver. This precious and familiar element 
occurs, as we have already stated, in its elemen- 
tal form in nature, and is also frequently found 
in combination with sulphur, the sulphide of 
silver being known as silver glance, . It also is 
found in union with mercury in various parts 
of tho world. Wo have purposely avoided* the 
use of the word ♦‘combination,” which would beg 



the question whether this body is really to bo 
regarded as a compound or as a mixture. Its 
composition varies, and we know that the 
composition of a true compound is absolutely 
invariable. But, on the other hand, tliis nnmlganu 
as it is called, is crystalline, and the relation 
of the elements in it must probably be regarded 
as more than mere mixture. 

Why Silver is Valuable. ' riio appear- 
ance of silver and its (uipaciiy for taking a 
high lustre are familiar ; * like cop]ior, it is 
very ductile, malleable, and a good eonduc^tor 
of heat and eleetricily. Also like copper — 
and the same .apidii's to gold -it is not 
oxidised by the air, no matter whether moisture 
be present or not. Copper, how(*ver, can be 
oxidised at a rod beat, but silvc^r only at a much 
higher temperature and under great pressure, 
while gold cannot be made to unite with oxyg(‘n 
directly at all. 

The marked stability of these metals led them 
to bo called in former days the “ noble metals.” 
They vary in their nol^iUiy, however, as we. have 
already set'n, and even at ordinary temj^eratures 
silver loses its lustre and iks jnirity in the 
preseiiee of compounds of sidj)hur, such as the 
gas called sulphurettcHl hydrogen (11 oS), or the 
gas we have already meiit ioned, sulf)hur dioxide. 
(SOy). This change is due to a formation of a 
thin iilin of the black sul])hide of silver. 

A curious illustration of this propcTty of silver 
is furnished by the consequences not infrerjuently 
observ^ed when consideraldo doses of sulphur ar<5 
being giv('ii medicinnlly to ijeopk^ who wear 
silver ornamtmis, such as bangles, next to t he skin. 
In sue-h eases the pati(‘ut is som(‘times puzzh'd 
to know why the bangle cannot, bo kcipt clean ; 
its blackening is due to the fact that koiik* of tlu^ 
sulphur given to the patient is ])as8cd through 
the skin, in various forms, which attack th(5 
surface of the silver and cause the formation of 
a thin layer of the black sulphide. 

Readers of the ooursir on Physk^s are now 
familiar with the “ tlmu? states of matUu*,” 
and will not be surprised to hear that at sulb- 
cii'iitly high temjieratures silver is found in 
tiie form of a bluish gas. 

The -Nobility*' of Gold. This mort^ 
or less familiar element is closely allied in its 
properties to those we hav(‘ previously discussed. 
It is pre-eminently the nobk^ metal, remaining 
unchanged in the presence of even moist air, and, 
indeed, ^ declining to undergo direct oxidation 
under any conditions whatever. It is very 
ductile, tenacious, and malleable. (bp])er, silver, 
and gold, indeed, are all so malleable that they 
can be beaten into films that will transmit light, 
and the thinness to which gold-leaf may be 
reduced is almost incredible. 

A reference to the table in an early lesson 
will remind the reader of the very great weight 
of gold. Its atomic weight is rather more than 
197. Though gold is so scarce, has such a fine 
lustre, is so “ noble,” and is the only yellow 
metallic element, it is by no means the dearest 
of the elements. Compared with radium, for 
instance, it is “ dirt cheap.” It is even more 
resistant to Chemical action than the other 
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members of this group. The powerful acifls, for 
instance, such as hydroebloric, nitric, and 
sulphuric acids, will each dissolve co])pcr. but 
the only means by which gold may be nuide to 
yield to them is by the combined action of nitric, 
and hydrochloric acids. The mixture of these* 
tw^o acids, being ahlc to dissolve gold, has l)e(*n 
known for many centuries as agua regia, which 
we may translate as tlu^ regal fluid. The com- 
pound formed when gold is thus dissolved is calk'd 
auric chloride, and has the formula Au(7... 

Ookl occurs in nuturc chiefly in its elcnu^ntal 
state; its distribution is very wide, though the 
total quantity is so small. For ’ instance, it 
occurs in minute quantities in iron pyrites (FeS„), 
and in galena, the sulphide of lead (PbS), of which 
wt^ hfive already made* the* acquaint auee. Fx- 
In'inely miiudc trace's are found in sea- water. 

The Possible Making of Gold. W(^ 

are all familiar with the fact that the alchemists 
spent long years in seeking the philosopher's 
stone which would turn all tin* base metals 
into gold. Probably every reader in his time 
has had his laugh at these vain efforts ; aiui 
e(‘rtairdy we may agree that tlu're is no such 
j)hilosof>her\s stone. But we are now coming to 
that, the alchemists were not so far wrong 
aftc'r all. They Ix'lieved that under the ditfer- 
enees which the ek'uu'nts display there must b(* 
an essential similarity, and we know now that 
they wen' right. It is especially that extra- 
ordinary eleiiK'iit radium, of which we shall 
ha.v(‘ much to say later on, that luxs taught 
us to regard the transiniital ion of the elements 
not. nuTcIy as possible, but as, in at least two 
known eases, an obs(*i*ved and proven fact. 

The New Alchemy. 8o far, all the evi- 
denee of such changes that has bi'C'u established 
is eonceriied with downward changes — th«at is to 
say, chang(‘s from h(*avi('r and more complex 
elenu'nts towards lightc'r and simj)ler ones. On 
the other hand, there is no theoretical impossi 
bility in t he performance, of the rever.se process. 

Tben^ is, iiid(‘(‘d, i;verv iiulieation that idiemis- 
try i.s now upon the brink of quite' inoalculable 
pos.«{ibilities. Jt wa.s at the.se that the co- 
disco vt*rer of radium, th(^ late .M. Curie, was 
hinting when he came over from Pari,s, shortly 
Ix'fore his dt'ath, to receive* a ge)ld medal from the? 
Royal Se^cie'ty. In acknowledging the honour 
that had been paiel him ho jokingly reinarkeel 
that he would de) his be'st to see whether he could 
not turn thi^ Jiu'dal into radium. 

Ten ye'ars «ago .such a re-mark would have bec'U 
a pointle'ss absurdity, but now it is very signiti- 
eant. T’hc work of Maelame Curie? and othe*rs 
has .shown us that the atomic weight e)f 
radium is heavier than that of golel ; aiiel if 
gold or any other element, often of far more? 
intriiLsic value than gold,* is to be produced by 
transmutation, the element to be transmuted 
is more likely to be one that is more complex 
and heavier than gold. It will not be long before 
phrases like “ analysis of the elements ” and 

synthesis of the elements ” make their uppenr- 
ance in text- books. We are on the brink of the 
New Alchemy. C. W. SALEEBY 
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The Crushing of the Empire between the 
Northern Barbarians and the Conquering Turk 

THE RUINS OF EMPIRE— AND CHAOS 


^HART.EMAGNE, great as he was, had not 
^ inaugurated the Golden Age. In fact, 
the eight hundreds and nine hundreds, tlic 
two centuries after the coronation of 
Charlemagne at Rome, were in some 
respects darker than any that had pre- 
ceded them.. 

This was partly due to the weakiuss of 
the rulers. The descendants of Charle- 
magne were not nonentities, lik(i the 
Merovingians, but they were for the most 
part seliish and turbulent princes ; and 
only a very strong hand grasping the 
imperial sceptre could have ke])l the dis- 
cordant elements of that vast empire in 
orderly subjection. 

Such a strong hand was emphatically 
not possessed by Charlemagne’s son and 
successor, Louis the Good-natured. His 
sons revolted against him and (piarrelled 
among themselves. France, Germany, 
and Italy sprang apart, and began those 
separate lives of theirs which still continue ; 
and not only so, but in each country the 
principle of disintegration was at work. 
Counts and barons who should have been 
mere officials appointed for life or during 
good beliaviour became hereditary nol)les ; 
in short. Feudalism was born. Amid all 
these changes the stately vessel of the 
Carol ingian dynasty went hopeU'ssly to 
pieces, the last direct descendant of 
Charlemagne who reigned as emperor in 
Germany being dethroned in 887, the last 
who Ucis king of Italy dying in 950, the 
las^ who was king of France in cjSy. Out 
of tlu driftwood of the family, the repre- 
sentatives through females and the ille- 
giti nate descendants, almost all the reign- 
ing <iy nasties and a large part of the still 
powerful ducal and baronial houses of 
Europe have been constructed. 

Ciiief, however, among the causes which 
made Europe miserable were the ravages 
of tiie Scandinavian pirates, the Danes as 
the English called^ them inclusively, who 
seem at the end of the seven hundreds to 
have suddenly awakened to the fact that 
there were fair lards to the south of them 
with rich booty, which it needed but good 
seamanship and well-organised robber- 
raids to make ^^heir own; The Here, as 


the great pirate army was called, visited 
England at longer or shorter intervals 
throughout the three centuries from 
when they first landed in Wessex, till 
1066, when Harald Plardrada invaded 
Yorkshire, and fell before his namesake 
Harold, son of (h)dwin. Later in this 
chapter we briefly relate the story of tlu* 
victories and defeats which marked the 
struggle of the Danes with Alfred the 
Great from 871^0 900. of their subjugation 
by Edward the Elder and Athelstan from 
900 to 940, and of tlie success with which 
under their king, Canute, they fastened 
the Danish yoke upon the neck of the 
English, so that it seemed for a time 
probable that our island would be but a 
humble member of a great Scandinavian 
empire, dominating the Baltic and tlu‘ 
North Sea. 

We must not omit to call attention to the 
fact that in these three centuries of 
conflict the pirates themselves greatly 
changed their character, and from bar- 
barous pagans l)ecame a Christian and 
civilised power ; also that they settled in 
large numbers in the north-eastc'in part 
of England and added undoubtedly a 
valuable element to the po]nilation of 
Northumbria and Mercia. Moreover, the 
fierce attacks of these dreaded invaders 
helped to unify the Anglo-Saxon state. 

When all the other kingdoms of the so- 
called Heptarchy' had goin' down before 
the ruthless Here, Wessex alone success- 
fully resisted their onslaught, and there- 
fore it is that from the royal house of 
Wessex the present king of England is 
descended. It is not, perhaps, sufficiently 
remembered how sorely the scourge of the 
Danish invasions smote France and Ger- 
many as well as England. Wherever 
there was. a broad estuary of a river, there 
the keels of the Danes might be looked 
for ; the Elbe, the Seine, the Marne, the 
Loire, the Garonne, all saw the Dragon- 
standard of the Vikings mirrored in 
their waters. Aachen, Charlemagne’s own 
capital, was sacked. Rouen was taken. 
Paris was once .taken, and once suffered a 
terrible two years’ siege (885-880). In 
fact, throughout the eight hundreds it 
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would bo bard to nay wbetber England or 
France suffered the most from the ravages of 
the terrible Northmen. 

Results of the Scandinavian Inva- 
sion. But in France the most memorable result 
of the Scandinavian invasions, the settlement of 
the Northmen in the fruitful lands at the mouth 
of the Seine, tended eventually to benefit rather 
than to injure civilisation. In the early nine 
hundreds Rolf the Northman closed a life of 
])iratical adventure by becoming the “man” 
of the Frankish king Charles the Simple, and 
coridesconding to receive from him the fair 
[.‘rovince which has ever since borne the name 
of Normandy. His descendants, appropriately 
named the “ Long-sworded,” “ tlu‘ Fearless,” 
and the like, emhraci'd Christianity of the 
militant type then fashionable, inhaled the new 
air of chivalry, and became in some respects 
its typical representatives. The converted 
Scandinavian tjiratc seems to have lie(‘n a finer 
specimen of humanity, more chaste, more 
temperate, and more devout than either his 
Frankish or his Saxon iu‘ighbour, hut also more 
ruthIos.s, more grasping, a “ better man of 
business.” He was tlic keen, wcOl-polishcd 
steel, while they were but the clumsy iron 
weapon. Thus, it was only in the natural order 
of tilings that when, in lOfiO, William the 
Bastard, Duke of Normandy, landed on the 
coast of Sussex, his rival, the Saxon Harold, 
(Godwin's son, should fall before him in the 
battle which beans, not with strict accuracy, 
the name of Hastings. 

The Northmen’s Dynasty in Sicily. 

But memorable as this Norman conquest, which 
plac(‘d a new dynasty on our throm', and 
introduced a fresh social and political order, 
must ever bo to Englishmen, it is important 
to remember that it was not by any means 
the only Norman conquest which Europe 
witnessed in that age. From the beginning of tlie 
ton hundreds, Normans, half jiilgrims, half 
warriors, had been making their way over the 
Alps and A]i(‘nnines into Southern Italy. They 
had mingled as auxiliaries in the endless contests 
which were going on in that region between 
Lombards, Greeks, and Germans, At length, 
in the year 1038, William of the Iron Arm, eldest 
of the twelve sons of a Norman knight, Tancred 
do Hautevillc, made his f)rowe.ss felt in a battle 
with the Saracen lords of Sicily. He obtained the 
dignity of Count of Apulia. One after another 
the sons of that prolific Norman house appeared 
upon the scene, eager to share his fortunes. 

Robert C^uiscard, the sixth brother, made him- 
self supreme in Southern Italy, dealt fierce blows 
at the Eastern Empire, took the Pope of Rome, 
Leo IX., jirisoner in battle, and soon afterwards 
became the vassal of his successor. Meanwhile, 
his brother Roger, the youngest of the tril>e, 
by his victories over the Saracens, was building 
up a more enduring dominion in Sicily, and 
preparing the way for a royal dynasty which, in 
the eleven and tw'olve hundreds, was powerfully 
to influence the fortunes of the w'holo of Europe, 
And these Norman conquests in the Mcditerra- 
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ncan lands were, be it remembered, strictly 
contemporary with that other Norman Conquest 
with which w'c are familiar as forming the 
greatest landmark in our history. 

Saracen Sea-Power in the Mediterra- 
nean. In order to follow' the fortunes of the 
Northmen, wc have come down to the end of the 
eleventh century; but w^e must, for a little while, 
remount the stream of time in order to notice 
other ealamiti(*s which were distressing Europe. 

In tlie eight hundreds, the danger to Europd 
of Mohammedan conquest was more menacing 
than it had ever been since Charles Martel won 
the battle of Poitiers. For the Saracens had 
HOW' become a great sea-pow'cr; probably, in tlu* 
decay of the maritimo strength of the Eastern 
Empire, tlu'y became the greatest sca-power of 
the Mediterranean. 

Ill (he y<*ar 831 they overran and conquered 
Sicily, which remained theirs for more than two 
centuries till, as just related, it was won back 
for Christianity by Roger the Norman. Fifteen 
years later they .appeared at the mouth of the 
'riher ; Ostia was taken, tin? Campagna wasted. 
St. Peter's itself av'As d(‘secrate(l and robbed 
of the treasures of centuries ; St. J\aurs Without 
the Gates shared the same fate ; the city of Rome 
itself only just escaped being handed over to a 
Mussulman emir and echoing the cry of the 
muezzin. It really seemed as. if Mahomet’s, 
rather than (Mirist's. was to he the holiest name 
in all (he Mediterranean lands. And this lament- 
able eclipse of the glory of now' empiro was 
w itnessed by a generation many of whom must 
have gaz(‘d on the living face of Charlemagne. 

The Nightmare Terror to Europe. 
IVhile the Saracens still threatened by sea, a 
more terrible, because more barbarous, foe 
spread desolation by land. Over the vast 
Danubian ]>lains, where Attila and his Huns 
onoe encamped, the Magyars, or Hungarians, a 
race perhaps remotely connected both with the 
Huns and with the Turks, now canic thunder- 
ing and destroying. From 889 till 933, when they 
were defeated by the Emperor Henry the Fowler 
in the great battle of Riada, the Hungarian 
squadrons were a nightmare of terror to Europe. 
They overran Germany, Burgundy, and Southern 
J^T’ance, crossed the Alps ipto Italy, burned 
Pavia, and threatened, but did not take, Rome. 
From many a terrified congregation in the 
churchens of Italy went up the Tieart- breaking 
litany : “ From the arrows of the terrible 

Hungarians, good Lord, deliver us.” By the 
middle of the nine hundreds, however, they 
were beaten dowm into a reasonable frame of 
mind ; they became civilised and Christianised. 
In the year 1000 a royal saint, Stefan, received 
from the Pope the title of I^ng of Hungary, 
and in later ctmturics the brave and chivalrous 
Magyar was the great bulwark of Europe against 
his Mohammedan kinsman, the Turk. 

The Degradation of the Papacy. Beside 
the miseries of barbarian invasion, Europe, after 
the collapse of the dynasty of Charlemagne*, 
suffered from religious terrors. As the vears wore 
on towards the fateful era of the tnousandth 
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from the Birth of Christ, a presontimcnt brooded Great had waited upon the lightest word of 

ovxT the nations that the end of the w'orUl >vas at “ the Apostle ” w^as rapidly departing, 

hand. When they needed most the support of The Empire’s Fluctuating Power. The 
religious faith, their spiritual guides moat cure for the worst miseries of this anarchic ag(3 

signally failed them. These centuries, the came this lime from (Germany. The old l^ankish 

eight hundreds, the nine hundreds, and the Empire, it is true, had split into pieces. I’rance 

early ten hundreds, are admitted by all especially, after the deposition of (-harles the 

historians to have been the time of the (ieepest Eat, in 887, had been drawing furtl.er and 

degradation of the papacy. A long succession of further away from tlui empire, and wIkmi, a 

utterly insignificant Popes is followed by oiU5 century latt r, a new royal dynasty ascemhd tlu* 

man of eminence, perhaps of genius, Popo throne in the person of If ugh (^xpet, she no 

Formosus (891-896), but he w^as a violent longer, even iioiMiually, formed part of it. Still, 

political partisan, accused of complicity in the however, the groat political fabric founded by 

murder of one of his predecessors; and his dead the joint action of Charlemagne and Leo kept 

body, having been dressed in papal robes, and its proud title, “The Holy Homan Empire,” 

subjected to the indignity of a trial, was though now it A'irtnally ineliuled only the two 
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mutilated by order of a solemn council, stripped, 
and thrown into the Tiber. 

The Church under Feminine Con' 
trol. Then came the period of the asetendaney 
of two infamous women, a mother and a daughter, 
Theodora and Marozia, wlio for over sixty 
years (901-964) placed their lovers, their sous, 
and their grandsons in the chair of St. Peter. 
After an interval the Counts of Tusciilum, petty 
feudal princes in the neighbourhood of Rome, 
succeeded in making the papacy a virtual 
appanage of their house (1012-1048). With 
such men, licentious and profane, sitting in the 
holiest place of Western Christendi^m, the 
reverence which in the days of Gregory the 


countries of Germany and Italy, divided into an 
iiitiiiitc number of petty feudal principalities, 
over whicli “(-;esar” — as the emperor was 
styled — wielded a strange and not easily detined 
dominion, strong iind stern in the hands of a 
man of firm will and with the trick of success, 
.shadowy and of little or no account in the hands 
of a weakling. 

Strong Emperors and Weak Popes. 

To the former class of strong and successful 
nilers belonged the 8axon emperors, who wore 
the imperial diadem during the nine himdn‘<is 
and whose most celcbratecl representatives were 
Otho, or Otto the Great, the final vanquisher of 
the Hungarians, and his son and grandson, who 

I6;i7 
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boro hi» name (Otto I,. 036-973 ; Otto IT., 973- 
983 ; Otto 111., 983-1002). These strong rulers 
ended the political anarchy which had for a 
hundred years prevailed in Italy, where petty 
princes of Provence, of 8poleto, of Friuli, in rapid 
and unremembered .succession, had reigned as 
shadowy kings. In the ecclesiastical realm also 
they restored a certain measure of order. In 963 
Otto the Great summoned a council to meet in 
Rome, by which Pope John XJI., a profligate and 
tyrannical youth, grandson of the licentious 
Marozia, was solemnly deposed, and a layman of 
decent life, a papal secretary, Leo VIII., was 
chosen in his stead. Still, however, the war of 
Roman factions continued, •and one tumultuary 
pontiff followed another in rapid succession, till, 
in 996, the boy-emperor Otto III. i)laced his 
cousin Bruno of Oarinthia, little older than him- 
self, but a young man of pure and noble character, 
on the papal tlirone. Too good for the coiTuj)t 
ocelasiastics and jiopulaco of Rome, this German 
Pope died in the last year of the niii(5 hundreds, 
the victim, it was said, of i^oisonous conspiracy. 
Kro long followed that degrading dyniisty of 
Tus(?ulan Popes to which reference has already 
b(^en made. 

The Purification of the Papacy. Ji 

Seemed as if nothing could save the ollico, once t}i(‘ 
most venenated in (.3iristendom, from its moral 
suicide, when help wa.s once more invoked from 
beyond the Alps, and this time with success. 
Another German, Bruno, of noble d(‘sccnt, was 
raised to the papacy by the Emperor Henry III. 
A saint and a mystic, the new Pope, who took the 
nanio of Leo IX., did much in his six years of rule 
(1048-1064) to raise the reputation of his ofllco 
from the slough into w hich it had fallen. Unfor- 
tunately for him, he resorted to carnal weapons 
for the defence of his t(^rrttory against the 
Korman Guiseard, by whom he was d(‘feated and 
made prisoner. The vexation of his defeat and 
the hardships of his captivity probably hastened 
his end, for he died the year after tlio, battle, but 
the moral uplifting which he had given to tho 
popedom survived its author for generations. 

Between the Bulgar and the Turk. 

Turning now to take up the thread of the narrative, 
in the East ; wlu*n the Empress Irene had been 
deposed and shut up in a convent, some tiiuo 
elapsed before a fresh dynasty was esiablishetl. 
One of the intervening emperors, Michael, very 
much annoyed his subjects by recognising the 
imperial title of Cliarlemagne. Also, when ho 
went to war with the Bulgarians, who by this 
time offered the most serious menace to Con- 
stantinople, he was badly beaten. Consequently 
he was deposed, and Leo V., “ tho Armenian,” 
became emperor. 

Leo,- though not a fanatical Iconoclast, 
offended tho Iconodules, and although he made 
up for the incapacity of his predecessor by 
striking so hard at. the Bulgars . that they re- 
mained quiet for a whole generation after him, 
he too was assassinated, . nd the soldiers made 
Michael ft. emperor. 

It was about this titno that tSe Saracens were 
effecting that conquest oi Sicily to which reference 
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has already been made. Sicily lay nominally 
within tho area of tho Eastern Empire, but 
Michael and his son and successor, Theophilus, 
found themselves unable to send any effective 
assistance to the island. 

The Separation of the ** Catholic ” 
and “ Greek *’ Churches. The splendour of 
the Bagdad khalifate had not yet waned, though 
it was not destined to last long. Harun al 
Raschid’.s sucec.ssor, IMamun, w’as an energetic 
ruler, anxious to maintain the aggressive tradition. 
(Consequently it wm upon the Asiatic boundaries 
of the Greek and Moslem empires that tho 
struggle was now waged, and Theophilus could 
not spare troops for the W<wt. For many y€^ars 
there w'as almost ceaseless warfare, and little 
{)ractieal result. After tho death of Theophilus, 
a competent ruler though a fanatical Iconoclast, 
his widow governed for some time on behalf of 
their young son. That son, when lie came of 
age, w'a.s shortly afterwards murdered by tho 
favourite whom ho Iiad himself assoriat(‘d in tho 
imperial dignity, Basil tho Maeodonian, the 
founder of a dynasty wdiich lastc^d some two 
hundred years. The distinguishing event of tlie 
reign of Michael had been thc^ final breach bctw'oen 
the Roman and tho Greek (^lurches, the 
“ Catholic ” and the Orthodox.” 

An Automatic Government. Basil, in 
spite of his crime, was a ca])able soldier, who 
strengthened his frontiers and to a great extent 
freed the Eastern Mediterranean from the fleets 
of Moslem corsairs whie)^ had infested it. He did 
not, how'cver, deliver Sicily, tho\igh he did clear 
the Saracens out of Southern Italy, where they 
had been winning a foothold. The reigns of Basil’s 
two immediate successors, L(‘o VI. and ( ^ou- 
st aiitine, called Borphyrogenitus, are dis in- 
guished chiefly by the fact that tho emperors w'(‘ni 
men who eared mor<5 for art and literature than 
for w’ar or statecraft. In fact, at this time it 
might bo said that the mere machinery of 
governnieiit had been so far perfected in the 
Ea.sterii Empire as to work almost automatically. 

Facing Turk, Russian, and Bulgar. 
In the Far East, on the other hand, the Abba- 
side khalifate wtis tottering. Mamun had been 
responsible, for introducing the employment of a 
great bodyguard of Turks from the uncivilised 
Gentral Asian outskirts of his dominion, and the 
Turkish soldiers w^ere learning to regard them- 
selves as the real mastci*s. On tho other hand, a 
Pemian family established thomsolyes at Bagdad, 
as the protectore of the khalif ; and they, in fact; 
became practically a reigning dynasty. So it‘ 
befell that soon after the middle of the tenth, 
century, when the child Basil II. was nominally 
emperor at (.Constantinople, two soldiers in 
succession, Nicephofus and John Zcmisces, 
exercised the real power, even bearing the* title 
of associate emperors, and were able to win back 
^ihe Syrian territories from the khalifate. 

John Zemisces, however, found c^cupation in 
beating off tho'attacks of the Riissiafia ; and after 
liis death, when Basil II. took the reins of govern^ 
ment into his own hands, the great struggle of his 
reign was that with the Bulgarians, which he 
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conducted so successfully and so mercilessly that 
he became known as Basil the Bulgar Slayer.” 

The Rise of the TurRiah Tribes. After 
Basil's death in 1025, there ensued a long period 
of more than fifty years during which the iniptuial 
sceptre changed hands repeatedly, and the only 
period of decent rule was that enjoyed for three 
years under Basil’s niece, Theodora. In 1078, a 
new dynasty was inaugurated by the elevation 
to the jiurplo of the crafty and capable, but far 
from admirable, Ale^cius Comnenus. 

Meanwhile the Turkish tribes had been becom- 
ing more and more a metiace to the Abbasides 
and their Persian ministers or masters. Men of 
'rurkisli race, too, had he(‘ii rising to prominence. 
One of these, Sabuktegin, became governor of a 
province in what is now Afghanistan, with his 
capital at Ohazni. At the close of the tenth 
ecMitury he was succeeded by his son. the famous 
Mahmud of Ghazni. (Jhazni had already been 
made virtually an independent kingdom. 

The Great Mahmud of Ghaxni. Mah- 
mud, a mighty 'warrior and a fanatical MohamuKi- 
dan, did not’throw off his allegiance to Bagflad ; 
but while the power which he develojied made 
him during his life a bulwark against tlie invasions 
of Turkish hordt'S, ho has two other titles fo fame. 
Ho invadt'd India no less than fourteen tiuies, 
Swept througli the Punjab, carried his arms east- 
wards across the (ianges, and ou another occasion 
struck southward as far as Giijerat. He laid low 
countless temi^les and idols ; he swept up vast 
(piantities of treasure. He did not, in fact, 
attempt anythiug in the natun' of an organis(‘d 
conquest ; his incursions were nu'rely raids on 
a huge and terrific scale. But he did initiate the 
occupation of the Punjab by successive dynasties 
of Afghan or Turkish captains. 

The other feature of ^lalimud’s rule is that, 
while his wealtli was n^ndered enormous and 
almost unparalleled by the vast spoils which he 
collected in India, his Gourt became proverbial 
on account of the encouragement which he gave 
to learning and literatuns w('U as architecture. 
J’A'ory contemporary poet or scholar possessed of 
any sort of title to recognition was welcomed at 
tihazni, and was aini)ly endowed out of tln^ 
enormous trf‘asuros carried off from the temples 
of the idolaters. 

The T urKish Occupation of Palestine. 

After Mahmud’s death in 1030, it was not long 
before the j)ower of the Ghaznavide dynasty was 
challenged and virtually displaced by that of the 
house of Glior. . But more serious for the world 
at large was the fact that the group of Turkish 
* tribes called the Seljuks were immediately over- 
running Persia, dominating Bagdad, wliere they 
took upon themselves to become the khalif’s 
protectors, swe]>t up to the eonfiiics of the Greek 
empire, broke through the Taurus, occupied the 
east of Asia Minor, and drov(» westwards over 
Syria fill they made themselves masters of 
Palestine and the Holy Places revered by all 
Christendom. The insults and severities inflicted 
by the Turks ujk)!! Christian residents and 
pilgrims were the occasion, if not the actual cause, 
of the Crusades. 


The Unconquered North of Britain. 

From the East wc turn to our own island to 
sketch the story of its transformation from Celtic 
Britain into England and Scotland. For three 
and a half centuries from the time of Claudius 
the Homans had occupied the island, holding it in 
force as far north as the Tyne and the »SoTway, 
and maintaining outposts between Tyne and 
Forth, though never really subjugating the 
Northern territory, ^'ho Celts of the north were 
Gaels, though whether the large Pictish popula- 
tion are also to he regarded as Gaels is an open 
question. The C’elts of tlie south were Brythons, 
better known as Britons. The Britons acquired 
a Latin veneer, hut nothing more save some of 
the elements of Roman law and tlie Christianity 
of the fourth century. 

The Coming of the Jutes. Wheu 
the Roman legions liad retired, and the. 
Roman emperor Honorius announced that they 
would not come back again, the Britons fell 
back into something like their old tribal organi- 
sation of petty ])rineipalities. Tlie coasts and the 
northern hordta* had long been harassed by 
pirates from Kri(\sla.nd and Schleswig of the 
Teutonic slock, and by the (^Viledonian Piets, 
and the Scots, (iaelic tribes who had migrated 
from Ireland, to which the Romans had never 
penetrat('d. About the middle of the century 
the Teutonic pirates began to land in force with 
the intention of permanent settlement ; tradi- 
tion says that the Jiitish captains, Hongist and 
Horsa, were first invited by a southern prince to 
help him against the Piets, with wliom ho can 
hardly have had much to do. At any rate, the 
Jutes did settle in Jvent, probably in Hampshire, 
and possibly elsewhere. 

The Coming of the Saxons and Angles. 
Before the end of tlie century the kindred 
tribes of the Sa.vons were following the Jutes, 
and attacking the south coast; in the first half 
of the sixtlx century tlio Angles were invading 
the eastern coast from the Thames to the Forth. 
The Britons wore beaten back before the in- 
vaders ; in some places they were literally ex- 
terminated, in others they beat a gradual retreat. 
The evidence on tlie whole is that only a very 
small remnant of the British ])opulation re- 
mained in the conquered territories. The con- 
quest was emphatically gradual. 

About the end of the fifth century it met 
with a severe ch(*ck ; it is probable that the 
mythical King Arthur was actually a cajitain 
who did inflict severe defeats upon the invaders. 
The Britons, however, wore definitely driven 
back into the west country ; into Cumbria 
between Solway and the Mersey ; behind the 
Severn and the Avon ; and into the south- 
western peninsula, called West Wales or 
“Damnonia,” though for many years there 
was a debatable land, devastated and hardly 
populated, between the British tribes and the 
German tribes. 

Tribal Divisions. Then the invading tide 
rolled forward again. In the third quarter of the 
sixth century the West Saxons in the Thames 
valloy and to the south of it pushed out till they 
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reached the Bristol Channel, and cut off the 
Southern Britons from their kinsfolk in Wales. 
It was not till early in the seventh century 
that the Northern Angles in like manner drove a 
wedge up to the mouth of the Mei'sey separating 
Wales from Cumbria ; by which time Angles 
and Saxons had i>robably occupied the whole of 
the midlands. The first established Kentish 
kingdom had maintained its position, and was 
more highly organised and civilised than any of 
the other groups which were now shaping into 
kingdoms. Of these only two as yet are recognis- 
able, Wessex, extending from Hampshire to Severn 
mouth, and Northumbria, extending from tho 
Humber to tho Forth — to which peril aps may 
be added the South Saxons in Susstix, who were 
isolated from the rest by geographical conditions. 


middle of tho century however, Northumbria 
was again united under Oawy, a prinetr who 
overthrew Ponda, and whose supremacy was 
acloiowledged over all England north of the 
Thames. Under Oswy practically all England 
became decisively Christian, and attached itself 
to the Latin Christianity which recognis(‘d the 
supremacy of Rome iustc^ad of the Celtic Chris- 
tianity which was unorthodox. 

The Rise of Wessex. At the beginning 
of the eighth century tho King of Wessex 
was supreme over tho minor kingdoms on 
the south of tho Thames ; tho King of 
Mercia was in effect overlord also of East. 
Anglia and Essex ; and tho King of Northumbria 
ruled beyond tho Humber. Rut Northumbria 
was falling to pieces; towards tho end of llw' 
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The Gradual Predominance of the 
North. At the close of tho sixth century there 
came to Kent the Roman missionaries despatched 
by Pope Gregory the Great, under tho leadership 
of Augustine. Kent was readily converted, 
and early in the seventh century, as we have 
already seen on page 1370, the new religion 
spread into East Anglia which now also ap- 
pears as a definite and perhaps a predominant 
tdngdom. By the second quarter of the century, 
however, l<he predominance was passing to North- 
umbria,^! which the two divisions, Bernicia 
and Deira, were united under a powerful monarch 
Edwin; Northumbria adopted Christianity, 
but her power was broken for a time by the 
obstinate heathen Penda, who had made himself 
king over the Midlands, or Meroia. In the 


eighth century Offa, King of Mercia, was prac- 
tically overlord of tho whole island except Wales, 
Cumbria, or Strathclyde, and Damnonia — that is, 
Devon and Cornwall — Wessex owning his over- 
lordship though it had its own king. But just 
after tho opening of the ninth century the 
crown of Wessex passed to Egbert ; five-and- 
twenty years later Egbert had overthrown tho 
power of Mercia, and the King of Wessex was in 
his turn recognised as the overlord of all Britain. 

The English Power of Egbert. From 
Egbert dates tho supremacy of tho house 
of Wessex ; his descendants after Alfred tho 
Great became kings of all England ; and tho 
blood of Cerdic, the mythical founder of the 
house of Wessex, runs in the veins of Gcoi^e V. 
We have little space to trace the development of 
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England and Scotland in the days from Egbert 
to the Nonnan conquest of the southern country 
and the establishment of the dynasty of Malcolm 
Canmoro in the north. Of Ireland, it could 
hardly bo saicl that there was any develop- 
ment ; her palmy days had been in those 
earlier centuries when her missionaries went forth 
to spread (Christianity in neighbouring and ako 
in distant lands. Ireland lay politically apart, 
and her tribes never attained to any union as an 
organic })olitical entity. 

It is evident on the other hand that Egbert 
did succeed in establishing a really clToctive rule 
over the south and most of the midlands, while 
the East Anglian ruhn-s were his licnitenants, 
althougli he difl not apply his ]>owers of organisa- 


*> 

the chiefs who were called kings of Scots. In 
the eastern lowlands it may be that Angles 
and Danes predominated over their Celtic prede- 
cessors. Some kind of vague supremacy on the 
jjart of the king of England was admitted by 
the king of Scotland, who “ took him as father 
and lord,” but otherwise paid very little attention 
to his behests. 

The Union of Danes and Saxons. 

Attacks from the Northmen overseas had ceased 
for three-quarters of a century, but at the end of 
the tenth century, when the incapable Ethelred 
tlie Redeless w'as on the English throne, they 
came again. Ethclred’s attempts to buy them 
oiT merely resulted in fresh attacks and fresh 
demands for ransom. Finally, King Sweyn of 
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tion to Northumbria. Before the end of his reign 
the attacks of the Northmen upon the south coast 
were becoming ominous, though they were always 
beaten hack to their ships. In the days of his 
Bon, Ethelwulf, the Danish host more than once 
wintered in England. 

The Repulse of the Danes by Wessex. 

In the days of Ethelwulf’s sons, the Danes made 
themselves masters of Northumbria and East 
Anglia, although when they fell upon W^essex 
they were beaten back after a long struggle by 
the great King Alfred, remaining, however, in 
effective possession of that half of England which 
was called the Danelagh. In the tenth century 
Alfred’s son and grandsons brought the whole 
of the Danelagh under their dominion. 

In the meantime the Piets and Scots who 
occupied nearly the whole of what we now call 
Scotland, with the exception of the eastern 
lowlands, had become more or les^ united under 
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Denmark expelled Ethelred, and on his death,* 
immediately afterwards, his son (Janute united 
England to an empire which, before his death 
included Norway as well as Denmark. 

When Canute’s sons died, no attempt was 
made to prevent the English from recalling to 
England Ethclred’s son Edward, known as the 
CoSessor. It is needless here to relate the 
familiar story how, on Edward's death, the 
English made Harold Godwinson king and 
how William of Normandy came with his 
magnificent army across the English Channel 
and overthrew Harold and his army on the 
field of Senlac, and established the Norman 
supremacy in England. 

It should be noted, however, that during 
Edward’s reign Malcolm Canmore successfully 
asserted his claim to the crown of Scotland, 
which from that day to this has been worn by 
none save his descendants. A. D. INNES 
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Road Development. Legislation affecting Roads. Construction, 

Cleaning and Upkeep. Road Board Tests for Materials. 

ROAD MAKING AND MAINTAINING 

W HETHER in ancient times better roads and making. By August, 1814, he had travelled 
Bavements were built than at present, or 30,000 miles, and had spent from his own private 
wheth^only the best ones remain, is uncertain, resources a sum equal to £5019. 
but it is certain that some of theremaina of such An 1823 he succeeded in getting an inquiry 

structures found in Rome, for instance, evince before a Committee of the House of Coniinons 

engineering skill of high degree. I’hese were laid as to his system, and had made a set of road- 
out carefully, excavated to solid ground, or, in making implements, so that he might the more 
swampy places, mode solid bv piles. Then the clearly explain the principles he aclvocated, and 
lowest course was of sraall-sized, broken stones, in 1825, having proved an expenditure of several 
none less than 3 in. or 4 in. in diameter ; over thousand pounds from his own resources in 
these was a course, 9 in. thick, of rubble or broken carrying out his improvements, this amount was 
stones cement^ with lime, well rammed ; over reimbursed to him by the Government, together 
this a couwe, 6 in. thick, of broken bricks and with an honorary tribute of £2900. 
pottery, also cemented with lime ; upon this was ^Macadam’s system of road-making, to use 
lajd the pavimentum, oir pavement, composed of his own term, was “ to put broken stone upon a 
slabs of the hardest stone, joined and fitted to- road which shall unite by its own angle sd as to 
gether as closely as possible. This was costly — the form a solid, hard surface.” His practice was to 
Appian Way, extending from Rome to Capua, a lay flints or some other hard material, broken to 
distance of about 130 miles in length, having a uniform size of approximately cubical shape, 
almost exhausted the Roman treasuiy — but it IJ in. to 2 in. in diameter, to the depth of 10 in, 
w as as enduring as Nature’s owii Avork. . In Peru the only preparation being the levelling of in- 
and Central America similar remains, 1000 to equalities and the digging of side-drains, the 
2000 miles long, w^ero found by the Spaniards, broken material being spread evenly over the 
which, as Prescott says, were built of heavy tlags road surface and left to bo consolidated by the 
of freestone, and, in some parts at least, coverSl traffic. He used no admixture of binding material, 
with a bituminous cement winch time has made and the stones were perfoetty clean. This rule of 
hairier than stone itself. Macadam, which in theory appears all right, in 

Early English Roads. Road-makinR in practice is found impossible to nccomplisb: 
England may be said to have begun in 1346, when Telford’s Highland Roads. About the 
Edward III. authorised the first toll to bo levied same time that INIacadam was busy engaged 
for the repair of roads leading from St. Giles in his system of road making and repairing, 
in the Fields to Charing Cross (then a village), another pioneer, Telford, was equally busy con- 
jtud from the same quarter to near Temple Bar. structing many miles of roads in the Scottish 
The footway at the entrance of Temple Bar was Highlands, but on an entirely different system, 
inipeded by thickets and bushes, and in wet Telford did not believe it possible to construct 
weather almost * impassable, and the roads a hard road by simply laying 10 in. of broken 
westw'ard were so bad that when the sovereign stones upon a soft natural foundation, his 
Avent to Parliament faggots Avere throAvn into the method being to keep tho broken stones from 
ruts in King Street, Westminster, to enable the the subsoil, and to ensure this he first laid dowm 
royal coach to pass along, Tho first Act for a “ pitched foundation,” consisting of pieces 
paving and improving the City of London streets of stones or other hard substance placed upon tho 
was p.'.saed in 1532. The first turnpike road level bod by hand to form a close, firm pave- 
estkMishe<i by law was in 1653. This was made incut, and upon this foundation was laid a 
for taking toll of all but foot-passengers on the thickness of broken road-metal, 

northern road through Hertfordshire, Cam- Main, Rural, and Private Roada. 

bridshiro, and Huntingdonshire. The higliAvays of England and Wales are divided 

But no very considerable improvements in the among some 2000 local authorities. All roads 
art of road-making took place till the Highland AA'hich hfid been distumpiked between December 
Rebellion of 1745, which gave a great impetus to 3 1st, 1870, and August, 1878, or were subso- 
the construction of roads for military as well as quently distumpiked, became main roads under 
for civic purposes, as is evident from the fact the Highways and Locomotive (Amendment) 
that from 1760 to 1774 no fewer than 452 Acts Act, 1878. Rome of the existing roads or 
regarding making, repairing, and improvement portions of roads, although dignified by the 
of highways were passed. term “ main,” are not ” principal ” roads, but, 

Macadam. John Loudon Macadam, tho being old turnpike roads, Avhose days of import- 

great road-maker, was bora on September 21st, ance have passed away, have now very little 
1766. During tho early years of the nineteenth traffic on them. By the Local Government Act, 

century he was travelling about the kingdom, 1888, County Councils, who were previously 

making inquiries into the systems of road- only contributing authorities, were charged with 

INaUDING SURVEYING. RAILWAYS, SHTpS. VEHiaES~MOfd^RS. & AVIAW 
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entire responsibility for the maintenance of all 
main roads. In the provinces public highways 
are managed by City, Town, and Urban District 
Councils, while in the country they are managed 
by Rural District Councils. 

Prior to 1835, so long as there was an intention 
on the part of the owner of the soil to dedicate 
a road to public use, which he signified by throwing 
oiKJn a road unreservedly, and an acceptanco 
by the public signified by the using of the road, 
the two circumstances sufficed to make a road a 
public highway ; but now roads and streets remain 
private— -that is, not repairable by the inhabitants 
at largo — until they ans formally dedicated. 

breaking Up. The opening of roads for 
the laying of new mains, repairs to existing ones, 
or other public services is a continual cause of 
complaint, and one of the stock grievances of the 
public; and the damage caused to highways by 
openings made in them by builders, owners, and 
occupiers of projiorty, and by gas, water, and 
other companies, a source of much reasonable 
irritaition and annoyance to Local Authorities 
who ar(5 responsible for their maintenance. A 
macadamised road opened for the construction of 
a trench can never be properly reinstated without 
showing some evidence of it, oven when the ro- 
placonu'nt has been carried out by expcuu^nced 
roadmen. Where, however, other workmen have 
been employed, as those engaged by builders or 
house- owners, the damage is greater. Tho ram- 
ming of the materials in refilling the trench is 
must rarely executed in a suflicient manner, and 
instead of two men ramming being employed 
to one filling, which is necessary, and the materials 
being replaced in layers of not greater thickness 
than 6 in., ramming is generally performed in 
a most perfunctory manner — the material is 
replaced in largo lumps, and as a consequence 
tho trench subsides for weeks after. The substance 
of tho sections giving statutory powers arc collected 
into a short compress and in direct sequence. 

Powers to Open Roads. The Gasworks 
Clauses Act, 1847, empowers tho undertakers 
to open and b,eak up any road, and lay down 
and place pipes, conduits, service pipes, and other 
works, and from time to time to repair, alter, or 
remove the same, subject to throe clear days’ 
notice being given to tho clerk, or other officer of 
the Local Authority before beginning such work. 

The Waterworks Clauses Act, 1847 (incor- 
porated with the Public Health Act, 1876, e(.c. 57), 
provides similar power, and see. 52 gives power 
to a private individual to open or break up so much 
of the pavement of any street as shall bo between 
the water-main and his house, building, or premises, 
after giving due notice. It has boon decided by 
the courts that the word 'pavement^ as used in this 
section, is not confined to the footpath only. 
Provisos are also contained in tho Tramways Act. 
^1870 ; tho Railway Clauses Consolidation Act, 
1847 ; the Electric Lighting Act, 1882; Forrest 
Fulton’s Act (the usual title of tfie Water Companies 
Regulation of Powers Act, 1887), and the Telegraph 
Acts, 1863, 1873, 1878, 1892. 

Quapriesy Pits, and Pavement Regu- 
lations. Where any quarry dangerous to the 
public is in open or unenclosed land within 50 
yards of a highway, or place of public resort dedi- 
cated to tho public, and is not separated therefrom 
by a secure and sufficient fence, under the Quarry 
Fencing Act, 1887, the Ix>cal Authority has power 
to deal with it. The term quarry includes every pit 
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or opening made for tho purpose of getting stones, 
slates, lime, chalk, clay, gravel, or sand, but not 
any natural opening. 

Tho following can bo dealt with by Local 
Authorities as obstructions in streets : 

(a) Shop and sun blinds if fixed less than 8 ft. 
in height. 

(A) Trees overhanging roadways. 

(c) Doors and gates opening outwards on tho 

pavements. 

(d) Defective rain-water shoots from buildings. 

Whore tho Local Authorities do not undertake 

or contract for the cleansing of footways or pave- 
ments adjoining any premises, they may make 
by-laws imposing this duty ou tho occupier of 
any such premises. This is tho substance of an 
important provision in tho Public Health Act, 
which may place occupiers under some responsi- 
bilities which have not, ])erha])S, heem consid(M(*<l. 
Yet there is ocular evidence on the pavement, 
day by tlay, opposit(? most greengrocers’ and 
butchers’ shops, of negligence in this matt('r. 
By the Public Health (London) Act, 1891, the 
City householders were relieved of this duty, 
which was cast upon the Sanitary Authority. 

Asphalt. Although mineral rock asphalt 
was first discovered in 1712, it was not cornqnw- 
cially adopted as a paving in Paris until 1854, 
and in London until about t(‘n years later, and 
it is only in comparatively recent years that its 
wider uses have been apprcejat(3d. 

Mineral rock asphalt is a natural product, a 
pure limestone naturally impregnated with 
mineral bitumen. The rock when mined or quarried 
is of a chocolate colour, fine in grain, evenly im- 
pregnated with bitumen, which varies from about 
6 to 20 per cent. It is usually found in seams 
or layers from 6 ft. to 30 ft. in thickn(‘ss, like 
coal, and is mined in a similar manner. The 
principal supplies are taken from the Bassin de 
Scyssel, Haute Savoie, Switzerland ; Franco ; 
Limmer, in Hanover ; and Ragusa, in Sicily. 
Th(3 weight of a cubic yard of natural asphalt is 
about 34J ewt. Trinidad asphalt is a colloquial 
term for the artificial asphalt pavement of America 
It is made with bitumen, sand, and limestone dust, 
resembling asphalt in its composition. 

Use of Asphalt. During the last fifty 
years compressed mineral rock asphalt has stood 
tho severe test of enormously increasing traffic 
in the principal streets of the City of London, 
tho metropolitan districts, and tlie provincial 
cities and towns of the United Kingdom, and 
has proved to be the most satisfactory sanitary 
paving that can bo laid. It is impervious to 
moisture, and non-absorbent, and, being jointless, 
nothing can get into croviecss and decay. It has 
a smooth and even surface, is durable, economical, 
and quickly laid ; and tho preparation of com- 
pressed rock asphalt is similar to that of mastic 
asphalt for footpaths, except that the powder is 
placed in specialty designed roasters with revolving 
cylinders, and heated to a temperature of about 
280® F. without any admixture of bitumen. 

As soon as the superfluous moisture has evapo- 
rated, the heated powder is placed in iron-shoathod 
vans, covered with thick cloths (to retain the 
heat), and taken to the site whore it is to be laid. 
The asphalt powder is then laid on a Portland 
cement concrete foundation, 6 in. to 9 in. thick, 
according to the nature of tho traffic, well raked 
over the cement concrete foundation, and ramnved 
with hot rammers to the thickness required After 



being smoothed over with a hot smoothing-iron, 
so as to bring sufficient bitumen to the surface, 
a heavy roller is passed over it, while the asphalt 
is still warm, to straighten and consolidate the 
surface. When opened to the traffic, the asphalt 
gradually begins to bo compressed into solid rock 
again. In main traffic streets 2^ in. of compressed 
asphalt are laid on about 9 in. of concrete. In 
streets of lighter traffic, the practice is 2 in. of 
compressed asphalt on 0 in. of concrete. 

The Asphalt Road. An asphalt road can 
bo constructed oxceodingly flat, because a slight 
gradient is sufficient for rapidly removing tho 
surface water ; moreover, the vehicular traffic; 
distributes itself without risk over tho entire 
width of the road, even close up to the gutters, 
which is not tho case, to the same extent, on a 
stono road. It suffices if, from the apex, which is 
simply rounded off slightly, two straight lines 
are drawn as cross or lateral gradients, an extra 
fall being given to tho guttc;rs for a width of about 
18 in. As a rule, a lateral fall of 1 in 70 will suffice 
for tho roadway, increased to 1 in 50 at the gutters. 
For the longitudinal fall 1 in 00 is considc^red 
the limit up to which tho slijiijing of horses need 
not be feared. 

Tho following well-known formula for calculating 
tho camber of asphalt roads has been employed 
for many years : 


where f camber (versed sino of arc), 

s width of roadway between kerbs, 
c coefficient ( = 0‘bl2). 

Therefore, the normal camber of a roadway 30 ft. 
wide would be 0 01 2 ^ 0*372 ft. in tho rentro. 

Foundation and Layings for Asphalt. 

Tho concrete for the foundation should bo gauged, 
six of aggregate to one of Portland cement. The 
thickness should bo regulated according to tho 
weight it has to bear. London princii)al thorough- 
fares have a foundation of 9 inches in thickness. 
Other streets where the traffic is of a lighter nature 
have but 0 inches. 

Granitod rock asphalt has proved its great 
durability and sanitary advantages. Tho earliest 
of this class of work was carried out ten years ago. 
For some unexplained reason tho North of England 
has shown tho greatest enterprise in adopting 
this c1j;ss of roaflway. It is to be .seen in and around 
“ ('’nttonopolia.'’ 

3 lie primary ingredient, mineral rock asphalt, 
is manufactured in block form for convenience in 
handling. It is usual to compound and heat the 
materials on the site. Briefly, the process is to melt 
tho asphalt, using a small percentage of refined 
natural bitumen as a flux, and then to incorporate 
with it about 30 per cent, of clean dry J to J in. 
gauge granite chippings, tho mixture being subse- 
quently raised to a temperature of 275° F. for 
laying. In tho case of roads carrying heavy motor 
traffic this composition has been laid 2 in. thick 
on 6 in. of cement concrete with excellent result, 
at a cost of 10s. per superfleial yard. 

In order to meet the demand for an asphaltic 
material that can be laid without a special founda- 
tion, a material known as Book Aspnalt ** Carpet ” 
has been introduced. The chief use of tho material 
is for re-surfacing old macadam roads. In its 
composition mineral rock asphalt obtained from 
Esclmrshausen, Germany, plays an important part. 
This asphalt is claimed to possess the properties 
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of hardness and toughness in unsurpassed degree, 
whereby it is well adapted for road-surfacing work. 
An even bed is required for the composition. 

An example of Rock Asphalt “Carpet” may be 
seen at Eltham, where a trial length has recently 
been laid for the Woolwich Borough (>>uneiJ. In this 
case the composition wa.s applied in two coats, mak- 
ing a total thickness of 1 ^ in. Tho road carri(*s 
all through -traffic to Dartford. A length has also 
been put down oj)posite tho Chiswick Town Hall. 

Bricks for Paving. Bricks as a material for 
street paving have received very little attention 
in England, although this country is justly eelc- 
brated for the quality of its bricks. 

In Holland this cla.ss of paving has been in iiso 
for about 150 years, and in America about twenty 
years, whcTC hundreds of miles have been laid 
in all sorts of ways and under varying comlitions. 
Bricks obtained from Middlesbrough were laid in 
Liverpool as a trial in 1881, and a small piece of 
brick paving to form a carriage-way was laid at 
(.’hcltenham in 1900. This paving was laid on a 
sand cushion with a foundation of 0 in. of ceinient 
concrete, the bricks being grouted in with pitch. 

Cork Asphalt. Cork asphalt is a compound 
consisting of bitumen and ceilain other inatc-riaLs, 
including cork. It has Ijecn used in different parts 
of tho worltl for a number of years, and poss(*sses 
all the necessary features which constitute a good 
paving material. It is durable and elastic, and, 
being non -absorbent to moisture, is therefore 
hygienic and sanitary. It is comparatively noise- 
less, and also non-sUppery ; and therefore it is 
unnecessary in wet weather to sprinkle tho surface 
with sand or fine gravel, as is requisite with other 
pavements. The result of this is that there is a 
marked absence of mud, and, in dry weather, of 
dust. These properties make it invaluable for 
public roadways, especially as freedom from noise, 
dust, and such discomforts is an object. Jt is 
claimed that no other pav(;ment j)ossesscs such 
valuable characteristics, and cork asphalt is thus 
pre-eminently suitable for all classes of trattit;, 
horse, motor, or otherwise. It is manufactured 
in the form of homogeneous blocks of uniform size, 
and iht) surface, when laid, is regular and even. 
Frost does not so readily a(!t on it as on other 
classes of pavement. 

The first cost of cork asphalt coinpartvs favourably 
with that of other pavements, and tho cost of 
uj^keep is much less, owing to its durable natures 
This class of road paveiiumt has been largely 
used by H.M. Office of Works, by num(;rous 

I irovincial bortiughs and corporations, and by the 
cading railway companies. 

This {lavement is manufactured in blocks similar 
to wood blocks in sizes from 9 in. by 4J in. by 1 in. 
thick to 9 in. by 4.J in. by 2 in. thick. It is laicl 
on a concrete foundation, its cost comjiares favour- 
ably with that of wood, and its average life is 
somewhat longer. ^ * 

Gutta-perchtf Paving. Gutta-percha, like 
cork, is the ideal of noisclessness, but is in a very 
experimental stage as . yet, and has hartUy come 
within tho scope of practical corsid(*ration. A 
small piece is laid at the entrance to Euston Station, 
London, and in small, short sections at Glasgow. 
The sheets are laid down at their sides u|)on a 
concrete foundation by strips of iron, which clasp 
the edges tight on each other, indiarubber in 
large sneeta about 1 in. in thickness has been 
introduced in Hanover as a material with which 
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to pave roads, and it has also been used in the 
courtyard of the Savoy Hotel, London. 

Granite Setts. A street pavement composed 
of this material has been in uso for many years. 
This system was introduced into the country by 
the Romans. The size of the paving-stones was. 
however, much larger than modern science firuls 
necessary. One of the first granite pavements 
laid was that known as the “ Euston pavement.** 
This class of pavement consists of squared setts 
(the most general size being 6J in. by 3^ in. by 
6 in. to 7 in, long), laid on a concrete foundation 
consisting of cement concrete, the only reliable 
material. It should never be laid less than 6 in., 
while 9 in. will carry the heaviest traffic. The 
concrete should be composed as follows ; 

Six parts of screened ballast or pravol — all of 
which will pass through a screen of in. mesh — 
and one part of Portland cement, nil thoroughly 
mbeed upon a platform and used while in a ^omi- 
liquid state. The resultant mixture of one ton of 
cement, when mixed in the proportion of six to one, 
is about seven cubic yards of concrete. This will 
cover an area of 42 super, yd. 6 in. deep, and will 
take four labourers one day for mixing and laying. 

Laying Granite Setts. As the concrete is 
laid in the trench the top surface should bo brought 
to the proper camber with the shovel. For ordinary 
traffic, Aberdeen or Norway granites are largely 
used ; these aro bedded on a sand packing free from 
small stones or pebbles, and average 1 in. in thick- 
ness, and laid touching one another, each stone 
being so firmly bedded on the packing that it has 
not to rely on the next one for support, and the 
setts laid to break joint. The ramming requires 
careful supervision, as, in order to avoid the trouble 
of lifting badly laid setts, tho men often try to get 
an oven surface by ramming the high stones extra 
hard, and omitting to ram the low-lying stones, 
or stones inclined to give too much. 

In the North of England and other places tho 
joints are first filled with clean pebbles, after which 
the surface is well rammed, and then run with an 
asphaltio mixture, and covered with a layer of fine 
gravel, while in the South of England the finished 
surface is usually grouted over with a liquid 
prepared from sand and lias lime, or Portland 
cement, and well washed into the joints. No 
traffic should bo permitted on a newly laid pave- 
ment of this class for 14 days. One ton of .setts 
of the size mentioned will covf'r 3*6 superficial 
yards, and a pavior will lay an average of 30 
superficial yards per day of 10 hours. 

Armoured R.oada. Sheffield has had more 
than an average experience of roadways laid on 
what is known as the “ Durax *’ system (armouring 
existing surface with small setts). The total area 
of this kind of paving within tho city is about 
30,000 vards. Some such roads have been down for 
about five years under light traffic, and are now in 
excellent condition without having involved any 
^ cost in repairs. The paving has the advantage of 
possessing more elasticity than an ordinary paved 
“ sett ” road ; in fact, it may bo said that, while a 
strong granite pavement wjU break before bending, 
this lighter form will bend before breaking. 

The Macadam Road* For this class of road 
[ 1 ] tho ground is excavated in the usual manner to 
an approximate circular segment, and the foundation 
formed of “ hard core,** a term applied to a hetero- 
geneous mixture consisting of chalk, broken stone, 
bricks, dry rubble, clinkers, and other dry and 
bard materials. The thickness of the hard core 
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depends on the nature of tho subsoil, but 6 in. may’ 
bo regarded as the minimum thickness, and this 
should be consolidated by rolling, all hollow places 
being filled in and made lev(;l. Upon this, a thin 
layer of dug flints or gravel should bo uniformly 
spread and consolidated. 

Then, to receive and withstand the wear and 
tear of the traffic, a 6 in. coating of stones or ^anito, 
broken to pass all ways through a ring of in. 
internal diameter, should be laid down, and well 
consolidated by watering and rolling, a little 
binding material being lightly scattered and swept 
in over tho surface on completion. 

Material for Macadamising. It is almost 
impossible to lay down any hard and fast line as 
to the material to be used over the whole kingdom 
for this description of road, as nearly every English 
county produces descriptions of stone all suitable 
in a greater or less degree as a road-making material ; 
hut where the material is soft, it will be found 
economical to obtain a harder stone or ^anite 
from a distance, as tho hardest description ol stone 
should always be preferred. Those now commonly 
in use are basalt, Aberdeen, Guernsey, and other 
granites, Moiintsorrel and Ilartshill and Leicester- 
shire stone. Picked slag, hill-picked surface and 
land-dug flints, and gravel, are also largely used 
for suburban side-streets and rural roads where tho 
traffic is not heavy. The cost of granite as a road 
metal and flints or gravel is roughly as 1 to 3. 

Cherbourg Quartzite in England. Until 
1885, this material was little known in England, 
At that date, the first cargo was imported and laid 
upon a length of road situated close to Gravesend, 
and remained eight years without needing repairs. 

T*he natural cautiousness of the English engineer 
when dealing with something which has not been 
proved has prevented this material from being 
classed with other granite as a road material. 

Rules for Laying Macadam. A rule to 
find tho area of surface that can bo covered by 
one cubic yard of broken material is as follows : 

VVTien tho inotal is not rolled, divide 36 by tho 
thicknosg of tho proposed coating in inches ; tho 
quotient is tho number of superficial yards that can 
bo covered. When tho metal is rolled, divide 27 by 
the thickness in inches to give the required quotient. 

A commonly adopted rule for ascertaining the 
camber of a macadam road is as follows : 

Width of road, say, 30 ft. 

At 4 ft. from centre (on each side), fall J in. 

.. 0 2 in. 

„ 15 „ ,, ,, (its extreme edge), 6 in. 

This class of road is repaired by tho old, worn 
surface being picked up by manual labour, or by 
means of a scarifier, tne new metal being put on 
and steam -rolled with a small addition of matrix. 

Tar. While it is only within comparatively 
recent years that tar macadam has been applied to 
road-making purposes, it has been used in Notting- 
ham, where the first piece of tar macadam was laid 
in this country, for some 50 years, 

There is nothing new in the principle of mixing 
tar with road metal, but a material manufactured 
from tho best hand-pioked selected iron slag, and 
mixed by machinery specially designed, has been 
introduced to comply with tho largely expressed 
desire for a tar macadam suitable for roadways, and 
is specially intended to meet the greatly increasing 
motor and other similar traffic which is now proving 
so damaging to the ordinary macadam road, princi- 
pally due to the suction set up by the rubber tyros, 
which causes disintegration of tho finer material. 



Cost of Tar Macadam. With roads made 
of tar macadam, the initial cost is not very much 
in excess of that for ordinary macadam, while the 
life is considerably greater, thus largely reducing — 
by 40 to 60 per cent. — ^tho cost of repairs and the 
expenses of scavenging. The material is non- 
slipping, and has been laid on slopes and cambers 
of as much as 1 in 30 without any more effect than 
on an ordinary macadam road. 

Preparation of Roadway. The surface of 
the roadway or other area proposed to be pavc‘-d wlnjiild 
(in the case of an existing road or old foundation) be 
scarified by a steam scarifier, or picked over by 
band labour and levelled, to leave a camber, or fall, 
of tho cross section of ^ in. to | in. to I ft., care being 
taken to excavate all soft and weak places, which 
should 1x3 taken out at least 1 ft. in depth, and filled 
in with good, dry, hard core. Tho whole surface 
should then be moderately steam-rolled to cnsur(3 
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street paving [2]. “ It is admitted by all that it is of 
little use to lay any pavement without a good and 
substantial foundation, and none of tho substances 
used requires this more than wood. Such being tho 
case, a substantial concrete foundation is first laid, 
and it should cost tho same, whether granite, wood, 
or other material be placed upon it ; consequently, 
the only thing to be considered is the cost of tho 
wearing surface, its lasting qualities, and its desir- 
ability as a pavement when completed.’' 

Woods for Paving. A wood pavement as now 
laid consists of a good, hard foundation of Portland 
cement concrete, laid 6 in. thick, and floated over to 
an even surface, conforming with the contour lino 
of the proposed finished road. When sufficiently 
set, rectangular blocks of Jarrah, Karri, or otliers of 
tho eucalyptus or blue gum types, 9 by 6 by 3 in., on 
tho face, cut die square, with the fibre vertical, .are 
laid with close joints upon the finished surface of tho 



1. TRANSVERSE SECTION OF A MACADAM CARRIAGE-WAY 


thorough consolidation (a very essential point), but 
the rolling should bo discontinued before the surface 
becomes “smooth,” as a “key” is neee.ssary, and an 
air circulation is required in tho foundation. 'I’h<3 
tar slag-macadam is then laid on the foundation 
prepared as above in two coats of varying thickness, 
according to tho traffic for which it is required, 
each coat being well rolled with steam-roller, 
weighing not more than six tons, and tho surface on 
completion being dusted over with fine chippings, 
and finally well rolled until it is quite hard. Tho 
material of the bottom coat should bo spread \vith 
shovels in the same way as ordinary macadam, and 
should bo allowed to lie open before being rolled, 
for at least 24 hours, to allow it to l>ecomo partially 
set and tovgh, which ensures tho levels remaining 
true ; and f ho toj) coat laid with rakes (kept 
heated) to enable a level and true surface to bo 
obtained. This coat should also remain open 
a fcAv hours before rolling, and, where possible, the 
rolling of the material should not be done during 
rain, or until it has had sufficient time to dry. 

Tho thickness at which tho material should bo 
laid may be taken generally as shown below. 


concrete. To allow for the expansion of the wood 
transversely across tho street, a IJ-in. expansion 
joint of sand is provided next to the kerb. T’ho 
interstices between tho blocks arc often grouted with 
liquid Portland cement and fine sand, a bituminous 
mixture of tar and pitch, or tar alone. The mixture 
is poured over tho surface and “ squet'geed ” or 
brushed until it disappears between tho wood blocks. 
Tho surface is then sprinkled with coarse sand or 
fine grit, and the traffic allowed to sqiieezo it, thus 
preserving tho wood and rendering it loss slippery, 

Creosoting the BlocHs. If soft woods are 
used, the blocks should bo croosotod by at least 10 lb. 
of creosoted oil being driven into every cubic foot of 
wood, so that each block may bo thoroughly 
penetrated. The life of tho blocks is not materially 
increased by tho creosoting, hut they aro rendered 
less absorbent. The life of this pavement depends 
upon the amount of traffic, quality of tho material 
used, tho locality (whether open or confined), and 
tho width of tho vStrcct, but tho average estimated 
wear of Jarrah or Karri blocks is J in. per annum. 

Karri wood is hard, heavy, and tough, and it is 
recognised as one of the most durabhs woods for 
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2. TRANSVERSE SECTION OF A WOOD-PAVED CARRIAGE- WAV 


Roadways with local or through traffic : Work 
to be laid in two coats, totalling 4^ in. in thickne.ss. 
Bottom (joat, 3.J in. thick of 2-in. gauge material. 
Top coat, 1 in. thick of J-in. gauge material. 

Roadways with light traffic : Work to be laid in two 
coats, totalling 34 in. in thickness. Bottom coat, 
2J in. thick of 2-in. gauge material. Top coat, } in. 
thick of f-in. gauge material. Tho life of this 
description of paving may be taken as seven and 
five years respectively. 

The practice of tarnng the surfaces of waterbound 
macadam roads which nave not sufficient traffic to 
justify their conversion to tar macadam is to be com- 
mended. The dressing mitigates the dust nuisance, 
and prolongs the life of the macadam. 

Wood Paving. The first wood -paved roadway 
liud in London was in front of Old Bailey in 1839. 
Since this date wood has mado giant strides as a 


street paving. Jt is cut from n tree whose average 
height is 200 ft. by 4 ft. in diameter at 3 ft. to 4 ft. 
from tho ground, and has its first branches at a 
height of 120 ft. to 160 ft. The concrete foundation 
is .similar to that described under Granite ^etts. 

Soft woods have been used mostly in London on 
account of their being less noisy under traffic than 
hard woods, but their chief objection is that they 
wear more quickly than hard woods. 

The? comparative expansion of creosotod against 
plain soft wood blocks after immersion in water 
for 48 hours has been found to bo as follows ; 

On length of block creosoted *099 ; plain ’6 
„ width „ „ *67 ; „ *83 

„ depth „ „ ’16 ; „ *31 

These represent, in a thirty-feet carriage-way, 
2J inch for plain blocks and practically 3 inch for 
creosoted blocks, if under the same conditions. 

1047 


GROUP 8>-OIVIL BNQINEERINQ 


Road Sanitation. The sanitation of roads is 
a question which has not received, by scientific and 
practical investigation, the attention as to its 
influence upon health demanded by its importance. 

In 1866, when the Metropolis Local Management 
Act came into operation, thero were no asphalt or 
wood- paved roads ; steam-rollers wore unknown, 
and the mud was up to one’s ankles on a wet day. 

Street Cleaning. The Public Health Act, 
1876, contained provisions for the proper cleansing 
and watering of streets. The Public Health (London) 
Act, 1891, made it compulsory for every sanitary 
au thority to employ a sufficient number of scavengers, 
or contract with any scavengers, for the execution of 
the duties of the authority under this Act with respect 
to the sweeping and cleansing of the several streets 
within their district, and the collection and removal 
of street refuse. 

Streot-sweepirg by rotary brush machines drawn 
by horses is found to be 33 per cent, cheaper than 
if done by hand. It might bo expected that, where 
streets have been paved to a very even surface with 
wood or asphalt, they should be kept much cleaner 
than they are, but the difficulty is that not only is 
mud and dust produced by the droppings on any 
particular street under observation, and from the 
sanding it receives to reduce slipperiness, but there 
is also a large amount of dirt from adjoining streets 
transferred by the wheels of vehicles ; and in any 
wide- jointed paving, such as granite setts, it is 
surprising what an amount of mud may bo retained 
in tne joints after the surface has been as eilectually 
cleaned as ordinary processes can make it ; for as 
soon as traffic begins to run over a road just swept, 
horses’ feet and wheels at once begin to disturb the 
mud from the joints, and it soon appears as if 
nothing bad been done to clear it. 

Coat of Cleaning. Macadam must head the 
fist as the most costly for cleansing ; next to that 
granite paving must be placed. Very close after this 
comes soft wood, the disintegration of which is very 
rapid, and the spongy nature of its surface assists 
to accumulate mud. Hard wood- paving can be 
placed at a considerable distemce below soft wood, 
for if jiaved with close joints its surface is almost 
impervious, and it is easily cleaned. The road 
material costing the least for cleaning is asphalt. 

Value of Road Materials. For years past 
endeavours have been made by various processes 
to determine the relative values of road-stones, and 
with more or less success. We have now under 
everyday traffic conditions, and upon a reasonably 
largo scale, tests from which it is hoped accurate 
conclusions may bo reached. The Road Board, in 
co-operation with several local authorities, have 
arranged for many different kinds of materials to 
be laid under identical circumstances supporting 
the same intensity of traffic. 

In Kent, and within ten miles of London Bridge, 
a length of about 1^ miles of the London-Folkestono 
road has been divided into 23 sections, each repre- 
senting about 1000 superficial yards, and upon these 
materials ranging in price from Is. fid. to fis. 3d. 
per square yard have been laid. The first four 
sections were laid by the Kent County Council, the 
remaining 19 sections being given to contractors. 

Materiala in the Road Board*8 Test. 

Tho materials under test are. ns follow; Ordinary 
water-bound granite, tho same (tar painted), single 
pitch grouting, double pitch grouting, Durax 
armouring, Kentish ragstone, tarred macadam, 
bitumenous macadam, granite grouted with Tarvia, 
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asphalt macadam, natural asphalt matrix, slag tar 
macadam (single and double thickness), Plascom, 
Cormastik, Tarmac, Rondolcum, Roemac, Koad- 
amant, Tarviated macadam, Lithomac, Pitchmac, 
Trinidad Lake asphalt (3 and 4 inches thick). 

In each section, sockets are fixed on concrete 
bases, and measuring apparatus has boon designed 
which fits in these, and by which means wear will 
be capable of measurement to the minutest part 
of an inch. Periodically, tho wear will bo measured 
and carefully plotted upon large-scale diagrams. 
Traffic statistics will be taken bi-monthly, and 
reduced to a denominator of tons per yard width of 
surface per annum. The traffic upon this section 
of road is heavy, representing upwards of 160,000 
tons per yard width per annum, and including a 
frequent motor-omnibus service. 

Cost of Maintenance. It is well known that 
our highways wore tho foundations and nursery for 
developing the mechanical traffic which has entered 
into a stage of prosperous commercialism, and is now 
creating an enormous burden upcjn the local rate- 
payer without equal contributory advantage ; and 
thus it appears a great misfortune that legislation 
should have limited the powers of tho Road Board 
to contributing “ towards ” the cost of “ improve- 
ments ” and not maintonanco. The Road Board’s 
income being derived from the tax on fuel, and 
mechanical traffic developed from that fuel being a 
serious addition to tho expense of maintenance, it 
appears only reasonable that legislation should 
empower a contribution towards such expense. 

Some interesting proposals in regard to road 
construction and maintenance wore recently made 
by Colonel Crompton, consulting engineer to the 
Road Board, who said it seemed to him that in 
future road-construction schemes would have to bo 
carried out in much tho same fashion as railways 
were built. A class of contractors would havc5 to 
be encouraged who would bo responsible for local 
schemes. The mode of construction of highways 
would have to bo reconsidered. It would be neces- 
sary to consider schemes to deal with great lengths 
at a time. He believed tho present high prices of 
road -construction to moot omnibus traffic were duo 
to tho short lengths undertaken. The modem road 
surveyor would find himself able to deal with certain 
constructing firms and to give contracts out not 
only for construction, but for maintenance, as had 
been done not only in England but abroad. He 
believed there was a great opening for engineers and 
machinery in this direction, and that in a few years’ 
time highways would show as great a development 
as railways. A. TAYLOR ALLEN 


Table showing the comparative cost, life, and 
maintenance charge of road surfacing 


Description of 
Material 


! Average 
'Life. 

! Years 


Water-consoli- 
dated macadam 
Tar macadam 
(on existing 
foundation) 
Asphalt (com- 
pressed).. 
Hard-wood 
Soft-wood . . 

Sett iiaving 


2 to 3 


15 to 18 

16 toief 
12 

[20 to 2a| 


8. d. 

3 6 to 


First cost 
per sq. yd. 




j Mainten- g 
arice per '.9 . £ 
«q-yd. jSgfg 

I per aim. 


8. d. s. d. B. d. 
5 OlO atoO 9| 


2 0 to 3 OjO 1 to 0 3 


15 0 to 18 Oil 0 to 1 6,] 

13 Oto 10 Oil Oto 1 311 to 2 

9 0 to 11 oil 2 to 1 6|2 to 3 

15 0 to 17 OjO 5 to 0 o! 2 to 8 


d. d. 
1 to 4 


1 to2 




GROUP 9-LITERATURE • THE IMPERISHABLE RECORD OF THE MIND-CHAPTER 13 


A Further Study of the Prose-writers from Roger 
Ascham to John Dryden. Examples of their Styles. 

THE SHAPING OF ENGLISH PROSE 


Roger Ascham. As our Anglo-Saxon fore- 
bears fought against the influences of Norman- 
French, so Roger Ascham (b. 1515 ; d. 1568), the 
tutor of Queen Elizabeth, reflected the native 
English spirit in his strong masculine prose and 
his antagonism to the “ Italianate Englishman,** 
who modelled his conduct and his studies on 
what he or others brought back from Italy in 
those early days of Continental intercourse and 
travel. Ascham was devoted to the old English 
pastime of archery, and wrote a defence of it 
in English — “ Toxophilus ” — which he dedi- 
cated to Henry VIII., adding an address to the 
gentlemen and yeomen of England in which 
occurs a passage that forms at once an apology 
for and a defence of his native tongue : “As for 
the Latin or Greek tongue, everything is so 
excellently done in them that none can do 
better ; in the English tongue, on the contrary, 
everything is in a manner so meanly, both for 
the matter and handling, that no man can do 
worse.” Then follows the remark : “ He that 
will write well in any tongue must follow this 
counsel of Aristotle, to speak as the common 
people do, to think as wise men do.*’ Thor(^ are 
several important works on education which 
belong to the sixteenth century, but Ascham’s 
** Scholemaster ” is the first in point of time, 
and contains not a little advice the value of 
which is of a porm&-nent charactei. One of the 
truths that he urges is being jjropagatcd in our 
own day with all the energy of our twentieth 
century reformers : namely, the need of awaken- 
ing in the mind of the pupil an interest in 
his work. In this connection the appended 
extract from the “ Toxophilus ” will be of 
interest to the reader ; 

The Wisdom of Ascham. “ If men 

would go about matters which they should do 
and bo fit for, and not such things which 
wilfully they desire, and yet be unfit for, verily 
greater matters in the commonwealth than 
shooting should be in better case than they 
be. . . . This perverse judgment of men 

hindereth nothing so much as learning, because 
commonly those that be unfitU^d for learning 
be chiefly set to learning. As if a man nowa- 
days have two sons, the one impotent, weak, 
sickly, lisping, stuttering, and stammering, 
or having any mis-shape in his body, what do(?s 
the father of such one commonly say ? This 
boy is fit for nothing else but to set to learning 
and make a priest of. . . . Fathers in old 

time, among the noble Persians, might not do 
with their children as they thought good, but 
as the judgment of the commonwealth thought 
best. This fault of fathers bringeth many a 
blot with it, to the great deformity of the 
commonwealth. . . . This fault, and many 


such like, might be soon wiped away if fathers 
would bestow their children always on that 
thing whereunto nature hath ordained them 
most apt and fit. For if youth be grafted 
straight and not awTy, the whole commonwealth 
will flourish thereafter.” 

Henry VITI., who encouraged Ascham, must 
have it placed to his credit also that he gave 
similar aid to Sir Thomas Ei.yot (b. about 1400; 
d. 1546), who wrote on behalf of good govern- 
ment, and translated Pliitnrch “ On the 
Education of Children.” 

The Bible and Bnglish Lriterature. 
As poetry, in a chronological sense, takes pre- 
cedence of prose in the history of English 
literature, so religious works precede secular in 
influencing the growth of English prose. Wo 
may not pause to consider this subject at any 
length ; but the services of the early translators 
of the Bible cannot be overestimated. First 
among these translators was John Wycliffe 
(b. 1325 ? ; d. 1384). Hero it is important to re- 
member, however, that neither the “ WyclifTo 
Bible ** nor any of its successors was the work of 
one man, although “Wycliffo’s Bible,** “Tyn- 
dale’s Bible ” and “ Coverdalo’s Bible ** are 
common terms. The Gospels are the only 
part of the “ WyclifTo Bible *’ certainly 
written by the great Reformer himseli. 

Before Wycliflo’s time only portions of the Scrip- 
tures had been translated into English. Wycliffe 
— to follow the accepted story — set himself a few 
years before his death, in 1384, to the task of 
producing the first complete English Bible. By 
1 382 he had completed the Now Testament . H is 
friend Nicholas, of Hereford, translated most of 
the Old Testament and the Apocrypha. John 
Purvey, a pupil of the Reformer, revised the 
work four years after Wyoliffe’s death. The 
translation (or paraphrase), which was made from 
the Vulgate (or Latin version), was originally 
issued in manuscript form; of this 150 copies 
are still extant. Written as it was for the common 
people, it is remarkable to find with how much 
ease “Wycliffe’s Bible” can still be read. 
Wycliffe was a Yorkshireman, and we are told 
that when, a few years ago, several long passages 
were read to a congregation in his native county, 
not only were they understood by the hearers, 
but almost every word was found to bo still in use, 
William Tyndale. The work of Wycliffe 
was carried on and improved by William 
Tyndale (b. 1484 ? ; d. 1536), a pupil of 
Erasmus, the great co-w’orker with Martin 
Luther in the Reformation. When Erasmus 
published his Latin version of the New Testa- 
ment in 1516, he declared his wish that oven 
the weakest woman should read the Gospels. 
“ I long,** he said, “ that the husbandman 
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Bhonld sing portions of them as he follows 
the plough, that the weaver should hum them 
to the tune of his shuttle, that the traveller 
should beguile with their stories the tedium of 
his journey.” Tyndale declared : “ If God 

spare me 1 will one day make the boy that drives 
the plough to know more of the Scriptures than 
the Pope of Korao.” Tyndale, who was a good 
Greek scholar, studied Hebrew for the purpose 
in hand, and while consulting the Vulgate went 
back to the originals as the basis of his version. 
He was helped in his task by a fugitive friar 
named Roy and others. It was “ Tyndale’s 
Bible ” which, revised by Miles Coverdale 
( b. 1488; d. 1568) — the first complete printed 
English Bible — and edited and re-edited as 
“ Cromwell’s Bible” (15:19), and “ Cranmer’s 
Bible,” or “The Great Bible” (1540), was set up 
in every parish church in England, in some cases 
being chained to the lecterns, or reading desks. 

The Influence of the Bible. To quote 
Dr. Stopford Brooke, “ It got nortli into Scot- 
land and made the Lowland English more like 
the London English. It passed over to the 
Protestant settlements in Ireland.” After its 
revision in 1611 — there had been printt^d mean- 
while tho “Genevan Bible,” a work handier in 
size than its predecessors, in Roman type and 
with the text divided into verses — it went as 
tho Authorised Version with tho Puritan 
Fathers to New England and iixed the standard 
of English in America. “ Many millions of 
people now speak the English of Tyndale’s 
Bible, and there is no book which has had, 
through the ‘authorised’ version, so great 
an influence on tho style of English literature 
and the standard of English prose.” In 
Edward Vi’s reign Thomas (^ranmer (b 1489 ; 
d. 1556) edited the English I’rayer Book (1549- 
52). “Its English,” Dr. Stopford iWoko 
notes, “ is a good deal mixed with Latin words, 
juid its style is sometimes w'eak or heavy, but on 
tho whole it is a tine example of stately prose. 
It also steadied our speech.” To tell the 
influence of the Bible on English 'writers from 
Shakespeare’s time to Swinburne’s would bo to 
specify nearly all the best work of our greatest 
writers. Need we therefore urge its study upon 
c»ur readers, when scarce any writer of note but 
has either acknowledged its inspiration or shown 
trace of it in his work* ? Too much stress cannot 
be laid upon the need — apart from all religious 
considerations — of Biblo-reading on the lines laid 
down by Richard Moulton in that admirable 
work “ The Literary Study of the Bible.” 

Theology and Philosophy. Tho 
development of English rhetoric and English 
philosophic thought Ijetween tho close of tho 
k iifteenth and the earlier part of the eighteenth 
century may be studied in tho writings of 
Hugh Latimer (b. 1485 ? ; d. 1555), Bishop of 
Worcester, whose sermons well sustain the 
homely and direct character of his native tongue ; 
John Knox (b. 1505 ; d. 1572), the Scottish 
reformer and historian ; John Foxb (b. 1516 ; 
d. 1587), whose “ Actes and Monuments,” 
commonly known as “ Foxe’s Book of Martyrs,” 
“ gave to the people of all over England a "book 
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which, by its simple style, the ease of its story* 
telling, and its popular charm, made tho very 
peasants who heard it read feel what is meant 
by literature ” ; John Jewel (b. 1522 ; d. 
1571), Bishop of Salisbury, a learned Protestant 
controversialist ; Richard Hooker (b. 1554 ? ; 
d. 1600), author of “The Laws of Ecclesiasticall 
Politic,” a great theologian whose memory in 
enshr.'ned in “ Walton’s Lives,” and whose 
character is fitly indicated on his monument at 
Bishopsboume, Kent, as “judicious” ; William 
Chillinoworth (b. 1602 ; d. 1644), a notable 
anti -Romanist ; Joseph Hall (b. 1574 ; d. 
1656), Bishop of Exeter and Norwich, one of the 
first of English satirists ; Jeremy Taylor 
(b. 16i:i ; d. 1667), Bishop of Down and Connor, 
the author of “ Holy Living ” and “ Holy 
Dying,” and a voluminous writer who, in tho 
words of his friend Bishop Rust, of Dromore, 
“bad the good humour of a gentleman, the 
oloqtience of an orator, the fancy of a poet, 
tho acuteness of a schoolman, tho profoundness 
of a philosopher, tho wisdom of a chancellor, the 
reason of p-n angel, and the piety of a sp.int ” ; 
Thomas Hobbes (b. 1588 ; d. 1679), a philoso- 
p’.K^r who { pplied the principles of geometry to 
the judgment of human conduct, and who, in 
his “Leviathan,” “De Civo,” “Humem Nature,” 
and other works, showed himself to bo “ the 
first of all our prose writers whoso style may bo 
said to be uniform and correct and adapted 
carefully to the subjects on which ho wrote” ; 
Thomas Fut.ler (b. 1608 ; d. 1601), the style 
of whose best-known work, “ Worthies of 
England,” sliows admirable narrative faculty, 
“ with a nervous brevity and point almost new to 
English, and a homely directness ever shrewd 
and never vulgar”; Sir Thomas Brownk 
(h. 1605 ; d. 1682), a Norwich physician and 
author of “ Religio Medici,” than whom, accord- 
ing to Mr. Edmtmd Gosse, “ among English 
prose writers of the highest merit there are few 
who have more consciously, more successfully, 
aimed at tho translation of temperament by 
Btyle,” and who “ unquestionably tasted the 
divine pleasure of 'writing for its own sake ” ; 
John Bunyan (b. 1628 ; d. 1688), author of 
“ The Pilgrim’s Progress,” a work as famous as 
“ Robinson Crusoe,” as fascinating in a np.rrative 
sense, and of perennial influence on the religious 
thought of the young of all nations ; Isaac 
Barrow (b. 1630 ; d. 1677), another eloquent 
preacher and controversialist (note especially his 
treatise on “ The Pope’s Supremacy ”), and as 
a mathematician worthy to stand near his 
pupil Isaac Newton (b. 1642 ; d. 1727) ; 
Richard Baxter (b. 1615 ; d. 1691), whose 
life may be studied as an example of self-help 
by the side of Banyan’s, and the style of whose 
many writings “ is one of tho finest specimens 
of direct masculine English, and a model for all 
who wish to talk to people instead of at them ” ; 
John Tillotson (b. 1630 ; d. 1694), perhaps 
the only primate who took first rank in his 
day as a preacher, but who “ probably presents 
more examples than any other author of passages 
wherewith to exorcise the skill of the student 
of English composition in weeding out their 
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superfluous words and phrases ” ; John Locke 
( b. 1632 ; d. 1704), author of “ Two Treatises of 
Government,” “ An Essay concerning Tolera- 
tion,” “ An Essay Concerning Human Under- 
standing”’ a work especially to bo commended 
to students on “ The Conduct of the Under- 
standing,” and a philosopher who is spoken of 
as “ the unquestioned founder of the arialytio 
philosophy of mind ” ; and Gilbert Burnet 
(b. 1643 ; d. 1715), Bishop of Salisbury, find 
author of a “ History of the Reformation ” and 
a “ History of My Own Times.” 

Regarded in this brief summary, the works 
of these theological writers may appear unin- 
viting ; but the general reader no loss than tlie 
student cannot neglect them all without missing 
a fruitful part of the great and rich field 
of our national literature. Foxe’s “ Book 
of Martyrs,” Taylor’s “Holy Living” and 
“Holy Dying,” Hobl)es’s “T.<eviathau,” Fuller’s 
“Worthies,” Browne’s “Religio Medici,” 
Bunyan’s “Pilgrim’s Progress” and “The 
Holy War,” Txicke’s “ Human Understanding ” 
— these especially, and others that wb have 
named, are works of which every tmo who 
aspires to a sound appreciation of our literaturf* 
should have first-hand knowledge ; and just as 
wo in early youtli read Bunyan for the sheer 
pleasure of his narrative, so in manhood we may 
read the other religious and philosophical 
wriUTs for their charm of style, their wisdom 
and humanity. 

Prose of the Poets and Historians. 

Both Spenser and Sluiktispearo wrote luose. 
S}X5nsor’8 “View of the Present State of 
Ireland ” is written in a most pleasing style. 
Shakespeare’s prose lias becui the theme of 
many commentators ; see, for example, the 
admirable little manual of the late (teoige 
L. Craik. The student is recommended to study 
the “ men in buckram ” section of “ Henry IV.^’ 
The “ Arcadia ” and the “ Defense of Pocsio ” 
of Sir Philip Sidney (b. 1554; d. 1586) arc also 
to bo studied in this connection. The first 
popular English history in the langiiago is 
“ The History of England to the Time of 
Edward III.” of the poet Samuel Daniel 
(b, 1562 ; d. 1619). After Daniel’s work may 
be CvUisidiTed the “ History of the World,” 
wt tten in the Tower by Sir Walter Raleigh 
(b. 1552 ; d. 1618), and to lie read for its human 
and personal interest more than on account of 
its intrinsic value as history. Edward Hyde, 
first Earl of Clarendon (b. 1609 ; d. 1674), 
friend of poets like Jonson and Waller, wrote 
a “ History of the Rebellion.” This was 
modelled on the style of the Roman historian 
Tacitus, and is specially notable for its bio- 
graphical value. The “ Life of Colonel 
Hutchinson,” the Puritan, by his widow, Lucy 
Hutchinson (b. 1620), is one of the most de- 
lightful of biographies with a historical character 
for subject, and taken up as a study will be 
read through for the charm and simplicity of 
the narrative. To the domain of history and 
antiquarian study belong the writings of 
WiLUAM Camden (b. 1561 ; d. 1623), John 
Sbldbn (b. 1684 ; d. 1664), John Stow (b. 


1525? ; d. 1605), Raphael Holinsued (b. about 
1580), and William Harrison (b. 1534 ; 

d. 1593). Mention must also be made hercj of 
the invaluable Diaries of Samuel Pepys (b. 
1633 ; d. 170.S) and John Evelyn (b. 1620 ; 
d. 1706), and the Letters and other writings of 
James Howell (b. 1594 ; d. 1666), and the ex- 
quisite epistles of Dorothy Osborne (b. 1627 ; d. 
1695), afterwards the wife of Sir William Temple 
(b. 1628; d. 1099), diplomatist and essayist. 

The Beginning of the Essay. The 
meaning of the word essay is “ a testing.” As 
we understand it to-day, an essay is a valuation 
of a subject, usually of a literary or social 
nature, from the standpoint of the writer. The 
“ Essays of Montaigne,” the translation of which 
by John Florio (b. 1553 ; d. 1625) preserves 
for us a vigorous and perennially delightful 
example of Elizabethan prose, hardly come 
within the limits of the essay as we understand 
the word. Shakespeare was evidently familiar 
with his Florio as he knew the translation of 
Plutarch’s “ Lives ” by Sir Thomas North 
(b. 1535 ; d. 1 601 ). The Elizabethan and Jacobean 
pamphlets were, in a sense, essays, but we see 
in them perhaps more distinctly the beginning of 
the modern newspaper, because they were 
published for controversial purposes. They 
form in themselves a somewhat absorbing 
branch of literary and historical study. A 
number of the writers of these pamphlets also 
wrote tales, so that while the “ Euphues ” of 
Lyly [see Literature, jiage 594] is generally 
regarded as the earliest English novel, it is not 
quite isolated as an example of English prose 
narrative. Even if we leave Sidney’s “ Arcadia ” 
out of the question, there are the tales as well as 
the pamphlets of Robert Greene [see page 
679] ; Thomas Iaidge (b. 1558 ; d. 1625), 
whose “ Rosalynde ” inspired Shakespeare’s 
“ As you Like It ” ; and Thomas Nash (b. 1567 ; 
d. 1601), whose “Jack Wilton” provided the 
prototype of Falstaff. Londoners who desire 
to learn how their predecessors lived three 
centuries ago will find a world of entertainment 
in “ The Gull’s Hornbook ” of Thomas Dekker 
(b. 1570 ; d. 1637?). Tlio more permanently 
interesting of all the pamphlets is the “ Areo- 
pagitica,” a trenchant plea for the liberty of the 
printing press, by John Milton (b. 1608 ; d. 1674). 

The First English Essayist. The first 
of the English essayists is Francis Bacon (b. 
1560 ; d. 1626). The student can have no better 
guide than is provided in the fiftieth of Bacon’s 
“ Essays ” — the one entitled “ Of Studies.” We 
quote part of this as exemplifying Bacon’s 
method and perspicuity of stylo : 

“ Studies serve for Delight, for Ornament, 
and for Ability. Their Chiefe Use for Delight, 
is in Privatenesse and Retiring ; For Ornament, 
is in Discourse ; And for Ability is in the Judge- 
ment and Disposition of Businesse. For Expert 
Men can Execute, and perhaps Judge of par- 
ticulars, one by one. But the general! Counsels, 
and the Plots, and Marshalling of Affaires, come 
best from those that are Learned, To spend too 
much Time in Studies, is Sloth ; To use them 
too much for Ornament, is Affectation ; to 
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make ludgement wholly by their Rules is the 
Humour of a Scholler. They perfect Nature, 
and are perfected by Experience : For Naturall 
Abilities, are like Naturall Plants, that need 
Proyning by Study : And Studies themselves, 
doe give forth Directions too much at Large, 
except they be bounded in by experience. . . . 
Reade not to Contradict, and Confute ; Nor 
to Beleeve and Take for granted ; Nor to find 
Talke and Discourse ; But to weigh and Consider. 
Some Bookes arc to be Tasted, others to be 
Swallowed, and Some Few to be Chewed and 
Digested. That is, some Bookes are to be read 
oncly in Parts ; Others to be read but not 
Curiously ; And some Few to bo read wholly, 

and with Diligence and Attention 

Reading maketh a Full Man ; Conference a 
Ready Man ; and Writing an Exact Man. . . . 
Histories make Mon Wise ; Pods Witty ; The 
Mathematiks Subtill ; Naturell Philosophy deepc ; 
Morall Grave ; Logick and Rhetorick Able to 
Contend.” 

The Prose of Ben Jonson. Of Bacon’s 
Essays Hallam rightly declared that it “ would 
be derogatory to any educated man to bo 
unacquainted with them.” Next to them wo 
should place the ‘'Discoveries” of Bkn 
Jonson [see litehature, imgcs 854-5J, which 
Mr. Swinburne prefers before Bafu^ns Essays 
and Mr. Saintsbury describes as coining “in 
character as in time midway between Hooker 
and Drydon.” Jonson’s “ Discoveries ” have 
been too long neglected. A recent writer 
acutely says ; “A comparison of the vocabulary 
of Sir Philip Sidney^s ‘ Defense of Poesie ’ 
with that of the ‘ Discoveries,’ written nearly 
sixty years later, will disclose a far larger niiml^er 
of words demanding explanation in the latter. 
(3n the other hand, a like comparison between 
the two works with reference to the structure 
of sentence and paragraph will exhibit a form 
and symmetry, a sense of order and propor- 
tion, and a consciousness of the demands 
of literary presentment in the ‘ Discoveries ’ 
for which we may look in vain in the somewhat 
loosely-strung periods and formless paragraphs 
of the ‘ Defense.’ This contrast, as Prof. 
Schelling, the first adequately to edit the 
‘ Discoveries,’ points out, becomes the more 
startling when we remember that Sidney’s 
work is characterised by a logical sequence and 
continuity of thought, and that Jonson’s 
is more or less of a commonplace book contain- 
ing, as ho himself says, ‘ discoveries ’ made 
upon men and matter, as they flowed out of his 
daily readings, or had their reflux to his peculiar 
^ notions of the times.” Here is a brief extract 
' from Jonson’s tribute to the eloquence of 
Bacon. It is largely an adaptation from Seneca 
on an Augustan orator: 

Ben Jenson's Praise of Bacon. 
“ There happened in my time one noble 
shaker who was full of gravity in his speaking ; 
his language, where he could spare or pass 
by a jest, was nobly censorious. No man ever 
spoke more neatly, more presly (concisely), 
more weightily, or suffered less emptiness, less 
idleness, m what be uttered. No memb^ of 
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his speech but consisted of his own graces. 
His hearers could not cough or look aside from 
him, without loss. He commanded where he 
spoke, and had his judges angry and pleased at 
his devotion (disposal). No man had their affec- 
tions more in his power. The fear of every man 
that heard him was lest he should make an end.” 

Lowell has applied this passage to Emerson. 
There is a groat deal in Jonson’s “ Discoveries ” 
concerning education and study that will 
generously reward the most careful attention. 
After Jonson, considered as an essayist, come 
Abraham Cowley (b. 1618 ; d. 1667), whose 
language is at once simple and graceful, and Sir 
William Temple (b. 1628 ; d. 1699), distinctly 
a predecessor of Addison. 

It is difficult to classify the ” Anatomy of 
Melancholy ” of Robert Burton (b. 1577 ; 
d. 1640), but Johnson greatly admired it, and 
it is full of quaint and curious learning. The 
“ Microcosmographie ” of John Earle, Bishop 
of Salisbury (b. 1601 ; d. 1665), is at once of 
social and philosophical value, but stands, 
like tlie “Anatomy,” by itself. Three other 
books that demand notice are the “lives” 
and “ Complcat Angler ” of Tzaak Walton 
(b. 1693 ; d. 1683), the first a gem of literary 
biography, the second one of the first of “ country 
books ” ; and the “ Autobiography ” of Lord 
Herbert of Cherbury (b. 1581 ; d. 1648), 
which Mr. Swinburne has placed among “ the 
hundred best books.” 

Criticism. The place of honour as the first 
of English critics belongs to John Dryden [see 
Literature, pages 976-7]. In the words of 
Lowell, Dryden, more than any oth('r single 
writer, contributed, as well by ]>rocept as 
example, to free English prose from “ the cloister 
of pedantry,” and by his masterly handling to 
give it “ suppleness of movement and the easier 
air of the modern w^orld.” 

“ His style,” Lowell continues, “ has the 
familiar dignity so hard to attain, ])erhaps 
unattainable except by one who feels tliat his 
own position is assured. JSwift w’as as idiomatic, 
but not so elevated ; Burke more splendid, but 
not so equally luminous. That his style was no 
easy acquisition, though, of course, the aptitude 
was innate, he himself tells us, when he tells us 
that the Court, the College, and the Town must 
be joined in the iierfect knowledge of a tongue. 
‘The proprieties and delicacies of the English 
are known to few ; it is impossible for a good wit 
to understand and practise them without the 
help of a liberal education, long reading, and 
digesting of those few good authors we have 
amongst us, the knowledge of men and manners, 
the freedom of habitudes and conversation with 
the best company of both sexes, and, in short, 
without w^earing off the rust which he contracted 
while he was laying a stock of learning.’ ” 

The introductions to Dryden’s works are 
specially worthy of study. The famous “ Essay 
on Dramatic Poesy ” has already been com- 
mended. Nearly the whole of Diy den’s criticisms 
■will be found edited by Prof. W. P. Ker in his 
“ Essays of John Dryden.” 

J. A. HAMMERTON 
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The Poor Law Service as a Career. Doctors 
and Nurses in Hospitals and Asylums. 

POOR LAW DOCTORS AND NURSES 


W ITH a single exception, our survey of the 
municipal service is now complete. 
Hitherto wc have been concerned mainly 
with the general duties of local government. We 
have now to consider the machinery that exists 
throughout the country for maintaining the desti- 
tute poor, and for tending the sick and insane, 
among them. This work is performed, for the 
most part, by local boards of guardians, hut tho 
maintenance of hospii als and asylums for the poor 
is often entrusted to special and mon^ powerful 
authorities, in which the Poor Law guardians arc 
duly reprt^Fonted. Tho boards of guardians have 
no direct rcla tion with county or borough councils, 
and arc entrusted with no such general iiowers. 
They arc elective bodies of a (juite s})ecial class, 
charged with only a single function — the adminis- 
tration of Poor Law relief. 

Th(^ guardians of the poor, indeed, are tho 
unpaid oflieial almoners of the nation’s charitable 
doli‘S to thos<^ of its j)opulation whom adverse 
conditions prevent from supporting themselves. 
I’nder tlu; strict direction of the Local Govem- 
nuuit JBoard, the funds raised for this purpose by 
moans of the Poor Hate ar(‘. administered by the 
guardians tlirongh the agency of a largo staff of 
olHcers uf various grades. 

Indoor and Out Relief. Thc^ help thus 
rendered to the poor is of two classes. Outdoor 
relief, in the forni of weekly grants of money, 
food, firing, and free medical aid, is sometimes 
granted in eases of tern[)orary w^ant, and is also 
giv<‘n under certain conditions to enable tlu‘ 
widow ed, aged, and infirm to keep the grim w^olf 
Hunger from their doors. For the rest of tho 
sad army of poverty there is the system of indoor 
relief, comprising various institutions in whi<*h 
the destitute arc housetl and cared for. In addi- 
tion to the workhouses, they include cottag<? 
homes and schools for the <;hildren, infirmaries 
for fls' sick, asylums for the insane, and casual 
wards as purely temporary shelters. This main 
distinction between indoor and outdoor relief 
runs through all Poor Law matters ; and, as we 
shall see, it affords a convenient means of classify- 
ing the various members of the staff employed 
by the guardans. 

The Problem of Relief. The develop- 
ments of the past few years have awakened 
unusual interest in tho problems of pauperism, 
and every thoughtful reader must have reflected 
on the grave responsibilities with which the 
guardians of the poor are entrusted, and the 
heavy cost of the pauper to the State. The growth 
of the Poor Rate, the classification of workhouse 
inmates, Poor Law labour colonies, the treat- 
ment of tramps, the wrisdom or unwisdom of 
extensive out-reliof — such aspects of this great 


national cpiestion arc constantly under debate 
in the public Press. To discuss them here would 
bo idle. But it will help us to grasp the great 
importance of the Poor Law service if wc con- 
sider the latest official returns of pauperism. 

These show 298,877 indoor and 499,020 out- 
door cases rticeiving ndief in England and Wales, 
which gives a total of 797,807 persons (including 
approximately a quarter of a million children) 
maintaiiie<l at the public expense. During the 
last recorded year tluur cost amounted to over 
fifteen millions sterling ! 

The Service as a Career. Let us turn 
from more general considerations to discuss the 
asj)ect of the Poor Liiw service in which we are 
specially interested — namely, tho prospects it 
affords as a career. 

Excepting always the medical and nursing 
section, it must bo admitted that tho induce- 
ments to t'ligage in this branch of municipal 
w^ork, for men and w^omcn of real ability and 
ambition, are somc'what scanty. The stTvicc', as 
a whole, suffers from lack of organisation and 
system. There are no education tests prescribed 
for candidates on entrance, and few^ suitable 
(|ualifleations by means of which an energetic 
subordinate officer may demonstrate his fitness 
for advancenK'iit. Many efficient officers remain 
for weary years, not only without promotion, 
but without even the smallest advance of salary 
to rew^ard ability or encourage (Muleavour. 
Further, while jiosts of distinctly inferior grade 
are properly remunerated, tlu^rc arc few appoint- 
ments of intermediate worth, and still fewer 
really valuable prizes. The popular outcry 
against tho burden of tho Poor Haf.<i tends to 
keep stipends small ; and the general level of 
salaries for clerical and executive work under the 
guardians is certainly lower than that prevailing 
under the local councils. 

An Expert’s Views. In connection with 
this matter, it should bo mentioned that a 
pow’^erful voluntary organisation (exists in tho 
service, \md<*r the title of the National Poor Law 
Officers’ Association, for the dual purpose of 
increasing tho efficiency of officials and of im- 
proving tlu'ir status. A former President, 
T)r. James Milward, of Cardiff, has expressed 
himself so justly and wisely on tho prospects 
of the Poor Law service that his remarks are 
worthy of quotation. 

“ It will, 1 think, readily be admitted,” said 
Dr. Milward, “ by most people who have had 
much practical experience of the Poor Law, 
that its great fault is that it stands almost or 
quite alone among the branches of the public 
service in not providing a career for its members. 
In our Civil Service generally tho prospect of 
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promotion is active in stimulating the official 
to do his duty — and a little more. Unfortunately, 
hero there is no such motive. No matter how 
able, zealous, or efficient an officer may be, he 
rarely 2 >a 88 e 8 from one grade to a higher. There 
are no prizes in his profession.” 

Uninviting Prospects. That the state 
of things thus sketched calls for an effective 
remodelling of the Poor Law system is hardly 
to be denied. The aims of the Association in 
the direction of reform are thus summarised by 
the authority already quoted : “ We have still 
before us the two great problems of the training 
and promotion of officers, with all that those 
problems involve. First comes the question 
of the examination of the candidates for the 
various branches of the service. Instead of 
adult applicants for posts relying on their 
own persuasive powers or the influence of 
friends, they should qualify themselves, as in 
other branches of the ijublic service, by exami- 
nation when young ; and, entering the service 
at the bottom, should learn their business in 
subordinate offices, and rise according to their 
abilities, with salaries graduated according to 
their posts and the length of their service.” 

There arc indications that some such re- 
organisation as is here depicted may bo expected 
in the future, though it is as yet too early to 
attempt a precise forecast. The powerful Royal 
Commission on the Poor Law, which issued its 
report in 1909, made sweeping recommendations 
for remodelling the whole system of relief, and 
for placing the Poor Law service on a more 
satisfactory footing. And though exports 
regard it as unlikely that any such complete 
reorganisation will bo effected by statute for 
some years to come, improvements in tlio 
service are constantly b(ung effected meanwhile 
by means of Local Government Board orders. 
IMrthcr, a Poor Law Examinations Board, 
constituted in 1910, holds examinations annually 
for relieving officers and for workhouse officers. 
In this way the Board has laid the foundations 
of a new and important system ; the value of 
its certificates is becoming more widely recog- 
nised every year, and ultimately these tests may 
become compulsory for the higher branches of 
the Poor Law service. 

Humanising the Poor Law. Prospective 
candidates must not overlook the fact that an 
officer of the guardians works under conditions 
which to a sensitive nature are depressing or 
painful. He is brought into daily contact with 
the direst poverty, and all its attendant miseries 
of dirt, disease, and vice. To a humane public 
servant, however, this very circumstance gives 
his work among the obscure poor its greatest 
dignity and worth. It offers countless occasions 
for helping the helpless and befriending those 
who sorely need a friend. In the case of appli- 
cants for . relief or maintenance, the relieving 
officer is charged with the duty of fully investi- 
gating their circumstances and character before 
their request is submitted ; and, in deciding the 
nature and extent of the aid to be offer^, the 
board is necessarily guided in the main by 
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that officiars report. Similarly, the fortunes of 
the appeals of workhouse inmates for special 
lea\‘e in search of work, indulgences in the 
matter of diet, and other privileges are largely 
determined by the views of the guardians’ clerk 
and the master or matron of the house. These 
instances will show what responsibility and 
power the Poor Law officer possesses, and what 
scope his work affords for patience, conscien- 
tiousness, and humanity. In this connection 
it is noteworthy that a leading municipal 
authority, whoso opinion the present writer 
sought as to the most useful branch of Local 
Government work, replied as follows ; “ For 

a career of sheer usefulness and service, ^ 
distinguished from high monetary reward, I 
regard the administration of the Poor Law as 
foremost, and would specially mention the 
valuable work of the nurses in our infirmaries 
and hospitals for the pauper classes.” 

How we have Improved. How 

vastly official methods of treating pauperism 
have progressed since the days when the 
“ sturdy beggar ” was whipped, branded, 
and enslaved, readers will scarcely need to bo 
reminded. The records of Exeter workhouse 
show that two centuries ago the task of “ per- 
forming cures on wounds and sores ” on the 
hapless inmates was entrusted to the tender 
mercies of — the beadle ! The strides made dur- 
ing oven the lost fifty years or so toward a 
huraaner method can best ho realised, perhaps, 
by comparing a modem workhouse with that 
described in “ Oliver Twist.” Yot much still 
remains for individual effort to accomplish in 
the humanising of the Poor Law. 

A single instance, selected almost haphazard 
from among many such, will serve to illustrate 
the possibilities of kindly service awaiting the 
humane official. The introduction into Hull 
workhouse of the “ Brabazon ” system of 
skilled work, which has atlded a new pleasure 
and interest in life to many of the unhappy 
inmates, was due in the first instance to the 
consideration of the master and matron. To 
be able to soften in ways like this the operation 
of a Poor Law system, which in itself is apt to 
be hard and grim, is a prospect which might 
have tempted St. Francis of Assisi to become 
a guardians’ officer. 

Service Pensions. Under the Super- 
annuation Act of 1896, servants of the guardians, 
in return for a deduction' which in the case of 
new appointments is two per cent, of their pay, 
are entitled to resign on two-thirds salary after 
forty years’ service, or on a smaller proportion if 
invalided earlier. Female nurses and attendants 
may join the scheme or not, as they please, hut 
with all other officers the system is compulsory. 

Hospitals and Asylums. The Poor 
Law infirmary or hospital is on practically the 
same footing, in respect of its ^ministration, 
as the asylum for pauper lunatics and imbeciles. 
These two classes of institution may therefore 
be considered together. In discussing them we 
may adopt the convenient method (already 
followed more than once in this course) A 



selecting a leading and typical authority and 
commenting on such differences in the condi- 
tions of employment as distinguish it from loss 
important bodies. 

Metropolitan Asylums Board. In its 

Poor Law administration, as in so much else, 
London affords us the most striking instance of 
this class. The Metropolitan Asylums Board, 
popularly known as the “ was created 

by the Metropolitan Poor Act of 1867 to furnish 
proper provision for the imbecile poor, and for 
others who were stricken with fever or small- 
pox. It now owns 10 great fever hospitals, 
3 others for smallpox, a motor and steam- 
ship ambulance service for the removal of 
patients, 6 institutions for the mentally defec- 
tive, 2 largo hospitals and 5 schools and homes 
for sick children, 
a training ship 
for boys, the 21 ^ 
metropolitan i • 
casual wards, 
and 2 sanatoria 
for c o n s u in p- 
tives under the 
National Insur- 
ance Act. These 


ance Act. These | ^ 
are controlled 
by 73 managers, 

55 of \>'hon:i are ife “71 



elected by the I 
J^ondon boards 
of guardians, 
the remainder 
being nominated 
by the Local 
Government 
Board. 

Through the 
courtesy of the 
clerk, . Mr. T. 

D u n c o m b e 
Mann, we are 
furnished with 
authoritative particulars as to the staff of this 
great Poor l^aw association. In respect of medical 
appointments, the following details are given ; 

Infectious Hospitals. There are 11 
medical superintendents at £400 a year, rising 
£25 cannually to £700, all with unfurnished 
houses, and some receiving extra remuneration 
for acting as clinical instructors to medical 
students. These officers arc in supreme control, 
and their duties are therefore very wide- 
reaching. About 60 assistant medical officers 
are employed in two grades. Those in Class I 
receive £280 the first year, and afterwards 
£300 per annum; while for Class II the scale 
of pay is £180, rising £20 annually to £240 — 
all with board, lodging, and washing. Among 
the assistant officers about fourteen vacancies 
occur (svery year. 

Imbecile Asylums. Medical su{)erin- 
tendents receive £600, rising £50 yearly to £800, 
with unfurnished houses. Their staff of 14 
medical assistants comprises three classes of 
appointment. The scale of pay in the first 
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class is £300 to £360 ; in the second, £210 to 
£250 ; and in the third, £180 to £2(K). All 
assistants receive board, lodging, and washing 
in addition to their pay. 

The medical officers of workhouse infirmaries 
are less liberally remunerated. Where several 
resident doctors are required — as in the larger 
London unions — the senior officer may receive 
between £350 and £450 a year, and his assistants 
from £120 to £250 or £300, according to tlieir 
grade. But there is no uniformity in the rates 
of pay offered by the guardians, and in country 
areas the scale is often lower. 

District Medical Officer.. In order to 
make complete our survey of medical appoint- 
ments in the Poor Law service, it is necessary 
to refer to the district medical officer, better 

known among his 
jiatients as the 
“ ])a.rLsh doctor.” 
This is a non- 
resident post, the 
local practitioner 
who holds it being 
Hiquired, in re- 
turn for a fixed 
salary paid him 
by the guardians, 
to furnish the 
j)oor of his district 
w i t li III e d i c a 1 
treatment and 
drugs. Extra fees 
arc pi escribed by 
the Local Gov- 
ernment Board 
for certain oper- 
ations, and there 
may be special 
charges macle for 
childbirth coses, 
and for cod- liver 
oil and similar 
medicines sup- 
plied. The remuneration paid is never very 
considerable, varying from a })urely nominal sum 
to £150 or so yearly. But many a struggling 
young medical man finds his sheet-anchor in 
the £80 or £100 a year he receives as parish 
doctor ; and cv(*n more flourishing practitioners 
do not disdain such an addition to their incomes. 
This offi(;ial. however, is now yielding ground 
to the iiancl doctor” — the medical officer 
provided for insured persons by the National 
Insurance Act of 1911 — and the earnings of 
the “ parish doctor ” will inevitably diminish 
still further in the future. 

Matrons and Nurses. The responsible 
officer in charge of the nursing and household 
establishment in Poor Law hospital and asylums 
is the matron. Her post is generally admitted 
to bo an arduous and an anxious one. With or 
without the aid of an assistant, she is required 
to superintend the work of her staff of nurses, to 
train the probationers, and, while thus attending 
to the professional side of her duties, to secure 
tho smooth working of the whole institution by 
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careful regard for a thousaiiil domestic details. 
These duties need a qualified nurse who is also 
a capable, energetic organiser ; and, well paid as 
she is, the matron fully earns her salary. In 
nursing institutions generally, her normal rate 
of pay as a resident officer is from £80 to £120 
a year, and her assistant is rewarded at about 
half this rate. 

Respecting the Metropolitan Asylums Board 
service, Mr. Mann writes : “ The matrons of the 
Board’s institutions must all be trained nurses ; 
the pay varies from £120 to £150 a year, accord- 
ing to importance of position. In each case full 
resident allowances are granted. In the eh i hlren’s 
schools the matron is hea<l of , the institution, 
but in the asylums and . hospitals is not, the 
medical superintendent being in charge. The 
whole number of matrons employed is about 25.” 

Nurses under the Asylums Board. 

The staff of nurses employed by the Metropolitan 
Asylums Board is a very largo one ; it varies 
considerably from time to time, but generally 
numbers about 1700 at the Board’s hospitals 
and institutions for children. In addition, about 
1000 nurses and mahi attendants are emgaged 
for the mentally defective. 

Assistant-matrons at , all institutions are paid 
from £55 to £05 per annum. • Th the infections 
service the following grades of nurses are em- 
ployed : Sister (£38 to £44), who must have been 
trained ; staff nurse (£26 to £34), who is required 
to have undergone a general or . fever hospital 
training; assistant; nurse, Class J. (£24 to £28), 
who must have liad certain nursing experience, 
and must be twenty-three years old at least ; 
assistant nurse. Class II. (£20 to £22), and jmo- 
bationer nurse (£18 to £20). For the last two 
classes no previous experience is lu'cesaary, but 
candidates must be twenty-one years of age. 
Probationers are trained for the profession, and 
on passing the necessary examinations are 
granted certificates. Assistant nurses may enter 
for the same examinations, and if they are 
successful they are promoted to staff nurses. A 
certain number of probationers, after two years* 
work, arc transferred to the great London general 
hoBj)itals to finish their training, the fever 
hospital experience counting as one year’s 
general training. All nurses receive full resi- 
dential allowances. 

In the children's service the grades are; Head 
nurse, or homo sister (£35 to £44); ward sister, 
or charge nurse (£34 to £38) ; staff nurse (£27 to 
£34) ; assistant nurse (£20 to £28), and proba- 
tioner (£10 to £18). 

Care of the Feeble-minded. For the 

care of imbeciles and feeble-minded^ the posts 
are : Head nurse (£36 to £46) ; charge nurse 
(£30 to £36); deputy charge nurse (£29); nurse 
(£22 to £28), and female industrial trainer (£25 
to £45). Ample recreation time and leave (annual 
and occasional) are granted to all nurses. Fur- 
ther particulars can be obtained from the Clerk 
to the Metropolitan Asylums Board, Victoria 
Embankment, E.C. 

Another important authority, the London Asy- 
lums Committee, remunerates its nursing staff at 
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the following rates, in addition to board, lodg- 
ing, washing, and uniform : Head night nurse 
(£45 to £53) ; head day nurse (£45 to £50) ; special 
charge nurse (£38 to £42); first class nurse (£31 to 
£37); second class (£20 during probation, then 
£24 to £30). In each case the increment is £1 a 
year. While on probation, nurses are required to 
attend classes for instniction. Extra payments 
are made to those nurses who pass certain 
recognised examinations. 

Confusion in the Nursing Service. 

The Poor Law nursing service, as a whole, 
exhibits no uniformity of system in respect of 
either salaries or qualifications. 

Some boards of guardians require merely that 
applicants should have had a year’s experience in 
a public institution, while others insist on two or 
three years’ systematic training in a recognised 
hospital school ; and those boards with a largo 
hospital or infirmary under their control 
generally prefer to train their own staff os far as 
l)ossiblo. i<*or general infirmary duty, the Central 
Midwives’ Board certificate in midwifery is a 
very valuable qualification. 

For head or charge posts, the usual age limits 
are 25 and 35 or 40 years, and for assistants or 
probationers, 21 and 30. Fully trained and 
certificatixl n\irses are i>aid from £32 to £45 as 
resident officers— or £65 to £85 if non-resident — 
according to the liberality or othenvise of tho 
guardians and the importance and responsibility 
of the appointment. The initial salaries of those 
wlio are less highly qualified, or hold assistant 
rank, vary in the same way between £30 and £21, 
-or occtxsionally as low a limit as £18, a year. Tho 
following are average figures for probationers ; 
-Two years’ training, £12 and £16; three years’, 
£10, £16, and £30. It is commonly stipulated 
that applicants for nursing posts must be either 
single women, or widows without children 
dependent on them. 

Position of Poor Law Nurses. 

The position accorded to Poor Law nurses 
varies no less than their stipends. The Metro- 
politan Asylums Board is careful to provide 
each officer, as far as possible, with a room 
of her own, and expressly declares that “The 
nurses rank as a class superior to and separate 
from the other members of tho female staff, 
^ and are boarded and lodged apart from the re- 
' mainder of the hospital staff.” But in small 
infirmaries these officials are sometimes far 
less punctiliously treated. In this respect, as 
in others, the service needs to be established on 
a uniform basis. 

A brief reference may be made here to tho 
attendants of either sex employed at Poor Law 
asylums and hospitals. Tho rates of pay and 
conditions of entrance very closely resemble those 
already given relative to the posts of labour 
master and mistress. Under the Metropolitan 
Asylums Board, male attendants on the feeble- 
minded receive from £32 to £115 a year, with full 
emoluments. For an attendant’s position the 
qualifications most in request are go^ character 
and bearing, sound health, and physical strength. 

ERNEST A. CARR 
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The Mechanical Theory of Life and Its Negation Iby Bergson 
the Philosopher and Driesch the Experimental Biologist 

LIFE IS MIND AND MIND IS LIFE 


O XJB way of looking at living beings is hence- 
forth to be strictly evolutionary. Bergson, 
as we shall see, has imposed this necessity upon 
many evolutionists who have altogether forgotten 
their own great princiiile. In no other problem 
is this necessity so deep and so momentous as in 
that which is now before us. Until the last 
few years wo have contentedly assumed, on the 
scientific plane, that the physiologists were right 
in declaring that all multi- cellular living beings 
are none other than associations of colls, which, 
by their association, make the organism. The 
most whole-hearted evolutionists, such as Sir 
Kdward Schafer, of Edinburgh, in his recent 
Presidential Address to the British Association, 
have imposed upon most of us a tremendous 
fallacy, just because they have failed to look at 
living beings in the evolutionary way, even when 
they most protested that they were doing so. 
liCt us see what the issue is. 

The Work of the Physiologists. The 

physiologists in general, including the great 
pioneers in the nineteenth century, and such dis- 
tinguished representatives of the school as Sir 
Edward Schafer, and Professor E. H. Starling, of 
University College, devote their lives and splendid 
powers to studying how the living creature 
works. That is what we mean by physiology. 
It is the study of function as distinguished from 
the complementary study of structure, which we 
call anatomy. Above all, such physiologists as 
we have named are concerned with the body 
of man, and their official duties are to teach 
medical students the normal working of the body 
prior to their study of its abnormal working 
in disease — the science of pathology. But no 
modem physiologist, nor any past physiologist 
worthy of the name, oonfinos himself to the study 
of man. If ho did, he would steadily fail. 

Building up the Book of Lilfe. All 

progrc‘ss in the study of life has depended 
upon wh;‘t we call the comparative method. 
Each form of life is, if we could fathom it, a 
key to all the rest. Each form of life offers 
to our reading some sentence or phrase or 
syllable or letter of the Book of Life which we 
are trying to decipher. Thus the physiologists, 
perhaps desiring to explain the action of a given 
gland in man, in relation especially to the hope 
that thus some obscure disease, such as diabetes, 
may be unravelled, will spend, it may be, twenty 
years in the study of not man, but the dog, 
while, in an adjoining institution, another 
physiologist is observing the behaviour of certain 
plants, not without hope that his results nmy 
contribute to our understanding of cancer. 

Hence, the physiologists have been naturally 
led to generalise about the nature of living things ; 


and the conclusions which they reach dopoiul, 
as they must and should, upon the nature of the 
evidence before them. But what is that evidoiic{i ? 
The physiologist studies the functions of, say, 
the liver, the pancreas, and the thyroid gland 
in man or any of the higher animals ; or he studies 
the action of the h(^art and blood-vessels in tlio 
circulation of the blood. In the first case he 
discovers a long series of chemical facts, and in 
the second a wonderful mechanical apparatus 
of pumps, valves, and tubing ; and he sees that 
these chemical and physical mechanisms serve 
the life of tl\o living creature. 

The Body as a Machine. Indeed, when 
he examines the body, whether Af an animal or 
a plant matters not, the physiologist finds that 
it is a sort of imnieasurably complex physico- 
chemical mechanical laboratory, made of a multi- 
tude of living cells of various kinds, arranged 
in tissues and organs, together with a good deal 
of lifeless material, which serves various mechani- 
cal fuiictions, but which has been made by certain 
of these living cells. In this machine, as in those 
which man makes, the physiologist finds the 
repetition of certain orderly processes, such as 
the circulation of the blood, the phenomena of 
digestion, the respiratory circle, and so forth. 

The reseinblancJh and parallelism to, say, a 
motor-car is obvious and eloso. To compare the 
aeroplane and the lark is to marvel at the funda- 
mental identities of mechanical jjrinciplo which 
both display, each taking in mechanical energy 
in the form of food or petrol, each using it in 
what is really one and the same way, and pro- 
ducing the same chemical waste-products — 
water and carbonic-acid gas — ^in the process. 
The whole story of physiology consists of 
the recognition and elucidation of parallels of 
this kind. Some of them are mechanical, like 
questions of pumping and ventilation and loco- 
motion ; some of them are chemical, like those 
of nutrition and digestion and excretion, and so 
forth, but all belong to the physico-chemical 
order. Doubtless they arc very complicated. 
But if wo compare the working of the lark and 
the working of the aeroplane, this difference in 
complexity is all that we can admit. 

The Chemical Theory of Life. Whore 
the aeroplane does what is wanted by a simple 
process, such as the combustion of the petrol by 
an electric spark, the lark does the parallel thing 
by moans of a long and still obscure series of 
chemical fermentations ; and so in other cases. 
But mere degrees of complexity do not con- 
stitute differences of kind, A machine is still a 
machine, whether it be a child's toy or the engine 
of a Dreadnought : size and complexity do not 
affect the nature of the thing, 
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Hence the physiologists, looking at and for 
mechanism, and finding it, proclaim that 
physics and chemistry will give us the key to 
vital processes. As each year passed, and found 
fhem in the possession of some new light upon 
the details of these physico-chemical processes, 
they became nioi^ and more certain that, with 
time and patience, they would completely 
explain the living being as the physicist and 
chemist can completely explain, in all essentials, 
the working of a motor-car. 

What is Life ? It is clear, in the case of 
the motor-car or any not-living machine, that 
the machine is made by the assemblage and duo 
co-ordination of its parts. Similarly, when we 
look at the lark or the oak or even a man — 
observe what awful consequences are about to 
follow — we may conclude that it is simply thc‘> 
association or assemblage of cells, tissues, organs 
of various kinds lhat make the organism., and any 
“ mind ’* or “ soul ” it may possess. Appanuitly 
a multitude of cells, of happily adjusted kinds, 
have built themselves into an arrangement, 
with “ physiological subdivision of labour,'’ so 
that the living lasing is thus constituted. 

Take these cells ai)art, and the living b(‘ing 
ceases to c^xist, just as an aeroplane ceases to 
exist if all its parts are separated and scattered. 
Our notion of individuality, of ourselves as 
Persona, as single, indivisible entities — oui* ideas 
of the Self, of th<j Psyche or 8oul — where are they 
now ? Obviously they cannot stand. The idea 
of a living individual must be a myth. Any of 
us is only an individual in the sense that an 
aeroplane is an individual — because its parts 
■work together. Really, with this long-dominant 
view, the body of a dog or a man is to be looked 
upon as a sort of colony, a kind of assemblage 
of a mighty host of really separate parts, w'hos(5 
working together, and that alone, constitutes 
the organism, and affords the illusion of an 
individual, a single being. And, of course, wdien 
this physico-chemical machine which w^e call 
tho body is broken up, or wears out, and ceases 
to exist, the living being an<l its life cease also. 
In fact, life, so-called, is not a reality at all, but 
a name we give to the working of certain peculiar 
mechanisms, W’^hich dilTcr from otlun* machines 
only ill that they have a different origin. 

The Physiological Theory of Life. 

Thus tho physiological, physieo-chemical, mech- 
anical, or materialistic theory of life. The fatal 
objection to it is nowhere revealed until the 
last sentence, with wdiieb wo have purposely 
concluded our statement of it. For we have 
forgotten something — something which is not 
tho business of the physiologist, and which ho 
bas^ignoreti, basing his theory of life upon a 
very partial and inadequate survey of the made 
machine merely. 

But the student of the history, the making, of 
the machine is interested not merely in tho 
contents of the chemical retort, to use Bergson’s 
phrase, but in the retort itself. We find what no 
one disputes, but what the pliysiologist has 
simply forgotten, that this retort creates its 
own form through a unique series of acts that 
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really constitute a history.” And no explanation 
of life will satisfy us now that ignores this im- 
measurable difference between tho lark and tho 
aeroplane : the aeroplane was made by the 
put. ting together of pieces of material from 
without, but the lark made itsedf from within. 

That is what we meant w'hen we began by 
saying that we must make our point of view 
evolutionary. The physiologist looks at the 
working of tho lark, and says it is a ma(;hine. 
A dee])er scieneo points to the evolution of the 
lark, and says : “ What kind of machine is this, 
which constructs itself so exquisitely and 
efficiently fron^ an invisible speck — a machine 
not made with lutnds ” It will not do to look 
.sfaticaUy at what is, and to discuss its working ; 
w'c must also look dynamically at how it came 
to be, and must seek to interpret it as a product 
of that mighty stream which we call evolution. 

Does the “Soul” Make the “Body”? 

With this resolve lot us ask ourselves wiicther 
the physiologist is indeed stating the w^holo 
truth when ho points to tho structuro of tho 
organism out of many diffen^nt kinds of cells, 
and to its functioning or working as the result 
of the int(‘r.i(;tion of those cells. Is he indeed right 
in maintaining that the cells make tho so-called 
“ individual ” by their association, and that this 
individual is thus really nothing of th(i sort, and 
his ideas (if ho be human) of the 8elf and the 
Personality and the Soul arc illusions ? 

Or is it really tho individual, the living being, 
that has made the cells by means of dissociating 
and sj)eciaUBing and equipping with organs the 
original ]>owers with wi\ieh it was endowed ? 
Is it not rt‘ally tlu5 living being that makes tho 
body, rather than the body that makes the 
living bcitig ? For life and death, for now and 
hereafter, for religion and conduct, for everything 
that matters, this question is the most important 
that a man can ask and answer. Is the “’soul” 
merely a product, or rather a by-product, of the 
body, or is the body a product of the soul ? 
Does the structure make the function, which wc 
call the life, or docs tho life and its functions 
make the structure ? There is no escape from 
this question. It is the ultimate que.stion of 
biology, if not of philosophy itself. Everything 
def)en(is upon it ; and if modern science has a 
different answer from that which called itself the 
verdict of science in the nineteenth century, w'o 
must certainly acquaint ourselves clearly and 
profoundly wuth it. 

The Philosophical View. The poets and 
the philosophers, the saints and tho seers, have 
never been in doubt. Edmund 8penser definitely 
answered, in the sixteenth century, this very 
question around which tho greatest students of 
the twentieth are now^ assembled. In so -many 
words, he said : * 

” Of the soul tho body form doth take, 

For soul is form, and doth the body make.” 

” It takes a soul to move a body,” said Mrs. 
Browning, long afterwards ; and the question is 
whether these poets were right who said, in set 
terms, that the sotil makes atid moves the bckly. 
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The mighty Frenchman Lamarck, the true 
founder of the doctrine of organic evolution, was 
as explicit as the poets in his answer to this 
question. Later wo shall have to study this great 
man at length, for modem biology is returning 
to him by leaps and bounds. But, for the 
moment, we need only note that at the very root 
of the Lamarckian philosophy is the belief, the 
first principle, that function precedes and creates 
structure. Our own evolutionists were not all as 
clear thinkers when it came to ultimate problems 
as they supposed, but Herbert Spencer, who w’as 
incomparably the greatest mind among them, 
and who, alone, realised the greatness of Lamarck, 
is equally clear in asserting that, as the first fact 
of brganic evolution, function precedes structure, 

A Clue to the Answer. Indeed, wo have 
only to look for ourselves in order to see one 
illustration of this truth. Of certain minute and 
simple animals, the rhizopods, “ which present 
no distinction of parts, and nevertheless feed and 
grow and move about,’* Huxley said that they 
“ exhibit life without organisation.” The modf^m 
microscope and modern bio-chemistry know well 
that Huxley omitted a very imx)ortant word. 
Ho should have said “ visible organisation.” 
Nevertheless, the fact remains that such creatures 
perform, before the evolution of many structures 
familiar to, and in, all of us, exactly those 
functions, as of nutrition and locomotion, which 
our stomachs and legs perform for us. In the 
history of life, therefore, function precedes 
structure; and Bergson is fully justified in 
saying, of the most important case of all, brain 
and mind, that ** it would bo as absurd to refuse 
consciousness to an animal because it has no 
brain as to declare it incapable of nourisliing 
itself because it has no stomach. The truth is 
that the nervous system arises, like the other 
systems, from a division of labour. It does not 
create tJie function^ but only brings it to a higher 
degree of intensity and precision.” In a word. 
Life, which is Mind, made the brain, and not the 
brain the mind. 

Finally, wo come to the great fact of individual 
development, the history of the individual, 
whien the physiologists ignore, because it is not 
their business, as they think. Indeed, it is their 
bus* less, for what function can be so deeply 
worthy of study as the function of growth and 
development ? The study of the mature 
“ mechanical laboratory,” which the body seems 
to be, and indeed is — though it is more — showed 
us how closely it may be compared to a lifeless 
machine, which is made, as engineers say, by 
“ assemlding ” parts. We talk" of evolution, and 
now we shall be judged by evolution — that is, by 
the history of the things we study. But, as 
Bergson profoundly says, “ A mere glance at the 
development of an embryo shows that life goes 
to worK in a very different way. Life does not 
proceed by the association and addition of elements^ 
but by dissociation and division,^' 

Evolution Defined. ** Evolution,” we are 
alwa^ saying, and what does the word mean but 
uiffolding T The formation of a living being is 
thj^^indeed an evolution, the unfolding, dis- 


playing, and material expression, in cell, tissue, 
and organ, of powers latent, not yet cvolvt d, 
in the germ. This is the tremendous lesson of 
embryology, the science of embryos, or imma- 
ture, not yet developed, organisms. 

The Physiologists Routed. Now, at last, 
we are in a position to refute the theory which 
the physiologists imposed upon nearly all of us 
until the last few years. Their view that a man 
is merely a colony, and that any idea of the soul 
or personality is an illusion, must be abandonf‘d. 
They had no more right to draw this inference 
from the multiplicity of cells and parts in the 
body than we would have to deny the indi- 
viduality of the organist on account of the 
multiplicity of stops and keys and pipes in the 
organ. They are not entitled to declare that the 
soul is a myth, and the cells of the body have 
associated themselves to make the organism, for 
they are merely looking at the matter statically, 
at the machine as it stands, instead of evolu- 
tionally, at the machine in its becoming. The 
tremendous contribution of embryology to our 
problem is its demonstration that the organism 
makes itself from within. And what about the 
unity which we feel when we think of ourselves ? 
Can that be still maintained after physiology has 
shown that, for instance, the brain is simply an 
arrangement of millions of nervc-cells ? 

Indeed, it can be maintained, on strictly 
scientific grounds. Wo are to ” think in evolu- 
tion.** That means that w’o are to explain the 
present by the past, or it means nothing. 

A Retrospect. Let us, then, go back to 
the earlier stages of the dovcloped body or 
mechanical laboratory. Wo find that the 
body of any living individual began as a single 
cell. One typical single nucleus, like the nucleus 
of any cell in our bodies, and containing the 
same number of chromosomes as each of them, 
was, in fact, the earliest stage of each of us. 
From it all of the countless millions of cells, 
of almost countless kinds, Iiave actually pro- 
ceeded. It is, indeed, “ the organism that 
divides itself into cells ; ” and when the psycholo- 
gist and the philosopher assert that the idea of 
personality is really valid, anatomy and physio- 
logy and their demonstrations notwithstanding, 
and that we are right when wo foci that we are 
individuals, unities, personalities, embryology 
verifies this belief by pointing to the undisputed 
fact that each of us was once a single cell. 

Curiously enough, Professor Bergson docs not 
avail himself of the cogent and strictly evolu- 
tionary argument which w tKus furnished for 
the view which he has largely helped to establish 
in contemporary biology, that it is the organism, 
a single individual being, which dissociates itself 
into the millions of cells w^hich make its mature 
body, and the multiplicity of which seems to 
give tho lie to our belief in ourselves as indi- 
viduals at all. The single living cell which was 
the earliest stage of the myriad -celled body of 
each of us was^the outward and visible symbol 
of the unity of tho inward and invisible psyche 
or soul which informs tho body, made it, 
and moves it. 
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Professor Driesch's Experiments. 

Bergson, like his predecessor and spiritual 
parent, Spencer, is a philosopher, not an ex- 
perimental scientist. But in Heidelberg there 
works the greatest of German biologists today. 
Professor Hans Driesch, famous everywhere as 
a master of experimental science. Driesch in 
Germany, with his experiments, is complementary 
to Bergson in France with his ])hilosophy. 
And, as we have just seen how important are 
the facts of embryology, of the development 
and evolutionary history of the living organism, 
for the understanding of the problems which 
its mature state presents to us, the rejider will 
not be surprised to learn that it is the experi- 
ments and observations of Driesch upon embryo- 
logical processes that have made such a profoimd 
impression upon biology during this century. 

In 1907 , the year which also saw the j)ublicfi- 
tion of Bergson’s “ Creative Evolution,” Ibof. 
Driesch delivered his Gifford Lecturi'S before 
the University of Aberdeen. Tbes(‘ are now 
published, under the title “ The Science and 
Philosophy of the Organism,” in two volumes, 
which are among the master-works of coiitem- 
poraiy science. Here our duty is simx)ly to 
note the general result of his experiments, and 
its bearing upon the problem before us. Driesch 
has experimented upon various forms of primi- 
tive and minute organisms, in their earliest 
stages, and notably u])on a convenient animal 
for the purpose — the sea-urchin. He, and now 
many other workers, have subjected these living 
organisms to a largo variety of nnfwual condi- 
tions, and of interference with normal develop- 
ment, as when a “ fertilised ovum,” or “ seg- 
mentation nucleus,” having already divided into 
four cells, is so shaken that the four fall apart, 
and their subsequent proc(*edings can be w atched. 
Numerous other expi rinumts, upon minute de- 
veloping forms of life, have involved the produc- 
tion of certain injuries, with the object of set'ing 
whether and how any attenii)t was made to 
repair the damage and to comptuisatc for it. 
The simplest as well as tlui most comjdicated 
plants lend themselves to such observation as 
wadi as animal forms of life. 

Vitalism— the Autonomy of Life. The 

truth which these experiments demonstrate can 
readily bo described. It is that, when living 
beings in their stages of development, of body, 
tissue, and organ formation, are thus critically 
watched under various experimentally arranged 
conditions, what happens cannot be reduced to 
any laws of chemistry or physios, but can only 
be described as behaviour, with a purposeful and 
internal factor in it, which is definitely Tiot 
mechanical. In Driesch’ s ow'ii words, the fact of 
living things which we call morphogenesis, or 
the genesis of their forms, the making of their 
bodies, “ is not a specialised arrangement of 
inorganic events. Biology, therefore, is not ' 
applied physics and chemistry : life is something 
• apart, and biology is an independent science.” 
He thus clearly concludes : “ We shall not hesitate 
to call by its proper name what we believe we 
have proved about moq)hogcnetic phenomena., 
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What we have proved to be true has always 
been called vitalism, and so it may be called in 
our days again. But if you think a new and 
less ambitious term to be better for it, let us 
style it the doctrine of the autonomy of lifeJ'' 

Driesch has reintroduced into modem biology 
an ancient term which is now again so celebrated, 
and so generally associated with his name, that 
we must learn it. Here are his own words ; 

“ Tlie great father of systematic philosophy, 
Aristotle, is also to bo regarded as the founder 
of theoretical biology. Moreover, he is the first 
vitalist in history, for his theoretical biology is 
throughout vitalism ; and a very conscious 
vitalism indeed, for it grew up in permanent 
opposition to tli,e dogmatic mechanism main- 
tained by the school of Democritus. Let. us, 
- then, borrow our tcTminology from Aristotle, and 
kit that factor in life -phenomena which wo have 
shown to be a factor of true autonomy be called 
Entelecky.'' This famous old w'ord of Aristotle’s 
means “ something which bears the end in 
itself ; ” in other w^ords, something which is not 
mechanical, but has within itself an aim, an 
idea, a purpose, perhaps, of some “ far-off Divine 
event, to which the whole Creation moves.” 

The Question Answered. On various 
grounds, and in various ways, therefore, our 
question has bc^en atiswored. The body does 
not make the soul ; tlui brain is not the author 
but the organ of the mind ; structure does not 
create life and its functions, but life is first, 
and one of its functions is the formation of struc- 
ture, of the organism, or assemblage of organs, 
whkdi will serve its purpose*. The living being 
is thus a unity, notwithstanding the astonishing 
multij)licity oif the body or organism which it 
evolves or creates for itself. It takes a soul to 
make as w'cll as to move a body. 

Evolution teaches us to look to the history 
of life for the ex2>lariatiori of its present, and 
thus, for instance, to find an origin for man in 
some monkey-like being, because monkey-liko 
forms are assumed in the course of the develop- 
ment of any human body. When we continue wdth 
those embryological researches we find that the 
rnaniu'r in which living bodies arc made from 
the single cell, which is the beginning of all living 
individuals but the lowest, is definitely other 
than mechanical. It is original, creative, and 
“ has its (‘iid (or goal) in itself.” 

In other words. Life is Mind, and its material 
products can only be comj^ared to the products 
of that very mind as it shows itself in man. 
We may say, ijideed, that, for instance, life 
made the eye as man made the microscope, 
AVe have already learnt that, along two utterly 
difftTent lines of animal evolution, eyes of sub- 
stantially identical type have been evolved, just 
as ^different men, in different ages and placto 
and civilisations, have evolved, ot created, 
similar contrivances, inventions, customs, arts, 
ideas. All alike, scallops and men, their eyes 
and microscopes, are products of “ creative 
evolution, material expressions of the immate- 
rial Being that rolls through all things. 

C. W. SALEEBY 
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> The Ideals of Good Buying. Necessity for Clearness in Drawing Contracts. 
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BUYING AND COSTING 


T hebe is certainly no department of a great 
business where experience counts for more 
than in the buying department. No man can 
possibly be a gooa buyer who does not know 
the details of his business thorouglily, and 
who has not had a pretty wide experience 
of its various branches. He must also be keen 
and intelligent in watching the rise and fall of 
the markets, and must be capable of striking a 
bargain with men as keen and as well posted 
as himself. How essential all this is will be 
appreciated when it is reaHsed that in these 
days of close competition and big turnovers 
with moderate profits the whole difference 
between gain and loss depends very often 
upon the successful buying of raw materials. 

Importance of Watching the Markets. 
By just missing the turn of the market and 
buying a little too late, all the profit that was 
to be obtained from a certain lino of goods, 
when manufactured, may be swallowed up. 
The buyer of a largo manufacturing firm has 
no time for long consideration ; the grass must 
not grow tinder his feet, or ho will be in the 
position of the unfortunate man at the pool of 
Bethesda — while he is coming another will 
stop down before him and securo all the ad- 
vantage that is to be obtained. This applies 
equally to the buyer for a smaller firm. In fact, 
a small firm offers just the same opportunities 
as a large one for skill and enterprise on the 
part of the buyer. While in a large firm the huge 
quantities of material required give exceptional 
opportunities for close deals, the results of 
really good buying are even more rajiidly felt 
in the small business, where tho money saved 
by bargains in purchasing bears a higher ratio 
to th(? gross turnover. 

Ideals of Good Buying. The ideals 
to be aimed at in a buying department are 
threefold. First of all, thd best materials for 
the p .irpose required must be secured ; secondly, 
they must be obtained at the lowest price and 
on the most advantageous terms possible ; 
and thirdly, tho delivery by the dates required 
and specified must be guaranteed. When these 
ideals are attained, the buying department is 
exactly what it should bo, and the firm of 
which it is a part is to be congratulated. 
Obviously, to achieve such results the head of 
the depa^ment must be a man of wide ex- 
perience and keen business perception, and he 
must possess a rare faculty for dealing with 
men and making a good bargain. 

Filing Price Lriats and Catalogues. 
The successful buyer must have an exhaifStivo 
knowledge of the*^ markets open to him, and 
he' wiH take care that in his department price 
lists and catalogues are carefully filed, so as to 


be available at a moment’s notice. The best 
system here, as in the correspondence deport- 
ment, is the vortical system, although tlie 
varying sizes and styles in which price lists 
are prepared render filing rather less simple 
than in the case of correspondence. How(*ver, 
if there is any difficulty of this kind, it is easily 
overcome by arranging the catalogues in one 
or two classes, according to size, and filing them 
in drawers of different depths, and indexing them 
as la, 2a, etc., or 16, 26., etc. 

It is important that the price lists, or cata- 
logues, should be kept up to date, and, where 
they do not come in automatically, steps should 
be taken to get them by writing to the various 
selling firms. With a complete library of cata- 
logues, the buyer has ready at hand exceedingly 
useful particulars of the sources of supply, and 
he can soon determine which firms he will call 
upon to tender for an order. It is always wise 
from time to time to get competitive prices, no 
matter how well tho buyer has been served by 
any particular firm in the past. 

Then there should bo in the buying depart- 
ment of any firm purchasing on a large scale 
a card index, where various necessary particulars 
can be turned up at a moment’s notice. Different 
cards will bo devoted to records of the various 
materials purchased, and on each will be full 
details of past transactions — the names of tho 
firms bought from, the quantities purchased,, 
and the prices paid, with terms of settlemeiit 
and delivery. It is very convenient to be able 
to turn up this kind or information easily and 
without delay. The details and method of 
keeping the record on the cards will vary 
according to the character of the business, but 
no large firm can afford to do without a card 
index system in its buying department. 

Three Methods of Buying. There are, 
of course, various ways in which good.s may 
be bought, and the principal methods may be 
described as direct buying, buying on com- 
mission, and buying by auction. In the first 
case the purchase is a direct transaction between 
the buyer and the owner of the goods. Materials 
are said to be bought on commission when 
they are purchased, not directly foom the 
owners, but through tho intervention of a 
third party, as a broker or agent, who receives 
a commission from the seller for his part in the 
transaction. Goods are bought by auction 
when they are put up at a sale and knocked 
down to the highest bidder. Different systems 
are followed in different businesses and in 
different markets, and each system has both 
advantages and disadvantages for the buyer. 
The methods that obtain in connection >^ith 
the materials used in any particular business 
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can, of course, be loamt only by long- 
standing practical experience in that business. 

General Principles of Good Buying. 

The general principles underlying good buying 
are that materials shall be purchased at the 
lowest possible cost consistent with good quality, 
and that they shall always be available when 
the manufacturing departments require them. 
This means, of course, that a buyer has got to 
be a far-seeing man. Anybody can go and buy 
a hundred tons of rubber, for instance, when it 
is wanted, at whatever price it is fetching in 
the market at the time, and then when some 
more is wanted, in, say, six months’ time, it 
is a very simple operation to go into the market 
and purchase a second hundred tons at its then 
price. This, however, is not buying in the 
scientific sense of the term. The buyer must 
look ahead, and, in consultation with other 
heads of departments, estimate the forthcoming 
needs of the different manufacturing depart- 
ments of his firm. 

No matter what the material or materials 
he is buying, he will make himself familiar with 
the condition of the market, understand the 
best time of the year to buy, and stiuly the ris(^ 
and fall of prices. In connection with some 
materials it will be neciessary to make (contracts 
for forward delivery ; that is, six months’ or a 
year’s supplies arc bought on a contract which 
specifies that they shall be delivered in instal- 
ments at stated intervals, and jiaid for also at 
specified times. It should be mentioned that in 
these days of labour unrest the buyer must 

always bo prepared for possible strikes and 

lock-outs, and also for delays caused by wai*8 
in those countries from which his staple 

materials are principally drawn. 

Conditions of Purchase to be Made 
Clear. Every condition of a purchase and 
its payment should be clearly set forth in tlio 
agreement or contract or order form, to prevent 
any dispute arising in the future. It goes without 
saying, therefore, that the buyer must bo 
thoroughly familiar w^ith all the terms that 

are used to describe different conditions of 
payment — Cash on Delivery, which means 
payment when the goods are handcnl over to the 
purchaser ; Net (iJash, which means payment 
within a week or ten days without any discount ; 
Cash against Documents, which means that 
the amount of the invoice is to be paid on 
presentation of the bills of lading, or other 
documents that prove shipment; and so on. 
In big manufacturing businesses such a huge 
amount is spent in buying raw materials that 
it is essential the conditions of }»ayment should 
be very carefully considered, and the dates on 
which the amounts fall due spread more or less 
evenly over given periods, in order that it may 
always be convenient to meet the. charges^ 
It would be an unfortimate situation for a 
business purchasing hundreds of thousands of 
pounds’ worth of materials if a large proportion 
of the payments fell due about the same time 
in the year. Matters of this kind are, of course, 
arrang^ by the buying department in consulta- 
tion with the managing director and secretary 
or head cashier of the establishment. 
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Law of Contracts. It is absolutely 
essential that the head of a buying department 
should have a good knowledge of the law of 
contracts. He must make himself thoroughly 
familiar with the Sale of Goods Act, which 
contains most of the. law relating to the sale 
and purchase of goods in the United Kingdom. 
I’ho Act is in remarkably clear language for an 
Act of Parliament, and its provisions can be 
easily followed and understood. The buyer who 
has not got it at his fingers* ends will find 
himself hopelessly at sea, and may involve his 
firm in difficulties. 

Goods, for instance, may be bought by 
sample or pattern, or by description. In the 
former case it is, of course, understood that the 
goods must be equal to the sample or pattern 
that has been approved by the purchaser, and 
where there has been a sale by description 
the goods as delivered must correspond with the 
description. Sometimes, however, the sale is by 
sample and description, in which case the goods 
must correspond with the description as well as 
with the sample. It is not sufficient that they 
be up to the sample if they are not also equal 
to the description that has been given. 

The Right of Rejecting Goods. The 
buyer who has not previously examined the 
goods he is purchasing can claim by right a 
I'easonable oi>portiiniiy of examining them, to 
s(*e if they are in correspondi^nce with th(j 
terms of his contract, and he is not deemed to 
have accepted them until he has had such an 
opportunity. If, however, ho writes to the seller 
saying that he accepts them, or if ho does 
anything that is inconsistent with the seller’s 
ownership, then he is considered to have accepted 
the goods, and is liable for j>ayment accoitling 
to the terms of his contract. Such questions as 
to whether it is the duty of the buyer to take 
jwssossion of the goods, or for the seller to 
forward them to him, should be clearly specified 
in the contract, to avoid all possibility of dispute 
on either side. When goods are not up to sample 
or description, or wh(m the quantity delivered 
is less than that contracted for, the buyer is 
at liberty to reject them. If, however, the 
buyer accepts the smaller quantity of goods 
delivered to him, then htf must pay for them 
at the rate sj)ecified in the contract. If, on the 
other hand, the quantity is right, but the goods 
are mixed, some being in accordance with the 
description or sample and others inferior, then 
the buyer has the option of rejecting the whole 
or of accepting just that proportion that is in 
accordance wdth the description or sample. 
The provisions relating to shortage of delivery, 
however, it must be explained, are subject to 
any peculiar trade usage,, special agreement, 
or r^lar course of dealing between the parties. 
In any case of rightful rejection the purch^t 
is not obliged to return the goods; he merely 
has to give notice of rejection to the seller, who 
musf send and fetch them. 

It is, of course, a very general thing for a 
buyer, when purchasing materials, to arrange a 
contract for deliveiy in instalments, these to be 
paid for separately. If the seller does not keep 
to his part of the obligation, the buyer’s remedy 
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depends upon the terms of his contract, and this 
makes it important that in this matter the 
terms should be very clearly stated. It should 
be distinctly set forth whether, in the case of 
failure of the character described, the whole 
contract is to be repudiated or a claim for 
damages is to lie. The seller has equal rights if 
the purchaser declines to take delivery of the 
instalments, or fails to pay for them at the 
times specified. If the arrangement is not 
stated in the contract, the buyer is not obliged 
to accept delivery in instalments, and this 
only emphasises what has already been said — 
that the terms of all contracts of purchase 
should be clear and distinct. If goods are 
bought on approval, the purchaser has the 
right to accept or reject them as he likes. 

Sometimes the buyer may explain in writing 
the particular purpose for which ho wants the 
goods he is buying, and may imply, even if be 
does not actually say, that ho relies upon the 
seller’s skill rather than his own. In such a case 
the law considers that the seller has undertaken 
that the goods shall be reasonably fit for the 
purpose explained by the buyer. 

Insuring Delivery as Required. It will 
be seen from all this that the principles and 
laws of buying are based on common sense, 
but it is important that the buyer should bear 
in mind all the facts that have been mentioned. 
Seeing how essential it is that the manufacturer 
should be able always to have the necessary 
supplies of raw materials, so that the work 
of the factory may not be brought to a stand- 
still, it is important for the buyer to sco not 
only that his contract is clear and specific as to 
dates of delivery, but that the firm from whom 
ho buys is of such standing that it will be able 
to carry out its part of the bargain. This question 
of stability is a very important one, and comes 
up in conntiction with the comparison of estimates. 
So that they may secure an order, some firms 
will quote a price which is loss th.an should be 
quoted, and which leaves no margin of profit 
for themselves. This is really gambling, and, 
unless the firm is a very large one and of great 
strength financially, it is for the buvor to ask 
himself whether the firm will be able to fulfil 
its obHgatious if it gels the contract. 

Terms used in Buying. The buyer 
must always know what the price quoted 
includes. The goods may be quoted f.o.b. (free 
on board), which means that the price includes 
packing, raUway, dock, lighterage, and all 
other charges up to and including the placing 
of the goods on board ship ; f.a.s. (free along- 
side), which includes the charges involved in 
placing the goods in lighters or barges alongside 
the vessel ready to be taken on board ; c. and f 
(cost and freight), which includes all charges, 
with the cost of bills of lading and freight, to the 
port of destination ; c.i.f. (cost, insurance, and 
freight), which includes all the o. and f. charges, 
together with marine insurances; or franco, 
which means “ free,” and usually includes all 
ohatges up to the time the goods are deposit^ 
on the premises of the purchaser. There is, 
however, a good deal of latitude about the 


expression “ franco,” and a buyer must bo 
careful to ascertain exactly what the seller 
implies by it, as sometimes merely c.i.f. is 
intended. * There are other terms and condit ions, 
with all of which the buyer must bo absolutely 
familiar, or he will find that when he has pur- 
chased goods at what he supposed was an in- 
clusive cost, there are many other charges to go on. 

Where goods arrive in a damaged condition, 
the question sometimes arises as to whether the 
damage was done during transit or was the 
result of carelessness or accident on the part of 
either buyer or seller. It is well, therefore, for 
the buyer to know that legally goods are said to 
be in course of transit from the time when they 
have been delivered to the carrier until the time 
that the buyer or his agent actually takes delivery. 

Of course, there will be a regular routine of 
ordering. As already indicated under the 
heading of Factory Organisation, the store- 
keeper will requisition fresh supplies from the 
buying department. All orders should bo made 
out on official forms, and a duplicate filed in the 
buying department for reference. There should 
be clearly printed on all ordcTS sent out the fact 
that “ no orders will be recognised that are not 
written upon the firm’s official order forms.” 

Use of the Telephone in Buying. 
Formerly the buyer connected with a manu- 
facturing firm situated in the country was at a 
gniat disadvantage. Either he had to be away 
from his firm’s premises altogether, or, if ho was 
there, then he had to rely upon an agent in 
London or other large centre. Now, however, 
with the telephone, no matter in what part 
of the country a firm’s premises may be situated, 
the buyer can keep himself posted as to the 
condition of the market from hour to hour, 
and can buy by telephone, so that ho is practically 
in the same advantageous position as the man 
who is actually on the spot. 

Nothing has been said here about the necessity 
of a buyer knowing the metric system of weights 
and measures, and being familiar with Conti- 
nental commercial customs, if the materials 
which he has to purchase must be bought on the 
Continent. The foreign exchanges, shipping 
details and documents, Customs formalities — 
these and other things will all have to be studied 
carefully, for it is the man with the greatest 
knowledge of such details, all other things 
being equal, who will prove the best buyer. 

Importance of the Cost Department. 
To pass from the buying department to the 
costing may seem somewhat arbitrary, and 
.th< 're is, of course, no closer connection between 
them than between the costing and manu- 
facturing departments. It is, however, with 
the results of the buying that the cost depart- 
ment has largely to concern itself. Material and 
labour are the principal items of cost, and the 
cost of materials depends largely, as will already 
have been scon, upon the skill of the buyer. 
Some method of arriving at costs has always 
been necessary, but it is really only in com- 
paratively recent years that costing has been 
developed upoii definite lines, and has become 
afi exact science. In modem businesses the 
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cost department is one of the most important, 
and many of the big positions in such businesses 
are filled by men who received their training 
and expei'ience in the cost department. 

Absolute Accuracy Needed, A volume 
would bo needed to describe in detail the various 
systems of costing that have been devised, and 
in this chapter all that can be done is to give a 
general idea of the principles involved. Like 
everything else in business, the details must be 
worked out, and any keen and intelligent man 
will be able to see how the principles desciibed 
can be applied to any particular business or 
trade in which he may be interested. So much 
depends upon accurate costing that it is not 
surprising to learn that only really live and able 
men are likely to get on the staff of a costing 
department. Estimates for future work are 
based upon the costs of past production ; and as 
the selling price of an article is also based upon 
the cost, as worked out in the cost department, 
it is clear that any mistakes or miscalculations 
in arriving at the figures are likely to have very 
serious effects upon the future of the business. 
If on the one hand the cost of an article is 
reckoned at less than it really is, a loss or at 
any rate a very inadequate profit is going to be 
m^o, while on the other hand, if the cost is 
reckoned as more than it really is, the firm is 
going to bo absolutely out of it when quoting 
for contracts in oom})etition with other lirnis ; 
their price will bo so much higher than those of 
the other maiiufiujturers. 

The Use of Detailed Cost Accounts. 
This, however, is not the only purpose of having 
detailed cost accounts. They are extensively 
used in eliminating waste and bringing down 
the cost of production, because by filing all 
records on the card index system a firm is able 
to compare the present cost of production of a 
certain article or line of goods with similar 
work done six or twelve months ago, and if the 
present cost is higher to follow the manufacture 
through step by step and see where the extra 
expense has been involved. Perhaps it is 
found that the operation of putting the article 
through a certain machine has been longer 
than in the former case, or ])erhaps a certain 
workman spent half as long again upon a certain 
operation as he did the previous time. In such a 
case steps can bo taken to see that these par- 
ticular stages of the process of manufacture 
shall be speeded up so as to equal or beat the 
earlier record. Thus wastage along any par- 
ticular line can be detected and eliminated. 

Only a man who has an inside knowledge of a 
trade can possibly organise and control a cost 
dlppartment. To initiate and conduct such a 
department involves the expenditure of money, 
but such expenditure is the best economy, and 
all large manufacturers have found it so. 

The items of cost in manufacture with which 
the cost department has to concern itself are 
' threefold ; first of all, the materials used ; secondly, 
the ' labour utilised in turning this into t^ie 
finished product, and thirdly the indirect 
charge, which may themselves be divided into 
two classes'— (a) expenses of production other 
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than direct labour, such expenses as^ for instance, 
wages of factory management, overseers, fore- 
men, etc., motive power, rent, rates and 
taxes, lighting and heating, water, repairs of 
factory buildings, and so on ; and (h) other 
indirect expenses such as administration, in- 
cluding salaries of directors and managers, 
u))keep of offices, expenses of selling, including 
salaries and commissions of travellers, adver- 
tising, distribution, and so on, bank charges, 
interest on mortgages, bad debts, etc. 

The Cost of Materials. First of all, then, 
with regard to materials. As already explained, 
the manufacturing department requisitions from 
the stores a certain quantity of material for a 
certain job, and the requisition card with full 
details of these materials is sent to the cost 
department. Should there be any surplus of 
material when the job is finished, it is returned 
to the stores and a credit note given, which is 
also sent to the cost department. This depart- 
ment works out the total net cost of the material 
thus used on the job, writes it on the card, 
W’hich is duly filed under the name or number 
of the job. In due course there will be placed 
with it cards setting forth the other items — 
labour, indirect expenses of production and 
adjriinistration. etc. So that the cost of the 
materials used in a certain job shall be accurately 
specilied, it is absolutely essential that any 
surplus shall be sent back at once to the stores 
and credited. If the bad practice, which still 
obtains in some factories, of taking some of this 
surplus material to use in another job without 
first returning to the stores is allowed, it is 
obviously quite impossible to work out the 
accurate cost of any article. 

No materials must bo given out from the 
stores without the details and the name of the 
job for which they are wanted being sent to the 
cost department. The books of t he accountants 
can be kept right from these records. If, for 
instance, when fresh stores are bought and 
paid for, it is the custom to charge iij) the 
invoice against a certain department, any of 
those stores not used by that department can 
be credited to it, on an intimation from the 
cost department. Thus, locks may bo bought 
in large quantities by a desk manufacturer for 
placing upon the school desks which he makes 
for sale, but a number of the locks may be used 
for repairing cupboards in the office and factory. 
The cost department on getting the requisition 
would see that the accountants credited the 
manufacturing department with the right 
proportion used in the office, and debited the 
repairs department with them. 

Controlling Waste. The simplest part of 
the costing of a job is dealing with the materials. 
To arrive at the right figure it is only necessary 
to assemble the requisition cards for the various 
store materials used, to work out the costs of 
these materials, and to add the sums together. 
It is by filing such records and comparing them 
from time to time as similar jobs are done that 
waste is controlled. For instance, the pro- 
portion of spoilt material can be watched, and 
if it.tenda to increase for similar, work the 



matter is detected at once and can be looked 
into. Not only can materials be checked in 
this way, but tools also. If, for instance* a 
larger number of saws or files are requisitioned 
over a given period as compared 'with a cor- 
responding period at an etirlier date, then the 
excess is noted at once ahH the reason for it 
can be investigated without delay. In reckoning 
the cost of materials, every outlay must, of 
course, be taken into consideration — that is, 
not only the charge on the invoice of the sellers 
but freight, unloa^ng charges, etc. 

The Coat of Labour. The next item with 
which the cost department concerns itself is 
wages, the wages of the men actually engaged 
in the manufacture of the article, and not in- 
cluding the overseers, foremen, etc., whose labour 
is only indirectly concerned in the process. This 
is, of course, a more complicated business than 
arriving at the cost of materials. There may 
be many processes, and sub -departments, and 
men involved in the manufacture of one article, 
and there may be different ways of paying 
different men. In order to arrive at the cost 
of labour on any particular job it is necessary 
that there should be some accurate record of 
the amount of time spent on the job by each 
man, if payment is by time, or the exact amount 
for the job if ])ayment is by piecework. 

Various methods of recording the time spent 
by each man on each job are in vogue, and, of 
course, the method followed by any particular 
firm must depend upon a variety of things, such 
as the situation and area of the workshops, 
the character of the business carried on, and the 
size of the firm. In some factories each man 
has a card, and when he is put on to a job the 
name of that job is 'written on the card, together 
with the time at which he started upon it, 
space being provided for such entries. Then, 
when he has finished that job, he takes liis 
card to the foreman who enters up the time at 
which he finished. In this way, when the cards 
at the close of day are taken to the cost depart- 
ment, that department can not only total up 
the time worked throughout the day for the 
purpose of arriving at the wages due, but can 
also allot the projwrtion of these wages that is 
to against each particular job. 

Time Sheets. This method, however, whore 
a largo number of men are employed, wastes 
far too much of the time of the foreman, who 
ceases to be a foreman and becomes a clerk. 
It is the practice, thereloro, in many large 
factories, for a special clerk to be employed in 
each department entering up the times on the 
men’s cards or sheets. This method, and also 
that of having mechanical time registers in the 
workshops, by means of which the men them- 
selves register the times at w’hich they begin 
and finish their different jobs, are very good 
for compact workshops, but for large and 
scattered departments the time wasted by the 
workmen in going to and Iro to the clerk or 
recover between the jobs is far too great to 
make the system economical. 

A better system is to provide each workman 
with a pjBbd or book of time slips, on each of 
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which sp^es are previded for recording the 
name of a job, the time at which it was begun 
and the time at which it ended ; also the date 
and the workman’s name and number. I'he 
man enters up the time when he is given a job, 
and this is initialled by the foreman, and also 
the time when the job is completed. If the 
foreman is a keen man worthy of his position, 
the risk of the workman cooking the figures — 
putting down wrong times so as to make the 
total time worked appear greater than it really 
is — is small. The importance of having the 
right date on each slip must be emphasised, 
and, in order to help the men, bold tear-off 
calendars should be hung in conspicuous 
positions in the workshops. 

These time slips will be useful for comparison 
with the time sheets from the mechanical 
recorders where the men punch on as they come 
to and go from the factory morning and after- 
noon. It will be seen at once whether there 
is any undue delay in getting the men to work. 
If, for instance, a man punches on at eight 
o’clock and the time at which he began his 
first job, as recorded on his time slip, is 8.20, it 
will be obvious that there has been a loss of 
t'w’onty minutes. The matter can be looked 
into and some remedy . for expediting matters 
first thing in the morning devised. 

Indirect Labour Charges. The next 
matter for the cost department is to allocate a 
proportion of the indirect charges to each job, 
and this is a more complicated business than 
either of the items already dealt with. In 
addition to the work of overseeing and the cost 
of machinery, lighting, and heating, etc., there 
are many operations which have to be carried 
out regularly in the factory, and which, though 
they cannot be reckoned against any particular 
job, must have a proportion charged up against 
the cost of everything done. These operations 
include such things as sweeping and scrubbing 
the floors, cleaning the windows, painting and 
whitewashing the workshops, repairing the 
machinery, and the work of the night watchman. 

The cost of materials and direct labour can 
be arrived at with scientific accuraev, but this 
caimot bo done in the case of the indirect 
expenses that have been enumerated. A close 
approximation must, however, be aimed at, 
and the general method of apportioning the 
indirect labour charges is to reckon these on a 
time basis. To make the matter clearer, if a 
certain job takes six hours and the factory 
week is one of 48 hours, then one-eighth of the 
wages paid to overseers and foremen engaged 
upon the job must be reckoned against it. 
Of the wages of cleaners, painters, etc., one- 
eighth of the proportion charged against the 
particular department concerned would be 
reckoned. This is the principle as set forth 
by the simple illustration given, but in many 
businesses, with a variety of departments and 
highly specialised labour, the work of allotting 
the indirect charges is very complicated indeed. 

Similarly, the cost of machineiy, lighting, 
heating, rent, rates, etc., is apportioned on a 
time basis. For instance, a certain machine costs 
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SO much per week of forty -eight hours to run, 
and a certain electric light so much per hour for 
current, then from these is reckoned the proper 
cost of each item to be charged up against a 
job that took, say, eight hours to perform De- 
preciation of plant must also be taken into 
account, and a proportion reckoned against 
each job done in the factory. 

Administration Charges. The last class 
of items to be charged to cost are those of ad- 
ministration, including directors’ and managers’ 
salaries, upkeep of the office, interest on mort- 
gages, etc., and the selling expenses, which 
include cost of travellers, advertising expenses, 
cost of distribution, and so on. These are still 
more difficult to allocate in a complicated 
business with many lines than the previous 
class of indirect charges, but they can bo 
approximately arrived at in a similar way. 
^l the indirect expenses are generally referr^ 
to under the heading of establishment charges. 

Selling Price Based on Cost. Based on 
some such system as has been described, the 
actual cost of an article is arrived at, and then the 
management can decide what percentage must 
be added to give a selling price that yields an 
adequate profit. It is in fixing the selling price 
that the great advantage of knowing exactly 
what the cost of an article really is comes in. When 
all the expenses are taken into consideration, and 
establishment charges arc included, it is known 
that any difference between the cost and the net 
price leceived for the article is an actual profit. 

Difficulties of Costing* It might be 
thought that all the indirect charges could be 
lumped together and a single percentage of these 
charged up to each job, according to the time 
it occupied, but a little thought will show that 
no such simple way of solving this complicated 
problem will give any right idea of cost. For 
example, there may be a very expensive machine 
which is required only for a certain class of 
work ; and if there is a general pooling of indirect 
charges, then a relatively smaller proportion 
of the cost of working this machine is set against 
those jobs for which it is used than should bo, 
while simpler works for which the machine is not 
used at all have to bear their part in its expenses. 
It is to overcome this difficulty that what is 
known as a machine rate is introduced, the 
method already described of charging so much 
per hour for eveiy machine or expensive tool 
used in making a certain class of goods. 

All kinds of complicated questions arise in 
connection with the determination of establish- 
ment charges, and no universal method of 
settling , these questions satisfactorily has been 
foi|nd. For example, the machine rate method 
is only thoroughly satisfactory when the machine 
in question is being worked full time during the 
factory week. If it stands idle a large pro- 
portion of the time, then the machine rate 
charged against each job is far higher than it 
should be. Then, again, a real difficulty in 
connection with costing is this. When the 
factory is working at full pressure the establish- 
ment charges are divided over so many^ jobs 
that the cost' per jot> is low. This is at ^he tim^ 
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when there is plenty of work, and fresh orders 
are not badly wanted by the firm. But when 
work is slack and new orders are eagerly desired, 
the short time being worked raises the establish- 
ment charges on each particular job, and makes 
it more difficult to estimate for orders against 
prosperous competitors. 

No Universal System of Costing. It is 
clear from what has been said that there is no 
universal system, and that no hard and fast 
line as to details can be laid down. Every 
business must work out that system which is 
best adapted to its needs, remembering alwa3r8 
that the costing system is for the business, and 
not the business for the costing system. In 
some businesses, for instance, which are very 
highly departmentalised, the indirect charges 
will have to bo still further divided up. It may 
be necessary to reckon separately the rent or 
building charges for each department in the one 
factory. This is arrived at by taking the total 
charges in this line and then dividing them up 
according to floor space, so as to have a charge 
of so much per square foot per hour. 

The Value of a Proper Cost System. 
The great advantage of having a proper cost 
department is realised when we remember 
that without it a manufacturer cannot know 
which departments are paying and which are 
losing. His profits may grow from year to 
year, but this does not necessarily mean that 
all the lines he is turning out are profitable. 
Some departments may be so profitable as more 
than to make up for losses in other depart- 
ments, and it may ho a fact that it is well worth 
a manufacturer’s while to close down certain 
departments. If they stop, his profits may 
bo more, though his turnover be less. This 
kind of thing, important as it is, can only be 
found out when there is an efficient cost de- 
partment installed in the business. 

Of course it must not be supposed that the 
costing of any particular lino of goods can ho 
done once and for all. In these days of fluc- 
tuating prices, the cost of the raw materials used 
in manufacture varies so from year to year, and 
in some businesses from month to month, and 
the cost of labour also varies so much, that every 
separate output of the same line must bo 
properly costed. For, as has already been 
explained, quite apart from cost in the narrow 
sense, the work and records of the costing de- 
partment provide materials for checking the 
rate of output and waste, and on this side alone 
make for greater efficiency. 

The Relation of Batimating to Coating. 
A word must he said in conclusion about the 
relation of estimating to the cost department. 
Estimating in the old-fashioned business was 
largely a matter of chance, but a reference to 
the records of the cost department places the 
preparing of estimates on a scientific basis, and 
does away sdmost entirely with those errors 
which have so often proved disastrous even 
to prosperous businesses — under-estimating, 
with the consequent loss of revenue and profits; 
and over-estimating, with the resultant ot 
valuable orders. CHARL^'RAY 
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The Function and Structure of the Ears. How they Recon- 
struct Sound. Tyndall’s Sound Flame. Analysis of Sound. 

HOW WE HEAR 


W E may now turn to the consideration of the 
physical aspect of hearing, which is also 
dealt with in a later chapter in Physiology. 
And by way of an introduction to the subject 
we may begin with a simple and easily dismissed 
question : How are we able definitely to locate 
a source of sound ? 

' {Direction of Sound. The use of 

the external ears in the lower animals is obvious 
to anyone who has observed them. It is evi- 
dent that if these ears be inclined at dilTerent 
angles the animal will find a given sound louder 
when the oar is at one angle than when it is at 
another. He is thus immediately guided to the 
source of the sound. Most people have com- 
pletely lost the })ower of moving the ears at 
all, though some of them can move the ears in 
association with movements of the whole scalp, 
while a few retain the power in some smaller 
degree. But no one ever iises it for the purpose 
of estimating the direction of sound. In any 
case, the ear has so largely lost the shape which 
should make it valuable that the power would 
be of little value if w'e retained it. It has been 
shoAvn that if the whole of the external ear bo 
filled up with wax, leaving just a small hole cor- 
responding in width to the cai\al that, leads 
inward to the middle ear, the acaitoness of 
hearing is very slightly diminished — that is all. 

Do our Ears Deceive us? Now', it may 
bo argued that, in reality, we cannot judge 
the direction of sound, but are constantly 
deceived. The deception, however, is more 
apparent than real. We are deceived merely 
because the sound is reflocted from some sur- 
face, and we locate tho source of the sound in 
the direction of that surfime. Nevertheless, 
our ears have served us quite faithfully in in- 
dicating the direction from which tho sound 
immediately reached them. 

Th.' most careful experiments have been made 
in order to discover whether there is any factor 
whatever that determines our appreciation of the 
direction of souiivl except tho one factor which w'e 
are about to discuss. It is found that no other 
explanations of this power can be afforded. 

Our appreciation of the direction of sound 
entirely depends, then, on the fact that we have 
two ears. We hear a noise, and immediately turn 
to the left ; the simple re<ison is that the sound 
is more loudly heard by the loft ear — that is to 
jsay,' by rthe'tnght side erf the 'teain — than by the 
right ear — that is, 'by the left side of the brain. 

• How Sound Comes to the Brain. 
Observe the curious fact that tho hearing is really 
done most effectively not in the part of the brain 
which is nearest the sound, but in the part which 


is farthest from it. The explanation obviously 
is that the brain appreciates not directly froiii 
the external world, but through the mediation 
of the organa of sense, and in the case w'e are 
considering it is the left ear that is most markedly 
stimulated. Various experiments — both those 
made for the purj^oso and tho experiments of 
disease — go to prove that our internal comparison 
of the relative measure of stimulus received by 
the two oars is our means of determination. ’ 

The case is parallel to that of the eyes. In 
each instance the development of pairs of 
organs would appear to have been originally 
due to the same causes as have produced the 
double symmetrical arrangement elsewhere in 
the body. But whereas no extra value of any 
special kind is due to the fact that wo have, for 
instance, one lung on each side of tho body, the 
similar possession of two eyes means not merely 
that W'e are able to see things more intensely, but 
also that wo are able to perceive their form in 
perspective by an unconscious comparison of 
tho slightly differing images which the two eyes 
j)crceive ; and, similarly, the possession of two 
ears enables us not merely to perceive sound 
more acutely, but also to perceive its direction. 

A Puzzle in Sound. It is an obvious 
consc(iuenco that, if we produce sound in such a 
fashion that it is absolutely equidistant from 
the tw'o ears, we shall be a bio to defeat any 
possibility of locating it, except in so far as the 
subject of the experiment is able to say that tho 
sound is somewhero equidistant from tho two 
ears. In order to obtain success with the follow - 
ing experiment, it is nocessaiy that the acuteness 
of hearing in the two ears be equal. Tho subject 
is blindfolded, and a noise is made by tho finger 
and thumb, or any other means, just in front of 
his nose, under his chin, or at the back of his 
neck. From the fact that the sound is heard 
equally in tho tw'O ears, the subject will rightly 
confine liis guesses to the j)lane in w'hich these 
places lie, but as to the exact part of tho plane 
from which the sound proceeds he will be com- 
pletely nonplussed. A sound produced under 
his chin is as likely to bo referred to the top of his 
head or to the back of his neck as to its actual 
source. This experiment affords a very con- 
clusive proof of the accepted theory. The 
actual mechanism by which we appreciate sound 
is dealt with in Physiology. 

The Structure of the Ear. Tho sound- 
wave which has been more or less collected by 
reflection in the external ear passes through 
a short canal, at the bottom of which is found the 
tym/panunif or drum of the ear, w'hich is thrown 
into vibration synchrpnous with — that is to say, 
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,at the Bame rate as — the alternation of com* 
preesions and rarefactions that constitute the 
sound-wave. To the inner side of the drum is 
attached a small bone, which is joined to another 
and it to a third. These three auditory ossicles 
(ossicle meaning a small bone) form a very oblique 
bridge across a narrow, air-filled cavity which, 
though really littlp more than a slit, is known 
as the middle ear. The air which it contains is 
supplied from the throat by means of a special 
channel which is known as the Eustachian tube. 
This permits the air to pass in or out, so that its 
pressure may always be the same as that of the 
air on the outer side of the drum — that is to say, 
that its pressure may be the same as whatever 
happens to bo the atmospheric pressure at any 
given moment. The persistence of this equality 
of pressure is necessary for comfort and also 
for hearing successfully. [Sec Physiology.] 

The Middle Ear. The business of the 
three bones is to transmit the to-and-fro vibra- 
tions into which the first is thrown in virtue of 
its contact with the tympanum. Two minute 
muscles are attached to these bones, one of which, 
when it contracts, tends to tighten the drum of 
the ear so that it responds more readily to aerial 
vibrations of small amplitude. The hearing is 
thus made more acute, and we therefore employ 
this muscle when we strain to hear. When the 
second muscle contracts, it tends to lessen the 
rigidity of this threefold fconducting apparatus. 
It is therefore of value when we try to reduce 
the intensity of loud sounds. Sometimes it is 
paralysed, and then loud sounds are found to 
be very painful. This muscle is the nearest 
approach that we possess, as wo have no ear- 
lids, to an apparatus for cutting off external 
vibrations — ^which our eyelids do so efficiently 
for the eyes. 

The Inner Ear, The third and last of 
the three bones is fixed to another membrane, 
which is thrown into vibrations corresponding to 
the vibrations aroused in the tympanum, and 
which closes a remarkable canal fille dwith fluid, 
the said canal being part of the internal ear, the 
essential part of the organ of hearing. The sound' 
vibration, more or less modified in amplitude, 
perhaps, by the action of one of the muscles 
we have named, is communicated to the fluid of 
this canal, which takes a spiral shape that has 
some resemblance to the shell of a snail, though 
it is very much smaller. This canal lies in the 
hardest bone in the body — the hardness and 
rigidity of which are of value, in that they do 
not tend to damp sound-vibrations which are 
appreciated within it. As the sound-wave 
travels along this spiral canal, it naturally affects 
anWtraordinary structure which lies along the 
whole length of a continuous bridge or partition 
that divides the canal into two. This structure 
is known as the organ of CortL 

The Piano Theory of Helmholta. 
As the canal steadily diminishes in width 
through its entire length, it follows that 
the fibres constituting the bridge become 
shorter and shorter. This fact aroused the 
careful attention of the illustrious German 
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physicist Von Helmholtz, whose name will go 
down to all time as one of the founders of the 
doctrine of the conservation of energy. Helmholtz 
supposed that, as in the case of a piano, the 
shorter . fibres of this bridge — those that Ue 
nearer the apex of the spiral — correspond to 
musical notes of higher pitch, while the longer 
correspond to the low notes. This may be 
described as the theoiy of sympathetic vibration, 
or, more briefly, the resonance or piano theoiy 
of hearing. This theory has been widely helci, 
but it is extremely difficult 'to perfect it in 
accordance with the facts. It is, however, most 
remarkable that there have been recorded 
numerous cases of partial deafness where the 
patient was able to hear every note on the piano, 
perhaps, except one, or a sequence of two or 
three. In such cases it has sometimes been 
found that there has been some destruction of 
the structure of the internal oar, more or less 
corresponding to what might have been expected 
on the assumption that the piano theory of 
Helmholtz is correct. 

The Function of the Cells. At any 

rate, the fibres of this long bridge are covered 
by a company of tiny living cells, which are 
provided with minute, sensitive hairs. They 
must be regarded as the true auditory cells, 
corresponding to the distinctive visual cells 
of the retina of the eye, which are the immediate 
means of our appreciation of those ethereal 
vibrations we call light. The hairs of the 
auditory cells doubtless appreciate every motion 
or change of pressure which a sound-wave 
from outside may impart to the fluid in which 
they are bathed. The base of each of these 
innumerable cells — the actual number being 
about 15,000 — is directly supplied by a tiny 
branch of the nerve of hearing. But when we 
come to the transformation of material vibrations 
into nerve energy, we have reached the limit of 
w’hat is ordinarily regarded as physical inquiry. 
The entire length of the canal wc have described 
is about one inch. As this is very much shorter 
than the shortest wave-lengths of any sound 
that we can appreciate, it follows that the whole 
internal ear must constitute one vibrating 
system, the whole of which at any one moment 
is in the same phase. The structure is infinitely 
more complicated than we have described, and 
may be studied in more detail in Physiology. 

How we Recognise Sounds. The 
question of the recognition of the pitch of a simple 
tone is difficult enough, but it is as nothing com- 
pared with the difficulties of understanding the 
means by which wo recognise and appreciate com- 
pound tones. Perhaps the best fashion of under- 
standing the extraordinary difficulty of such a 
feat is to use the following analogy, which the 
present writer suggested some years ago : 

Let us take the case of the movements of 
an electron constituting part of an atom of 
matter upon the surface of the moon. This 
electron is partaking of a very large number 
of motions— even begmng the hitherto un- 
answered question whetner it is in rotation on 
its own axis. We are sure, at any rate, that 



it is moving within the atom — probably revolving 
around the atomic centre. It also partakes in 
that movement of the atom as a whole which 
constitutes what we call heat. Together with 
the atom which it helps to compose, it must also 
be supposed to be drawn gradually toward 
the centre of the moon as she cools. It is also 
moving as the moon rotates upon her own 
axis, and as she revolves around the earth, 
and as the moon and the earth revolve around 
the sun. But astronomers tell us of the proper 
motion of the sun, and declare that the solar 
system as a whole is journeying at the rate of 
some eleven or twelve miles a second towjird 
the bright star Vega in the constellation Lyra. 
■Thus, there/ are, seven or eight motions, and we 
know not how many more, which the electron is 
simultaneously performing. Upon these we may 
all be agreed, but at the same time we are also 
agreed that at any given moment the electron is 
moving in only one direction and at one speed. 
Its absolute motion is the consequence of the 
composition of all these relative motions. 

** Hearing by Imagination/’ The case 
of the electron is exlraordinarily similar to 
that of the particles of air in a complex sound- 
wave. The mind forbids us to conceive that 
any of the jjarticles arc moving in two directions 
at the same time. In order to d(3 so we should 
have to think of them in two places at the 
same time. What, indeed, reaches the ear 
when we h’ston, for instance, to combined 
orchestra and soloists, is not the sound-wave 
corresponding to the voice of any of the singers, 
nor the sound-wave corresponding to any of the 
instruments. It is a wave of incredible com- 
plexity, the form of which is dctcmiinod by all 
the sources of sound involved. 

Each of those sources of sound can do no more 
than modify the form of the resultant wave in 
proportion to the form and amplitude of thc 
wavo which it would produce if, so to speak, 
it had the air to itself. In fact, then, when the 
ear of a musician distinctly hears the phrase 
which the violins are playing or the tenor is 
singing at any given moment, he hears what is 
not there. The wave-form corresponding to the 
violins or to the voice is represented merely by 
one phase/ of the complex movement w^hich the 
aenal gases are performing. The car is thus 
able to reconstruct, imaginatively, the rest of 
the wave from a mere fragment of it, and the 
listener thinks he hears the tenor’s voice, 
whereas in reality he only hears a complex sound- 
wave, the form of which has been somewhat 
modified by the fact that the tenor has con- 
tributed his own tendency to it. 

A Wonderful Power of Keconstruc- 
ilon. ' Similarly, in clamour of voices, the 
result -of ^which is ono.ehiglc wave-forni, the ear 
is able, at choice, to listen to the whole as a 
clang or harmony, or to recognise from all these 
voices one that is familiar, or even to recognise 
in that familiar voice the particular relation of 
over-tones which may indicate any particular 
emotion, such as joy or fear. Yet, unless wc are 
to accept the inconceivable proposition that the 
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atoms of air can be in two places at once, we are 
compelled to recognise that the ear has re- 
constructed, from a mere indication, particular 
wave-forms which have no actual existence. 
This analytical or reconstructive power of the 
ear is the most remarkable of all our sensory 
powers, and is seen to be none the less so when 
one examines the complex wave-forms which the 
phonograph is able to record. 

There is no analogy in the case of sight, 
which, indeed, is inferior to hearing in dis- 
crimination. Wherever we turn our eyes, any 
given portion of the retina, or perceiving 
curtain, at the back of the eye merely appre- 
ciates the particular ether waves that happen to 
fall upon it. Even if wc fix attention on a 
particular part of the field of vision — a particular 
feature of the landscape or the freckle on the side 
of the nose of the person we are speaking to — 
there is no reconstructive or analytic power 
such as the ear possesses. 

The Ear’s Analysis of Wave Sounds. 

A complex wave form consists of a number 
of ripples of varying size and shape, moulded 
upon bigger wavelets, which, in their turn, 
are moulded upon waves bigger still. Each 
of the little ripples simply indicates all that 
is left of the wave produced by — say, at a choral- 
onthestral concert — a given horn or violin or 
contralto when that wave has been merged in 
and blendi'd with all the other waves that arc 
coming from the stage. Yet from a mere hint, 
such as an amputated curve in the whole com- 
plex vibration, the hearing ear can reconstruct 
and imagine that it hears the voice of any of 
the soloists or the tone of any of the instruments 
in the orchestra. The ease is even more re- 
markable, indeed, than, for instance, the recon- 
struction of an extinct animal by study of one 
of its bones ; for in the case wo are considering 
there is really left not even an amputated por- 
tion of the sound-wave belonging to any of the 
instruments or voices. It is impossible to point 
to any part of the wave-form and say : “ The flutes 
contributed that.” If the diagram of the 
wave-fonn of the flute was supcTposed upon the 
diagram of the complex wave-form that is act- 
ually produced, there would bo no coincidence 
between them at all. These considerations make 
this amazing power of the human ear more 
amazing still. 

Sound can be felt. If wo realise that 
sounil has an objective basis consisting of 
material vibrations, it will be plain that, as we 
noted above?, there are other means than the 
living ear by which sounds may be appreciated. 
They can, of course, be appreciated by the finger 
—that is to say, the finger can fool the vibra- 
tions of a vibrating object. There is a profound 
difference ^ between the impression which such 
an object makes on the sense of touch and that 
which it makes on the senfte of hearing. But 
the objective fact, whether we call it sound or 
whatever we please to call it, is one and the same. 

The phonograph offers a simple illustration of 
the means by which sound vibrations maybe felt, 
so to speak, and recorded. 
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Tyndall*a Sound Flame. A number 
of experiments have been made with flames 
especially designed so as to be very sensitive to 
sound, the most celebrated of these being the 
so-called vowel- flame contrived by Professor 
Tyndall. This is about two feet high, and is 
extremely sensitive to all sorts of sounds and 
musical notes. It responds especially to tone 
of high pitch, and therefore to those particular 
voweb which contain the largest number of 
over-tones of high pitch. For instance, it is 
very much more markedly affected by the vowel 
ee than by the vowel oo. For wo may here note 
that, as Helmholtz proved, the difference between 
the various vowel tones — every one of which may 
be sung on one and the same note — depends 
upon the variation in their over-tones. It appears 
that in the case of vowel production the over- 
tones are produced partly in the mouth itself. 
It would seem to be a conclusive proof of this fact 
that we are able to whisper the vowels. When 
a noise or musical note is made to which the 
flame responds, it Avill ([uiver in greater or less 


pected between the form which the altered flame 
takes in the mirror and the form of the marks 
produced by the needle of a phonograph under 
the influence of the same sound. -It is especi- 
ally by this admirable ooiiibination of.tho devices 
of Helmholtz and Konig that it is possible to 
analyse completely the nature of the various 
vowel tones. But even this method has been 
superseded, or, at any rate, supplemented, by 
the application of photography to the phono- 
graph, and the subjection of the curves so ob- 
tained to mathematical analysis. 

Harmony and Discord. Finally, we 
may note a few of the simpler facta of harmony 
andf discord ; and, in the first place, we must 
observe the peculiar phenomenon called inter* 
ference, of which much more must be said when 
we conjo to consider waves of light. Inter- 
ference is a phenomenon common to all forma 
of wave motion, and everyone has observed 
some consequence of it who has watched the 
rebounding of waves from a breakwater. Every- 
one knows how, when the two crests, the one 
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degree, or may actually be so much shortened 
i\s almost to disappear. The instant that the 
noise to which it objects ceases, it jumps up again. 

Analysis of Vowel Sounds. The 
-German physicist Konig has utilised these facts in 
order to make what he calls a vsianmietric flame. 
If we take a series of Helmholtz’s resonators and 
attach them to the manometric flame apparatus 
of Konig, it is quite easy to analyse any com- 
ound tone or clang [see illustration]. The 
iagram shows how the sound is made to throw 
a membrane into vibration on the far side of 
which the gas, as yet unlighted, is passing upward 
tovffuxis the flame. Now, in order to observe the 
movements of the flame, which are very rapid, 
it is necessary to look at its reflection in a rotating 
mirror. During silence this simply forms a 
long band of light, but it is broken up into various 
forme according to the sounds that are produced, 
These may be extremely complex in their 
shape in accordance with^ the complexity of 
wave-form of the sound that is being pr^uced ; 
and there is the coinoidence that might be ex- 
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of the advancing and the other of the rebounding 
-wave, coincide, the water is very much raised. 
On the other hand, whore crost and trough meet 
one another, they neutralise one another. This 
is w'hy the phenomenon is called interference. 

The musician knows interference because of 
his familiarity with what he calls beats. When 
two notes are sounded together, wo get an 
unpleasant effect of sudden reinforcements of 
the sound called beats. In such cases we always 
find that the two notes are really very near 
one another — perhaps nearer one another than 
any two notes on an organ in tune can possibly 
be. These beats or throbs constitute the ulti- 
mate basis of discord. Now, discord is usually 
taken as synonymous with disagreeableness of 
sound, but the question of pleasantness or other- 
wise of sound is a matter of taste, and therefore 
not open to dispute. It all depends upon thp 
number of beats which the indlividual ear can 
tolerate. Not only so, the occurrence of dis- 
cords is of immeasurable musical value. 

C. W. SALEEBY 
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Stagings for the Erection of Permanent Works. Methods of Union. Piling. 

Strutting. Bridge Erecting. Joints. Gantry Stagings. Derrick Stagings. 

STAGINGS AND GANTRIES 


Stagings and Gantries. The bricklayer's 
scaffolding made of poles and ledges, lashed 
together with ropes, and supporting putlogs and 
planks, has but a limited service in engineers’ 
work, which is generally of so exacting and 
varied' a character that something much more 
substantial is required. The stagings of the 
engineer are used for the erection of girder 
bridges, viaducts, stool roofs, piers, and allied 
work, taking the place of the centring of the 
bridges of stone and brickwork. The scaffolding 
of the ciiigineer has to carry massive girders of 
steel, and often besides cranes and tackle '4or 
hoisting the same. These “ temporary works,” 
as they are called, are often constructed of steel, 
but with these we are not concerned. They are 
of rather a costly character, even though built 
of timber, because of the large quantity required 
and the labour engaged in their construction. 

Little in the way of erection of permanent 
works can be accomplished unless provision is 
made beforehand for the support of the parts of 
a structure during the course of the erection. 
The centring for arches is a typical and familiar 
case. No matter how large the span of the arch 
is, the centring must hv. continuous to afford 
support to the masonry laid and built upon it 
until the structure is completed and the mortar 
has set. This is a case where the shape of the 
staging coincides exactly with that of tlu' work 
built upon it. 

The same principle is carried out in all cases 
where a horizontal plane staging is built to 
support during erection the floor of a girder 
bridge, the oiily method which was in use until 
about 1850. A firm base of this kind fuliils not 
only the function of support to the girders, but 
is also a safe platform on which men may move 
about, and where the tackle for hoisting and 
carrying can be sustained. Stagings of this kind 
are demoted by the term “ false work,” or 
“ temporary work,” to distinguish them from 
those which are real permanent structures. 

in all contractors’ estimates their cost has to 
be calculated as carefully as that of the actual 
structure, and added to it. Their construction 
may bear a large proportion to the total cost. 
In some cases they may equal or even exceed it. 
The quantity of materials required is large, and 
the plant and the labour costly. 

Bridge-Building without Stagings. 
Because of this costliness, other ways of doing 
the work have been adopted when possible. The 
most important of theso is the construction 

on-shore” df w span, or a portion' of a span, 
'Which is theny duly counterweighted, tb^st out 
' over a chasm or a stream. Allied to this is the 
method of floating out a structure on pontoons. 
These methods have oome into use only with* 
the practice of building with iron and steel, 


being obviously impossible with masonry. When 
stagings are erected in the course of navigable 
streams, the erection is complicated by the 
necessity of leaving a clear passage below. Then 
the cluster system is adopted. Groups of piles 
or standards are driven in near the piers 
only, and these are comiccted with horizontal 
members laid on them. 

When navigation is not in question, or when 
stagings oecu[)y a valley, the spacing may be 
equally distributed. Almost in vojiably stagings 
are constructed of timber. Hometimes a com- 
posite structure is adopted, iron ties and bracings 
being combined with timber piles and beams. 

The strength of stagings lias to be estimated 
by the same methods as those of the permanent 
structures. Jn wind-swept chasms and broad 
rivers, high factors of safety are necessary. In 
streams subject to st^vere floods, to floating ice, 
and in tidal estuaries, other risks arise, by the 
operation of which false works have not infre- 
quently been involved in destruction. 

An aspect to be born in mind in erecting false 
works is the diminution of the selling value of 
the materials after the completion of the con- 
tract. Therefore, as little necessary damage as 
possible is done to the materials used in the form 
of bolt-holes, tenons and mortices. As much 
length as possible is left uninjured in carrying 
out the necessary boring an^ cutting. 

Gantries. There is also a type of staging 
better known under the term gantries, the func- 
tions of which may be identical with, or different 
from, the foregoing. Gantries are built for the 
erection of work simply, or they are stmetures 
for carrying travelling cranes, or erecting 
towers or skips, t'te. llio diflercnce in the two 
is rather in function than in essential form or 
design. In the ease of many architectural works 
of a large and substantial character, especially 
wht*n masonry is much used, various forms of 
gantries, including derrick platforms, are very 
generally employed. 

Trestles. Allied to these, agaiii, are the 
trestles, or clusters of braced standards used for 
carrying horizontal staging, the timber staging 
for derrick cranes, the towers for aerial ropeways, 
all having in common the cross bracing of 
vertical members otherwise liable to bend only 
yield under loads. 

Stagings, again, may be broadly divided in two 
groups — the fixed and the portable. The first 
is the more common, the second being used 
chiefly for the erection of bridges over deep 
streams into which piles cannot be driven. It 
is also employed in erecting gtisholders. 

Methods of Union. One feature which all 
these structures have in common is the method 
of union of the timbers. As these consist of 
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balks, mostly with some half timbers a^d plank 
decking, the fine work of the joiner is out of 
the question* The stub tenon and the joggle 
predominate, and the real agents of union are 
chiefly bolts, dogs, and spikes. The tenons 
and joggles prevent slipping of the timbers 
over one another, but their security depends 
on the bolts and other fastenings employed. 

Bracing and Struts. Another essential 
characteristic is that bracings and struts enter 
largely into construction. The taller and longer 
the structures, the more importance do these 
assume. It is a familiar fact that one diagonal 
brace will prevent a rectangular frame from 
“going cross-cornered” — in other words, assum- 
ing the form of a rhombus. This fact illustrates 
one of the functions of bracings and stnittings. 
But another of equal importance is that bracing 
puts the tall standards into the condition of 
short columns. This means that the tall sticks 
of timber, oven though, say, 12 in. square, are 
very weak, and would bend and yield if unbracc^d ; 
but when several of these are connected with 
diagonal bracings the strength becomes that 
of short colunrns of large area of base. 

Fixed Stagings. Fixed stagings on land 
are built on squared timbers (balks) sunk into 
holes dug several feet deep in the ground, 
and loaded round with large stones. The ends 
are well tarred first. Similar stagings in streams 
or on dock sides, or on breakwater and pier work, 
are built on squared piles [68 and 69] shod with 
steel and driven into the soil. The real work 
lies hero, since the difficulties are greater than 
with superstructural portions. Good piling is 
a firm foundation oif which to build. 

Piling. Piles are rendered capable of 
supporting a superincumbent load either by 
their reaching firm ground, or, when no such 
ground exists, by the friction of their sides 
against the soil. Much difference of opinion 
exists in regard to each of these, but when an 
ordinaiy monkey, let fall from its full height, 
fails to move a pile more than ^ in. or J in., it is 
considered that the pile has found a firm bottom. 

The spacing of the piles is settled by the 
load upon them. About 1000 lb. per square 
inch of head is a safe load. 

Stability is often studied by driving piles in 
diagonal directions instead of perpendicularly, 
imitating the batter of walls, and thus increasing 
the width of the base considerably. This can 
only be done in one direction as a rule, the 
exception being a structure with a base of 
square or oblong form. 

^ It is not sufficient to drive piles firmly ; they 
must be tied together in some way so as to enable 
them to withstand the rolling or rocking loads 
to which they will be subject. Piles are often 
tied together by straining chains with a tighten- 
ing screw. The chains are attached to the piles 
which form the four comers of an enclosed 
rectangle, and are screwed up taut. Sometimes 
the fastening down of the cross timbers and 
decking is sufficient, but more often, especially 
in deep piling, the timbers have to be strutted 
[69^78] or connected with diagonal bolts. 
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crossing each other. It is not usual to place 
much reliance on bolt fastenings or on the end 
contact of timbers for stability, but to trust 
more to the judicious crossing and strutting, 
which prevent initial movements. 

The uprights or standards of stagings erected 
on land [73-75] have the same functions 
as piles driven under water, and the remarks 
just made respecting tying them together and 
stiffening with struts or crossing bolts apply 
in every case whether the stagings are fixed or 
mounted on wheels. 

Strutting. The strutting of main timbers 
when done properly renders movement in any 
direction in the plane of the struts impossible. 
The strutting is made double, equal, and in 
opposite directions for this purpose ; the 
stress tending to move the structure as on a 
pivot to right hand or left is mot by its strut or 
set of struts. The struts must, therefore, be 
Iirovided with some suitable resistance. Here 
it should be obvious that no mere tenoned joint 
w^ould hold the members firmly. Though stub 
tenons are sometimes used to prevent slipping 
sideways, they are never relied on alone, but 
straining pieces, joggles, or abutment pieces, as 
they are variously termed [69, 70, 74, and 75], 
are employed. They may be long pieces bojted 
or spikid to the main timbers, or short chocks 
only, similarly fastened as shown in 74 and 75. 

These take the stresses on the struts, but the 
latter must bo also bolted or dogged securely 
to the main timbers, the bolts passing through, 
and their heads and nuts resting on iron washers. 
The dogs are simply driven in just as the carpenter 
drives his little dogs or staples temporarily 
into timber. Too many bolts in timbers are 
objectionable, not only because they cost 
more to make and fit than dogs, but also because 
the bolt-holes lessen the value of the timber 
for sale. This, of course, only applies to tem- 
porary works. 

fiorisontals. The upper horizontal tim- 
bers must be adequately supported. If the 
piling or the standards are not very far apart, 
the horizontal timbers generally require no 
other support. Frequently, however, two sets 
of horizontals are used, laid one over the other, 
crossing at right angles. But, apart from this 
device, horizontals must be stinened if they 
are supported only at long inteivals. This is 
done either by strutting [74] or by trussing [77 
and 78]. The first named is less costly than the 
second. But when timbers are very long, 
trussing is the only method practicable, and 
this may be single [77] or double [78], In this 
the stresses tending to bend the timber down- 
wards are transmitted to the truss or tie-rods, 
which are anchored at the timber ends, and in 
a strut of oast iron [79], or two such struts, 
fastened to, and projecting from, the bottom 
face of the beam. This device is not often 
adopted in temporary stagings, but it is usual 
in permanent gantries. 

Tall Stagings. TaU stagings [70, 7t and 
72] are essentially a multiplication of the single 
staging. * They are necessaiy where.-the girders 






80-93. THE PRINCIPAL FORMS OF JOINTS FOR STAGING TIMBERS 


for bridges and viaducts have to be carried strnction than the cluster device, but in some 
across deep ravines. They arc made broader at cases uses a larger quantity of timber, 
the base [71 and 72] than above, and the main The Cluster System. In this [71 and 
members form several tiers, which arc each 72] navigation is scarcely impeded, since the 
strutted similarly to a single element. Around clustered standards are spaced widely apart, 
this general design engineers effect all kinds of But this involves the connoctitm of the tops of 
modifications adapted to any particular piece the standards by horizontal beams, so making 
of erection in hand. a gantry. These beams of timber or steel aro 

Portable Stagings. Portable stagings generally both trussed and strutted, to enable 
embody the principles of construction of the them to carry cranes and the bridge girders’ loads, 
foregoing in so far as the strutting and union The standards for staging must consist of 
of the members is concerned. The difference is jnles in swift streams, and in those like the 
that, instead of fixed piles or standards, the rivers of Canada and North America, where 
staging is mounted on flanged wheels [76], to floating ice comes down. It is also safer in 
run on rails, if pn land, or is placed on a pontoon, slow-ninning navigable streams, 
or pontoons, if for bridge erection. There are many cases in which it is not 

Bridge«erectihg Stages. The stagings necessary to drive piles, but the standards are 
for the erection of bridges are of two kinds instead stood on the river bed and enoldsed 
— those having the piles or standards spaced with a mass of rubble [70], to prevent them 
oqiiklly and those in which they are clustered. from shifting^ Or the two methods are' used in 
The difference between the two is as follows. combination, some standards being driven, others 
Equal Spacing. Here the bridge is loaded with rubble and^ the 

erected on stagings vj^hich are placed at regular portions braced. On land, standards ore 

intervals [70], excepting hear the centre of the sometimes carried on horizontal timbers [78], 
waterway, where a space of double or treble RS» of ^ioursq, they must bo also when a traVeBrng 
that allowed- elsewhere is given, in order to staging is mounted on wheels [ 7 fl. 
permit of navigation there. But at any other Choice of Methods. What particular 
locality the stagings bar traffic. This method method shall bo adopted in any case is a ques- 
is only suitable where streams are not liable to tion for settlement by the engineer, who has 
flood or to drifting ice. It is a simpler con- to take all the local circumstances into con- 
1074 
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QROUP 14— BUILDING 

Bideration. The nature qI the ground, the span, 
height, wind pressure, navigation, etc., all have 
to enter into the calculation, and a matter as 
important as any is that of cost. 

Alternatives to Stagings. The staging 
method of erection of bridges is alternative to 
that of floating out bridge girders, or rolling 
them out from the shore, or building them out 
from their pi(?rs. It possesses the great ad- 
vantage of giving the men a good platform 
to work upon, and under some conditions may 
thus prove less costly than otlier methods where 
no staging is used. The parts of the work that 
are being erected are not subjected to any 
strain, such as often occurs in the other methods, 
especially in the case of CHiitileviu* and girder 
bridges like that over the Forth, or the arched 
bridge built over the. Zambesi. Every member is 
supported by the staging until tlu^ last rivet is 
closed, and each is then sulijccted only to the 
normal stress for which it has been proportioned. 

Joints, 'riic methods of jointing the heavy 
timbers for staging admit largcdy of repc'tition — 
that is, the forms used are not very numtTons, 
but they occur again and again. Some of the 
principal are shown [80-93]. 

It may be laid down as an axiom that the leas 
cutting done the better from the point of view 
both of economy and of strength ; eeonorny of 
time, and also in money, from the fact that the 
material is more saleable on the conclusion of 
a contract ; strength, because deep cutting 
diminishes the strength of a eeciion. 

8till, as already remarked, it is seldom usual to 
trust to bolts alone for security, but joggling, even 
though shallow, is practised. Beams, stringers, 
transoms are notched or joggled, and struts are 
Btub-tenoned. 8trap bolts and through bolts 
figure largely as fastenings. Where these alone 
are not sufiieiont, straps of forms suited to the 
joints, and direction of joints of the beams are 
laid against' fact's and bolted through. 

Numerous examples are grouped in 80-93. 
Fig. 80 illustrates the shouldering of an upright 
between two horizon teals. Fig, 81 is similar, with 
the addition of a diagonal strut, wliich rests on 
a horizontal. Fig. 82 is a diagonal timber : a 
chock fills in the end, and the whole is bonded 
and bolted together. Fig. 83 is a diagonal strut 
abutting on a step or straining-piece, and secured 
by bolts. The long bolts flanking the diagonal 
go up to a horizontal timber. Fig. 84 shows the 
detail of the other end of the diagonal fastening 
to the horizontal timber. Fig. 85 is another 
diagonal fastening made with long bolts. Fig. 
86 is an intermediate tie securing a vertical to 
a diagonal member away from the end fastoiiings. 

Fig. 87 shows horizontals and verticals fas- 
tened with a tenon and bolts, and a diagonal stub- 
tenoned ; 88 is a right- angle fastening, tenoned 
and bonded with a strap bolted through; 89 
shows uprights united to a horizontal with a 
joggled piece ; 90 illustrates strutting attached 
with an iron knee ; 91 crossing diagonals 

shouldered into the upright ; and 92 and 98 show 
various crossing joints shouldered and secured 
with covering straps and bolts. These do not 
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exhaust the joints possible, but scarfed and 
joggled forms, and the methods of making 
mortises and tenons, etc., are given in the 
course on Carpbntry. The timber used for 
staging is usually deal or pitch pine. 

Gantry Stagings. Gantries and stagings 
for travelling cranes, crabs, erecting towers, and 
for fixed cranes are used largely. The principles 
laid down are embodied in these. There arc two 
principal types — the framed structure and the 
braced — and both kinds are made fixed or port- 
able. Gantry framings of both kinds are shown 
with variations in the method of construction. 

In the fixed type [74 and 75], which may bo 
extended to any length, the work being an exact 
r<‘petition of that shown, the cheapest style of 
construetion is given. The various members arc 
fastent^<l witli dogs. The verticals and horizon- 
tals arc strutted, and diagonal struts atTord 
st/iibility at the ends [74] and sideways [75]. 

In the portable type [76], which has to be 
stable in itself, more care is taken with the 
joints and fastenings. On such end framings 
any supemtriicture can be raised, either timber 
b('anis for cranes or floorings. Strutting of these 
in a direction at right angles with the piano of 
the framings must bo done, and if the beams 
.are of considerable length they must be trussed. 

The travelling wheels must have their axles 
carried in cast-iron bearings Ixjlted to the 
timbers, and in heavy gantries j) revision must 
be mjule for travelling by toothed gears operated 
by winch-handles, 

DerricK Stagings. When it is necessary 
to hoist materials to a great height, as in th(' 
erection of tall buildings, a derrick crane mounted 
on a high staging [73 1 is more economical than 
a gantry with a travelling cr.anc. I'lie kind of 
.stage employed for this purpose consists of three 
built-up legs, one at each corner of a tTiangular 
base. The main one, known as th(‘ king leg, 
supports the derrick. The other two are termed 
(pjccn or chain legs, and their function is to 
atford anchorages for the guys of the derrick. 

These legs each consist of a square column of 
lattice- work formed by four vertical corner 
timbers, each of about 12 or 14 in. square, 
connected by horizontal and diagonal bracings. 
•Tke king leg has a middle vertical timber, iji 
addition to the corner ones, and is generally of 
larger dimensions than the queen legs, though 
all are of the same height. Owing to the great 
height, the vertical timbers have to be built up, 
either by fishing balks ('nd to end, or by bolting 
a number of deals together and arranging them 
so that they break joint. A secure base of 
concrete or crossed balks must be prepared to 
erect this staging on. The legs are connected 
at the top by trussed girders, and below by 
diagonal timbers. 

The logs are loaded with kentledge, either 
bricks, stones, or pig-iron. A chain is suspended 
from the extremities of the derrick legs, and is 
loaded near the ground. This prevents risk of 
overturning of the crane, or lifting of the back 
guys, which in ordinary cranes fixed to the 
ground is done by bolting them into the sleepers. 

W. J. HORNER 
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Principles Underlying the Study of 4nlmal Life. How 
Environment changes Functions. The Twelve Great Groups. 

HOW ANIMALS ARE CLASSIFIED 


G reen plants alono arc able to bridge the gap 
between the inorganic and organic worlds, 
by building up water, carbonic acid gas, and 
certain simple mineral compounds into living 
substance. Directly or indirectly, they constitute 
th(» food of animals, which but for them would 
starve and perish. They also jirevent animals 
from vitiating the atmosphere to suffocation- 
point, for the breathing of animals rapidly 
uses up the free oxygen of the air and adds 
vast cpiantities of carbonic acid gas. Green 
plants breathe in exactly the same way, but 
on the other hand they absorb the carbonic 
acid gas for the sake of its (iiirbon, and lilx'ratc 
free oxygen .as a by-product of their feeding 
processes. The net result is the maintenanee 
of the average conpiosition of the air for an 
indefinite period of time. Were it jiossible 
suddenly to destroy all green ])lants, tlie wliole 
animal kingdom would quickly die of suffocation. 

The Survival of the Fittest. The 

question of evolution is fully dealt with in the 
course on Life and Mind, and has been also 
touched upon in the last chayder; but a.s its 
principles illumine and inform the .study of 
animals at every point, a few remarks on the 
subject may be fitly made here. Wo now no 
longer believe that the innumerable species of 
animals were sejiarately created, l)\it hold them 
to have arisen by modification or evolution of 
jire-existing forms. 

The rapid increases of animals, and the limited 
supply of food and standing room available, 
have resulted in a keen sfrugqle for c.risfmee. 
jnuch as m.ay be observed in a crowded liumaii 
(•ommunity. And as individuals differ or vary 
from Fine another in greater or less degree, those, 
best fitted to hold their own in this continual 
light are must likely to survive and leave off- 
spring to inherit tbidr favourable eharacit'rs. 
We have, in short, survival of the fittest by a 
proces.^ of what is metaphorically termed 
“ nu. ural” selection, as contrasted with 
aitUicdal ” stdectioii whereby the breeder 
and fancier have established varietie.s or 
breeds of all sorts of animals for the benefit or 
gratification of mankind. The unfit are ruthlessly 
eliminated, and disa])y)ear yiermanontly from the 
world's stage. 

Structural Adaptation of Animals. 

During the process of evolution, animals 
gradually become adayited to their surroundings 
or environment, using these words in the widest 
sense to include plants and other animals, as 
well as such things as land, water, air, and 
W'eather. It therefore follows that most, if not 
il^. of the structural details of an animal have 
practical meaning, as we have already seen 


to be the case with ])lants. No hotter instance of 
thi.s could be given than the mutual adaptations 
of flow'ers and certain insects. A monkshood 
blossom, for example, is so specialised in relation 
to the visits of humble-hccs that a ydaster cast 
of its interior closely resembles the body of siudi 
a bee. The tongue of the humblc-bc(‘, on tlie 
other hand, is of precisely tlie length necessary 
to rea(di the nectar in the monkshiwd flower, 
it is, in fact, abundantly evident that the course 
of evolution of the flower has been partly 
determined by the insect, which itself has evolved 
in part under the influence of the flower. 

Every Animal the Solution of a 
Problem. A piece of machinery such as a 
wateiplano embodies the solulion.s of a number 
of yiraetical yiroblems relating to flight, yiro- 
gression on the vSiufacc of water, and so forth. 
In the same way we may regard an animal 
as a very intricate ])iece of mechanism, 
embodying solutions to the problems of life 
in partiijular surroundings. • M’he natural 
history of today searches out the 'why and 
wherefore of animal form and structure, which 
makes an ociaipation of vividly interesting 
kind. The colour-bands upon the body of a 
bee or wasj) w(‘re once studied simply as a means 
of distinguisliing bctw'oen ditTercnt species, and 
they are still useful for this purpose, but it is 
much more interesting to know' that these bands 
are a case of warning colouration ” associated 
with unpleasant properties -the iiow'er of sting- 
ing, in this ease — and thus serving as a partial 
protection against the attacks of insect-eating 
foes, such as some birds. 

Vestiges of Former Functions. Animal 
surroundings are ever undergoing change, some- 
times slow ly, sometimes ra]>idly, so that evolution 
has always fresh problems to solve. It has often 
happened in the ])ast, and ^\ill as constantly 
ha])|Mm in the future, that this or that life- 
liroblem w Inch lias found a solution by w'ay of 
inoditicatioiis in structure ceases to be of 
importance. It is waste of force to retain parts 
of the body which arc of no use under changed 
conditions, and they cither have to find fresh 
w'ork (change of use or function) or dwindle 
to insignificant vestiges (rudimentary organs). 
There is no doubt that the remote anoestoi*s of 
land vertebrates were fish-like creatures, possess- 
ing a swim -bladder to help balancing in the 
water, as at the present (lay in many fishes. 
When the water was abandoned for the land, 
a swim-bladder became unnecessary, and by a 
series of gradual changes w^as pressed into the 
service of breathing, becoming the lungs. 

A whale has no externally visible hind-limbs, 
but vestiges can be found on dissection. Long 
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ages since, no doubt, the ancestors of whales 
were land animals with properly developed hind- 
limbs. The change to an aquatic life had far- 
reaching^ results, one being the gradual dAvindling 
of the hind “limbs to mere vestiges — souvenirs, 
as it were, of the old life on land. 

f The wings of insects have gradually evolved 
as. adaptations to flight, and they are typically 
four in number. If, however, we examine a 
daddy-long-legs or crane-fly, we find but one 
pair of wings. Careful inspection will reveal 
the presence behind tlu' u ings of two little f hings 
like very short pins. They arc placed just where 
hind-wings ought to be, and are doubtless the 
vestiges of such wings. It .must not be assumed 
that "vestiges are necessarily useless, and in this 
part icular case the dwindled bind- wings ]>robably 
have to do with balancing. An interesting 
example is afforded by Kerguelen f.sland, in 
the South Indian Ocean, w'bich is so extremely 
windy that flight for feeble creatures like insects 
would often result in their being blowai out to 
sea, to])crish miserably. 1’hc insects of Kerguelen 
have got over this difficulty, for their wings have 
been reduced to vestiges that are of no use 
whatever for flying purposes. 

Homology and Analogy. These useful 
words mean structural and functional equiva- 
lence respectively. Parts of two different kinds 
of animal which are in the same relative position 
and develop in the same w*ay are said to display 
homology (or to bo homologous), whether they 
do the same kind of w'ork or not. The dnim of 
the human ear, for example, corresponds to 
one of the gill-clefts or openings of a fish, but 
the use of the drum is to conduct sound, while 
the gill-cleft is concerned with breathing. There 
has clearly been a change of use during evolution. 

Structures display analogy (or are analogous) 
w'hen they do the same w'ork, though they may 
bo differently placed, and develop in different 
w'ays. The wings of birds and insects will ser\’'e 
as an examjfle, for they are both used for flight, 
but the former are modified fore-limbs, w’hile the 
latter are thin outgrowths from the wall of the 
body w'hich have nothing to do w'ith limbs. It 
often happens that structures are both homo- 
logous and analogous, as in the case of the 
wings of bats and birds, which do the same kind 
of work and are both modified fore-limbs. 

Classification of Animals. As in plants, 
this means arrangement in groups, large and 
small, according to likeness and difference. 
Beginning with the largest, these groups are 
named successively ; Phylum (or sub-kingdom)^ 
class, order, family, genus, specAea, We may take 
kaa an example the phylum of backboned animals 
{vertehrata), which includes a numlwr of classes, 
of which the chief are mammals, birds, reptiles, 
amphibians, and fishes. Mammals are divided 
into numerous orders, one being that - of the: 
hoofed mammals (ungulata). This order^ again, 
is subdivided into various families, of which 
w'e will select the horse family (equidm), 
which is still further divided into genera. 
The most important genus is equus, contain- 
ing all oFcatures to which the names horse, 
ass, and zebra are applicable. Each kind of these 
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is a species. The oi*dinary horse, for example, 
belongs to the species cahallus, and the domesti- 
cated donkey to the species asinua. 

Scientific Names of Animals. As the 

common names of animals vary greatly in differ- 
ent countries, "or everi in the same country, it is 
necessary to give them scientific names, con- 
sisting of two words, the first referring to the 
genus, and the second to the species. Such 
names are mostly derived from I^atin or Greek, 
languages which w'ere at one time known to 
educated persons in all countries. Latin, in 
particular, once served as a kind of Esperanto, 
or common auxiliaiy tongue,, and oven now is 
used in writing some scientific works. Our 
chief legacy from these older times, how^ever, 
is found in the douV)le scientific names of animals 
and plants. By using its scientific names, zoo- 
logists of all nationalities can readily recognise 
and discuss any spccAei^ 

Varieties and Breeds. A natural species 
sometimes includes still smaller groups called 
inrielies, which difft'.r less from one another than 
related species. The clouded yellow {Colias 
edusa), for example, is a British butterfly, 
possessing brilliant orange wings, w ith a broad, 
lilaek border. Inhere is, however, a variety of 
this called “ bdice'^ in which orange is replaced 
by w^hitisb-yellow' in the female insect. The full 
name of the variety is Colias ediisa var. helice. 

The variations of domesticated animals pro- 
duceil by a ]>rocess of “ artificial ’’ selection 
are known as races, or breeds. Common ex- 
amples are afforded by pigeons and fowls. 
Fanlail, pouter, tumbler. Jacobin, carrier, and 
many other breeds of pigeons, though differing 
rnuen in size and appearance, have all descended 
from the blue rock (Columha livin). The small 
Indian jungle-fowl (Gallus hankiva) is similarly 
the stock from w hich Indian game, Wyandottes, 
Orpingtons, Leghorns, Blynioutli Rocks, Min- 
orcan, and similar fowls have been derived. 

Hybrids and Mongrels. To distinguish 
between species and varieties is a difficult and 
sometimes impossible task. As a general ndo, 
howwer. crosses betw'een true species, when 
procurable, are infertile hybrids. The typical 
example of this is the mule, which everyone 
knows to be a cross between horse and ass. In 
the case of varieties it nearly always happens 
that crosses — mongrels, as they are called — are 
completely fertile. But the distinctions in- 
dicated do not always hold, and probably 
varieties are simply species in the making. ' 

True Aim of Classification. Various 
methods of classifying animals have been 
advanced from time to time, but the only one 
scientificaDy sound is classification by pedigree ; 
that is, association together of forms which are > 
actually related by blood. It was long ago reahs^^ 
that the most successful schemes of classification 
took a tree -like form, the great groups (phyla) 
corresponding to the main branches, and their 
subdivisions to clas^js, pikers, and .sq fprth^; 
In the light of the evolution aiy theory jtUs is 
easily intelligible, for the classificatdiy K ih 
foot, a genealogical one. 





PLAN AND CLASSIFICATION OF THE ANIMAL KINGDOM 


Twelve Great Groups* The vast majority 
of animals can be placed in one of other of 
twelve great groups, sub-kingdoms, or phyla. 
The appended diagram arranges these in tlie 
form of a tree, but our knowledge is too in- 
complete to do more than make a very imper- 
fect attempt, A brief description of the twelve 
phyla follows. 

1. BACKBONED ANIMALS — Vcrtcbrata. Tlio high- 
est animals arc here included, and are diHtinguishod 
bytho possession of a backbone (or its equivalent) ; 
a hollow, dorsal, central nervous system; and gill- 
clefts, which aro always present during part of the 
life-history, though in the highest classes of the 
phylum they have nothing to do wdth breathing. 
For details, reference may bo made to the course on 
Biology, which also summarises the ways in which 
backboned animals differ from other forms collec- 
tively called Backboneless Animals (invertobrata). 

2. SHELL-Fisii — Molluscu. These include cuttln- 
fishc‘S and their allies ; snails and slugs; and bivalve 
molluses (oysters, cockle.s, etc.), in which the body 



is not divided into rings or segments, has a fleshy 
locomotor organ, or foot , projecting from its under 
side, and usually an external shell. 

3. JOINTED. LIMBED ANIMALS — Arthropod^i, This 
group embraces insects; scorpions and spiders; 
centipedes and millipedes ; and crustaceans (lobsters, 
orab8» shrimps, prawns, etc.). In all of these the 
body is segmented, or divided into rings, or seg- 
ments, of which a varying number bear jointed 
limbs. Thero is a horny external skeleton, some- 
times strengthened by calcareous matter, as, for 
example, in most crustaceans. 

4. JJINGBD WORMS — Annelida. This group includes 
a vast number of marine worms, as well as earth- 
irorms and leeches. Their bodies are segmented, 
and in marine worms the sclents are provided 
with stump-like limbs, never divided into joints. 
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5. LAMP-SHELLS AND MOSS-POLYPES — MoUusCoida. 
Lamp-shells appear to bo distant and specialised 
relatives of the ringed worms, and possess a bivalve 
shell, which differs, however, from that of the 
bivalve molluscs. They are marine, as also aro 
most of the moss-polypes, minute creatures that aro 
almost without exception aggregated into colonies. 

0. WHEEL ANIMALCULES — Rotifem. Those are 
very small, transparent creatures, of doubtful 
affinities, which ahouiid both in salt and fresh 
water, and are among the most attractive of 
microscopic objects. 

7. ROUNDWORMS — NcmtihAmUt. Here arc placed 
nuineroiis rounded, iinsegmcntod worms, many of 
wdiich aro of a parasitic character, and may have a 
complex life- history. 

8. PLAT WORMS — Platyhdmin. Most of tho mem- 
bers of this group are flattened, unsegrnented 
parasites — e.gf., tapeworms and flnkes. They arc 
chiefly notable as being the source of diseases, while 
their life-histor}’^ is often exceedingly complex. 

0. HEDGEHOG-SKINNED ANIMALS — Rckinoderma. 

This phylum is very clearly defined, and includes 
a largo number of iiurely marine animals, of which 
star-fishes and sea-urchins are mo.st commonly 
known. In the members of tho preceding phjda 
the body is bilaUrnlly symmetrical— i.e., divisible 
into right and left halves, with a clear distinction 
between anterior and posterior ends, while the upper 
and under surfaces are more or less unlike each other. 
But in star-fishes and their allies, although the same 
kind of symmetry is traceable, it is more or less 
obscured by radial symmetry — a kind of regularity 
such as is soon in a wJiccI, star, or regular 
flower, ^rho skin is strengthened by calcareous 
jdates, which often bear spines, 

10. ZOOPHYTES — CoeUnicrata. Probably tho most 
familiar members of this phylum are tho beautifully 
coloured sca-anomonos, which are to bo found 
sticking to rocks between tide- marks, and when 
fully expanded well deserve their name of “ soa 
flowers.” Such an animal is essentially a living 
stomach, radially symmetrical, with circlets of 
tontaclcvS surrounding a central mouth. Cotals and 
jelly-fishes aro other examples of tho group. Nearly 
all zoophytes are marino, and many arc in colonies. 

11. SPONGES — Porifera. A simple sponge is a 
vase -shaped structure, with its walls perforated by 
numerous canals, into which How currents of water 
bearing food and oxygon. Tho various products 
of waste are bonio away by a stream that makes 
its exit from tho mouth of the vase. Most sponges, 
however, form colonios of various and often ir- 
regular shapes. There is usually a calcareous, 
flinty, or horny skeleton, a good example of the last 
being afforded by the bath-sponge. With few 
exceptions, tho members of the group are marine. 

12. ANIMAI-CULES — Protozoa. This phylum em- 
braces a host of lowly animals, the vast majority of 
wliich are minute or microscopic, and often difficult 
to distinguish from the lowest plants. Tho body of 
an animalcule consists of a single cell only, but this 
may bo of a very complex character. Some of the 
slimy “ oozes ” which cover vast areas of the ocean 
floor are mainly composed of the calcareous, or 
flinty, skeletons of creatures of the kind. 

Taking these twelve groat groups of the animal 
kingdom in order, beginning with the highest, wo 
shall be able to illustrate abundantly the main 
principles of Zoology, the chief difficulty lying in 
the great wealth of material. 

J. R. AINSWORTH-DAVJS 
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Cemblnatlon of Three Currents to Produce Revolving 
Magnetic Flux. Induction Motors. Stator and Rotor. 


THREE-PHASE CURRENTS 


W ITHIN the last twenty-fiv© years a system 
of electric supply has come into use under 
>^e name of three-phase electric currents, having 
special features and properties which 
have proved of great value. 

Essential Features of Three-Phase. 

In describing, on page 1284, the properties 
of the alternating current, it was pointwl out 
that in the periodic changes that occur 
the alternating current is of zero value twice 
in each period. Thus an alternating current of 
fifty periods per second dies down to zero a 
hundred times a second between the pulsations 
of the current. It follows that the flow of energy 
conveyed by such a current is pulsatory, not 
steady. This is analogous to that which occurs 
mechanically in any single-cylinder engine. 
There are two dead points in each revolution — 
where the crank has no leverage and the piston 
can exert no turning effort. Engineers get over 
this trouble by designing engines with two or 
three cylinders, requiring ‘two or three cranks. 

The three-phase system of currents consists in 
the employment of throe electric currents, 
which are each alternating with the same 
frequency, and are of ccjual amplitude, but 
which, like the pistons of a thrce-cylindcr engine, 
are arranged not to be in step one with the other, 
but to follow one another in regular succe.ssion. 
The reader already knows how the pulsations of 
an ordinary or single-phase alternating current 
may be depicted graphically, as on page 1288. 

Numerical Illustration. As on page 
1287, so here wc may represent those alternating 
fluctuations numerically. Suppose a current 
that varies between a maximum of 4* 100 
amperes and a negative maximum of - 100 
amperes : then, if wo consider the period as 
divided into tw'enty-four intervals, we may 
ropressent its successive changes during the 
period (lasting, say, one-liftieth of a second) by 
the numbers givi n below'. 

First Httlfqjeriod. 

0 ‘jT 50 71 87 97 100 97 87 71 60 ^ 

+ + + + + ++ + + 


0 20 60 71 87 07 100 97 87 71 60 26 0 
Second Half period 

The values during the second half poriod are negative, the 
minus sign being printed above the tigures that represent 
the successive values, 

Now, in the three-phase plan, we have three 
alternating currents, their relations as to time 
being depicted in 119. In this diagram the three 
currents are named A, B, and C ; and inspection 
of the diagram will show that if the time be 
represented by horizontal distances, each period 
being represented by an inch, then as the zero of 
the current that is in the B-pbase is one-third of an 


inch to the right of the zero of that in the A-phase, 
it follows that the B-current is one-third of a 
period out of step (and later) than the A-curriMit . 
Similarly the current in the C-phase is another 


k 


B 


C 


118. A MUSICAL ILLUSTRATION OF THE THREE 
PHASES 



one-third of a period behind the current in the 
B-phase, or' tw'o-thirds of a period behind that in 
the A-f)haao. But if we look a little further on 
in the A lino, wc see that the next period in the 
A-phase begins at one-third of an inch further 
to the right than the point at which the C-phaso 
began. So the pulsations of the three currents 
come in regular succession, at times one-third of 
a period apart (like the recurrences of the three 
cranks of a three-crank engine or those of a 
three-throw pump), in the order, A, B, C — 
A, B, C — A, B, C, and so on. 


TABI.E OF 

VALUES 

OF THREE-PHASE 

CUHKF^NTS. 

ALTERNATING 

BETWEEN 

1 MAXIMA OF -f 100 

ANI> - 100 

AMPERES 

InHiunt. 

A-|)]insO. 

B-phfiflrt. 

( 

C-phaRO. 


0 


0 


- 87 



+ 87 


1 



('+26 


- 97 



+ 71 


2 



-h 50 


-100 

1 


+ 50 

-6 

3 



+ 71 


- 97 



1+ 26 

o 

4 



-f 87 


- 87 


0 


5 



4 - 97 


- 71 


' - 26> 



6 



+100 


- 50 


- 50 



7 



+ 97 


- 2eJ 


- 71 


tx| 

8 



4 - 87 


0 

- 87 


g 

9 



+ 71 


r+ 26 

- 97 



10 



h 60 


1- 50 

-100 



11 



.+ 26 


+ 71 

- 97 



,12 


0 


+ 87 

- 87 



13^ 


26> 



+ 97 

- 71 



14 


- 50 


J 

+100 

- 50 



15 

1 

- 71 



4 97 

- 26y 



16 

(ij 

-- 87 



+ 87 

0 


17 

% 

- 97 



+ 71 


r+ 26 


18 


-100 

> 


+ .50 


+ 60 


19 


- 97 



1+ 26 


+ 71 


20 

no 

- 87 



• 0 


•+ 87 


21 

g 

71 



- 2Q'\ 



+ 97 


22 


- .50 



- 50 


■i 

+100 


23 

CQ 

- 26 J 



- 71 



+ 97 


24j 


0 1 


- 87 



+ 87 
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Musical readers will perhaps better grasp 
the idea of the way the three ‘‘ phases ” of the 
alternations overlap one another by an illustra- 
tion attempted in musical notation with three 
simultaneous lines of notes in throe-four time, 
as shown in 118. 

Numerically this is re})rcsento(l by taking 
the previous series of numbers, repeated 

three times, but each time shifted on by one- 

third of a whole period ” as shown in the 
table on the previous page. 

Three-phase Generators. To gtnerato 
the three currents 

in these phasal re- ^ Stn^le-phastAl^erAo^iJl^Ctirfrnt 
lations to one an- 
other is quite 8inq)le. 

An alternator such j 

as is described on Thretjihase CurrttUs ^ 

page 1285 must have t 

its armature wound 
with three indepm- diaoram of pulsations 

dent sets of coils, an A set, a B set, and a C set, and 
thc'y must b<j spaced out in tlie slots along the peri- 
phery of the armature at distanot's apart ef|ual 
SHCcu'ssively to one-third of the pit (^h from one 
north pole to the next north pole. Now, there are 
several ways of arranging the coils, according to 
the form given to the projecting end-bends, 
'rhese are sometimes arranged, as in 120, in three 
ranges ; sometimes, as in 121, in two ranges 
(one set projecting nearly straight out, whiki tlnr 
other set is bent up) ; sometimes, as in 122, 


up to form the B-circuit, and bo forth. Sometimes 
the coils of each group are distributed in more 
t han one slot per pole. Fig 123 illustrates a two- 
slot winding, in which there are therefore six 
slots per polo. Many large stationary armatures 
have a winding of this kind. 

Almost all the alternators used in large 
generating stations are three-phase, and now- 
adays they are nearly always driven either by 
watW-turbincs where there is Avaler-power 
available, or by steau) -turbines Avhere coal 
must be burned to raise steam. 

Figures 124, 125, 
and 126 illustrate a 
75(X) kilo - volt - am- 
pere general or, 25 
cycles, 3 phase, 6600 
volts, 750 revolutions 
per minute, supplied 
by the British Wost- 
OF AT.TERNATINCJ CURRENTS ij(j,|,ouse Company 

to the London County (buncil. Fig. 124 shows 
the complete machine. Fig. 125 the rotating fiekl 
magnet, and Fig. 126 the high tension stator, 
'rhis niacliino is typical of modern practice, which 
is over towards generators of largt^r outputs. 

The Three Lines. From the generator 
there will go three lines to the place where the 
electricity is to be used^ and every motor suitable 
for st'rvice on this system will have three tor- 
mi nals to be eonneeted to the three lines. 
Lamps also may used, and these (with duo 





whore the bends overlap like wickerwork. They 
must, of course, be properly insulated from one 
another, and from the iron parts. The coils of 
the A-phase will all be joined up together to make 
the A-circuit, those of the B-phase will be joined 
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regard to voltages concerned) may be connected 
across either from line to line, or from each line 
to a common junction J as in 127. No earth 
return or return line is needed; and if equal 
numbers of lamps are used in each phase, the 
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three currents will be of equal virtual value. 
The reason why no return lino is needed is because 
each line in turn acts as a return line to the 
others. This is seen by reference to the table, 
which is drawn up for the case where each of the 
three currents is of the maximum value of 100 
amperes, and where, therefore, the virtual value 
[see page 1287] of each of the three currents is 



124. 7i^00 K.V.A. TURBO GENERATOR 


70*7 (or say 71) amperes. Looking, for example, 
at lino 6 of tho table, we see that at the instant 
whoa 100 amperes arc going out along lino A, the 
value in B is - .50, and in C is also - 50 amperes, 
so that tho lines B and C are, at that moment, 
each bringing 50 am]ieres back to the generator. 


now each 1*732 times as groat as the current 
in each circuit. Thus, suppose a machiuo to 
be designed with so many turns in each armature 
circuit as to generate 1000 virtual volts, and of 
such a thickness of copper conductor as to 
carry 100 virtual amperes at full load, then, if 
the Y-grouping were adopted, the linos would 
receive 100 amperes each, with 1732 volts from 
line to lino ; while if A -grouping were adopted, . 
the lines would receive 17.3*2 amperes each, 
with 1(X)0 volts between tho lines. In both 
cases the output will bo 1000 x 100, that is, 
100,000 volt-amperes, or 100 kilo- volt-amperes 
for each phase, that is, 300 kilo- w atts fp. 1289J, 
if the currenls do not lag. 

Three»phase Conductors. Where tho 
lines are carried overhead for transmission of the 
current, it is usual to carry them on three 
insulators arranged as at the corners of an 
equilateral triangle. For underground con- 
ductors, cables are used, having three se})aratcly 
insulated cores, as shown in section in 130. 

Three-phase Transformers. To trans- 
form three-phase currents from a high voltage 
dow n to the low voltage needed for lamps or 
motors, wo may employ either three similar 
transformers — one in each phase — or cls(‘ a' 
special three-phase transformer having three 



126. MODERN TURBO-ROTOR ROTATING FIELD MAGNET 


A moment later, when tho A current has dropped 
to 97 amperes, 20 amperes will bo coining back 
by the B line, and 71 by tho C) lino ; while at the 
next moment (instant No. 8) the 87 amperes are 
going out along the A line, the w hole 87 coming 
back by the C fine, and so forth. 

Connecting up Three-phase Wind- 
ings. There are two principal w ays of con- 
necting up the three windings. In tho way 
called Y-grouping, or slar-yroupingy the three 
circuits start from a common junction J, as in 
128, and their three ends go to the three lines. 
In this case, the voltage between any two of the 


lines is equal to (that is, to 1*732) times the 
voltage generated in any one of the three circuits 
of the generator, and the current in each lino is 
. the-^Mune as the current in each circuit. In- the 
other way, called A -grouping (delta-grouping), 
or mesh-grauping, the three circuits are joined up 
with the beginning of one coil to the end of the 
next, as indicated diagrammatically in 129, and 
^he three lines are joined to the thre3 meeting- 

C its. In this case, the three voltages between 
lines .are the same as the voltages generated 
m the three circuits, but the line currents ^re 


sets of primary windings, and throe sets of 
secondary windings. Such tx three-phase 
transformer is shown in 131. 

The three winding.s of each side -nay be 
connected, as desired, in either Y or A grouping. 
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Three-phase Motors. The great reason for 
adopting the three-phase system is its suitability 
for driving three-phase motors ; for by suitably 
combining coils in an armature or stator the 
interaction of the thret* currents produces a 
rotating or progressive magnetic field, and a 
suitable rotor placed iti this field is set jmwerfully 
into revolution without the need of connecting 
it in any Avay into the circuit. We shall Vm 
helped to under-stand how this couh-s about if 
we regard 132 to 134, and compare them with 
the table of values 
given above. 

Revolving 
Magnetic Field. 

Suppose an arma- 
ture wound with 
three sets of eoils 
laid in slots, just 



shifting the resulting magnetic field a little to 
the right. After another instant, A will have 
died down to 4- 87, B will have become 0, and 
C will be — 87, and the magnetic field will have 
shifted a little further. This is shown in 133. 
At a latiw stage, A will have become 4- 50, 
B will be 4- 50, and C - 1(K), and the flux, 
which at first was under the middle of A, will 
now be a w'hole tooth to the right, as in 134. 
When A bos reversed to — 50, B will be 4- 100, 
and 0 w ill be — 50, and by that time the mag- 
netic field will have 
shifted HO that the 
slrongost part of it 
will be under the 
middle of the B coil. 

The Stator. 
Tn this w'ay, though 
th(' stator and it s 



as shown in 122, 
those coils being in 
three phases, A, B, 
and C. Now% sup- 
pose that at the 
moment under- 
consideration t h e 
current is at its 
in a X i m u rn — say, 
1(X) amireros — in 
the A coils. At 
t hat moment, as 


127. TIIUICE-PIIASK OKNERATOR, SUPPLYINO MOTt)R AND LAMPS 
A Line ^ 

h 

^ Z— C Lt/iA I C Li/tA 

128. TURK I-:- PH AS!-: 129. TJlREK-i»irASK 

y-(JROl PIXi; A’OROl'PlNd 


coils stand still, the 
etfect is produ(?ed 
of a revolving 
multipolar magnet. 
The magnetism re- 
volves, though the 
metal framework 
stands still. »Sueh 
a field is sometimes 
called a F error iti 
field, in honour of 
G a 1 i I e o Ferrari s. 


sc(*n from the tables, the currents in tlu*, B and who first shoANcd liow% in such a field, rotation is 


V (ioils will ea<-h b<' - 5(t 'fhe arrows [132] 
show^ the direction, 4 - being a laieulation to 
the I’ight, — to the l(‘ft. Then, the circulations 
of these currents will eous})ir-e to produce 
a magn(4ic iic^ld which w ill he strong(‘st right 
under the middle of the A coils. An instant later, 
the A-current will have died dow ir to -j- 07, w bile 
the B-current will hav(‘ become 2(), aiul the 
t!-curi*ent — 71. 'fliis will liavc the effect of 


]n-oduced. Fig. 135 dqncfs the. stator of an 
eig]it-j)olo thr'ce-pliaso motor. Any mass of 
metal ]>lace(l in a revolving magnetic field temls 
to revolve round after the ti(‘ld hy reason of the 
electric; <;urr-ents induced in it by the invisible 
magnetic lines as they SAveep r-ourid it. TTcmc 
if a rotor or revolving part be provided, con- 
sisting of an iron core having closed coils em- 
bedded in its pr-rijihci-j^ it Avill, if inserted in this' 



131. THREE- PHASE 
TRANSFORMER 
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revolving field, be driven by the currents 
induced in it. As the revolving part of such 
motors receives its currents by induction instead 
of conduction, and is entirely disconnected from 
the primary circuit, such motors are often called 
induction motors. 



135. STATOR OF 70O-H.P. ST.IP-RINO T>^DU('T10N 
MOTOR FOR WINDING GEAR 


The Rotor. For small motors, the suitable 
rotor to put into such a bold is such as that 
depicted in 187. On a simple shaft is mounted 
an iron cylinder, built up of discs of sheet iroU; 
in the periphery of which are embedded a 
numV)cr of copper rods or conductors,* all joined 
together at each end. Such a construction is 
described as a squirreUcxuje rotor. It needs no 
connection to the outside circuit, but receives 
its currents wholly by induction. In fact, the 
action is much lito that of a transformer, the 
stator coils acting as a primary winding, and the 


the slip increases, the driving forces beinir 
proportional to the slip. Motors with srpiirrei- 
cages, though so very simple, do not exert any 
great torque, or turning effort, at starting. 

Wound Rotors. For all cases, therefore, 
where a motor is required to exert a great 

, , V " • - : 



j ' I 

I ■ 

i 
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137. ROTOR OF JNDUCJTION MOTOR 

rip. ISRls fioni Rrliioh WeBtinplinnuo Co., uu'l Kip. KJ? Ib from Hnn'e, 
reeblcn A Co. 

starting effort, the rotor is of a different kind. 
The iron core is provided with slots in which 
is wound another three-phase winding, the ends 
of which are connected to three slip-rings 
mounted on the shaft, as in 136. On each 
slip-ring a brush makes a sliding contact, so 
that connection is made with three sets of 
resistance-circuits. The effect of thus intro- 
ducing resistaiwe into the rotor is to iucivasc 
the starting effort. But as the resistance wastes 
some ])OW'er by growing hot, arrangements ar.^ 
made to cut it out as soon as the motor has 



136. WOUND ROTOR OF INDUCTION 
lly courtMy o Mewra. WlJlinjr, Khomll A Co. 

bars of the squirrel-cage acting like the secondary 
coils. The squirrel-cage runs round, always 
flaying to overtake the revolving magnetism, 
but never succeeding. In fact, it runs some 
three or four per cent, slower. This difference of 
speed, expressed in percentage, is called the 
slip. At nodoad, the slip is less than one ];)er 
cent. As the lo^ oa the motor is increased, 


MOTOR 138. STAMPING FOR 

INDUCTION MOTOR 

started, and in running bn load the rotor circuits 
are simply closed on themselves. 

The bodies- of three-phase motors are con- 
structed of stampings [138] of thin sheet iron 
or -mild steel about one-sixtieth of an inch 
thick. The slots for the windings are stamped 
out at their peripheries. 

SILVANUS P. THOMPSON 
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Scale Playing— continued. Chromatic Scales. Rhythm. Accents. 
The Pedals. The Importance of Practising the Old Masters^ 


PHRASING 


Scales in Double Thirds. Scales' in 
double thirds can be finpjered on this same 
principle of two groiips to (Ju? octave, thus : 

1 2 1 1 J :i 

although many finger them in three groups, thus : 

1 j ;j 1 i u 

For such three-grouj) system the student may be 
referred to Ltiopold Walds tein’s “ Scales in 
Double Thirds and Sixths.” We had better, 
perhaps, omit the study of double sixtlis ; they 
are dangerous for th(‘ hand, unless practised v<‘rv 
carefully, and are not very profitable. "I'he two- 
group system of double tliirds as taught ami 
formulated by Mr. Matthay is given below. Note 
that the groups of four begin with twice thumb 
t>r “ double- thumb ” position, as we shall call it. 

1. All white k(\vs, excepting F and B, like O, 
eounting from k(‘y-n()te : 




ti 4 
I li 


Hands coincide as to lingering position. 

The exception, F, is like 0, but begins with 
“ double-thumb ” position, instead of the “ five- 
finger ” position. 

2. J3 has ”all-l)la(;k ” keys position -rir., ind(‘x 
linger of both hands in the “ douhle-tlnimh ” 
position falls on the middle black key of the 

three, thus : | ( |, whilst the combination 

which occurs twice, iu the octavo, always falls on 
the two black keys with the big gaps between 
tlieni, thus : | | | 

Note that the R.lf. (J and L.H. (yj eoineidc 
in the two hands twice in <*ae)i octave. This 
lingering apfilies to the other “all-black ” keys — 
riz.,* FJ and 0:J, and also to the minors of B 
and BIT; but ni the ease of these minors the 
index linger falh »n the white key inside the 
three blacks. 

.‘b In KT and Bl> major the “double- 
thumb” position in both cases begins on the 
second note of the ^ , 

scale with its acconi- | | — _ 

panying upper third. 

Hands coincide as in ^ r 
C. These are all the ' 

maji|rs, with the exception of AIt, which we 
shall take with its tonic minor. 

4. All minors, with the exception of GH minor, 
Cjf, minor, and Fjf minor, are fingered like their 
tonic majors. The left hand of F minor is also 
an exception,' and is best fingered like C: 


sail 
5 4 iS 4 S 2 

The rule for the set of three minors is double- 


thumb on the notes of the augmented second in 
both hands — the repeated thumb occurs in 
both hands on the sixth and seventh of the scale. 
AI? major takes the same fingtuing as its enhar- 
monic minor — r/z., Gj. The (f; (J coincidi^s 
only once in the octave now with the two 
hands. 

Chromatic Scales. Chromatii^ scales in 
single notes are fingered normally, thus (beginning 
on Ci) : 


Chopin used also oth(‘r methods, thus (again 
beginning on ( ■ J) : 

r. -T^ * ;rT^.'5 

and Busoni, the j>resent-day Italian pianist, thus: 

•i i ;i 1 r, ‘/"Ti ;{ i r> 

Chromatic seale in double thirds, thus: 



Playing them thus by contiary motion on the 
keyboard, the action of the hands is exactly the 
same, the tingcring of both coincides. The 
inside part of lioth hands has thumb on all the 
whitt* keys and forefinger on all the black. 

In all double-note? scales the legato can only 
be produced at the Hnger-group junctions by 
one of the pair of notes ; avc must realise this, 
and rest gently on that particular one, gliding 
easily to the position of the next pair. 

Chords and Arpeggi. The fingering of 
chords and arpeggi next claims our attention. 
The normal fing(?nng for the' three positions of 
the common chord in arpeggi is firet position 
(root position), ; second position (first 

inversion), T . ; third position (second inver- 
sion), — these when the first key of the 

group is an ivory. The exception comes when in 
the second and third i)ositions the distances on 
the keyboard between fourth and fifth fingers is 
greater than usual, as, for instance, when the 
interval of the third then lies botAveen and D 
or EIt and G, the middle finger may be used 
instead of the weaker (fourth) on the black key. 
But if the hands be large, and the stretch 
between the fingers ample, it is better to make 
it a rule to use the weak finger here. It makes 
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for uniformity, and prevents the over use of 
the strong finger and under use of the weak. 

'“ When in an arpeggio the position of the 
chord offers us a b^k key for the starting 
point, it is better to postpone the use of the 
thumb till the ffrst white key is reached in 
going away from the centre of the keyboard. 
When we play the arpeggi of major and El?^ 
minor, we are obliged to use the thumb pn the 
black keys, as these chords consist of black keys 
only, the black keys here being treated as if 
they were all white ones. The normal fingering 
of chords of the seventh is: 5 4 3 2 1. 

Here, again, when these are taken in arpeggio 
.and begin with a black note, postpone the use 
of thumb in travelling away from the centre 
till the first white key after a black key is 
required. • It will ' be found easier always to 
make the pass under take place between a 
black key and a white. Tn fingering chords 
which include two adjacent 
keys, both white or both black, 
the thumb should bo used on 
the two adjacent keys, thus : i i 

Remember, when uncertain as to the fingering 
of a passage, first to try to find the finger- 
grouping. We may also try it in the other 
direction — i.e., if an ascending passage, finger 
it from the top downwards, and vice versa, so 
that wo may discover what is the best finger- 
grouping. 

Fingering Sequences. When rapid 
passages consist of repetitions of the same 
figure, it is best to finger these all like the first 
group of the sequence, regardless of the uneven- 
ness of the keyboard caused by black and white 
keys ; but this is not obligatory. Fingering 
chosen must be such as helps to make the 
phrasing clear, and it depends also on how the 
passage is to bo played — whether by finger- 
movement, hand-movement, or arm- movement, 
staccato or legato, and so on. 

Chopin is fond of playing soft chromatic 
marcato successions of notes from the arm, 
and for this purpose has a curious but effective 
fingering — all white notes with the fifth, all 
the block notes with the fourth finger. See, 
for instance, the ornamental passages in the 
well-known Nocturne. In playing passages 
thus, turn the hand laterally somewhat, wrist 
inwards, so that the two fingers (fourth and 
fifUi) could bo dragged along over the keys — 
fourth on the blacks and fifth on the whites. 
Again, Chopin joins his arpeggi passages 
occasionally by a smooth lateral movement 
of the forearm, instead of passing over or 
under the thumb. All these fingerings seem 
quite natural when the muscvlar covditiona are 
correct. 

.. Fingering in its details is a variable quantity — 
what, suits one hand and mind mav not suit 
another ; but the main rules as to looking for 
grouping always apply. It is well to try the 
fingering suggested by, say, a Von Bulow in 
the later Beedioven sonatas, or a Klindworth in 
Chopin’s works, before resorting to one of our 
own ; and also to compare fingerings, and 
Sdiset^ il we can find editions. 



Fingered Editions. In choosing fingered 
editions for study, we should never choosi^ 
those (like Charles Halle’s) that finger everg 
note. Nothing is more confusing. The num- 
bers placed above or below the notes should 
be applied only as guides to the groups 
of fingering or indications of something un- 
expected. One should regard them as danger- 
signals or finger-posts. Thus, one will welcome 
them as friends and not disregard them as 
bores. As teaching and self-teaching editions, 
I would recommend the German “ Cotta ” 
editions of the classics — e.c,, Clementi, Haydn, 
Mozart, Beethoven, etc. ; Peters’ Kroll edition 
of Bach ; the Bote and Bock edition of Chopin ; 
and Madame Schumann’s edition of Schumann’s 
works. Matthay’s “Popular Teaching Pieces,” a 
selection mostly from the earlier composers, as 
Scarlatti, Paradics, Bach, etc., supply material 
of the very best for serious students. Hero I 
would urge that all teaching of fingering should 
now be based on the 1 2 3 4 5 notation and 
not on the x 1 2 3 4, for the very good reason 
that the cheapest and best and all foreign 
editions adopt the first mode. Pianoforte 
music when first published appears, as a rule, 
un fingered, but fingered editions soon appear if 
the works are popular ; and Germcr has done a 
good deal of the finger editing of such modern 
composers as Grieg and Tschaikowsky. Siloti, 
the Russian pianist, has done the same for many 
of the composers of the Russian school whose 
music it has been his mission to popularise. 

We may have learnt to get out of the instru- 
ment all it can give ; our tone-production and 
agility may leave nothing to be desired ; yet, 
unless we learn to phrase well, wo shall bo 
incapable of giving musical pleasure to anyone. 

Phrasing. By phrasing we moan the con- 
ception and execution of notes as intelligent and 
intelligible utterances. Music is at all times an 
intelligent and, as a rule, also an emotional 
utterance, and unless we understand what wo 
have to play, alike intellectually and emotion- 
ally, our technique will be a useless accomplish- 
ment. For the intellectual giasp of the larger 
forms, much study and much hearing of music is 
necessary. For emotional sensitiveness our own 
temperament must be answerable. To bo a good 
reproducer one must be first a sensitive plate 
oneself — ^the music must have affected us strongly 
before wo can affect others by our rendering of it. 

Although using the keys with intention and 
intelligence, we can give expression only to what 
we ourselves have felt and soon. The reproduc- 
tion of a work of art is such a delicate operation 
that all our attention is called for, every time wo. 
attempt it, for every note w© play. 

Artists say it is practically impossible to 
reproduce a “ Venus .de Milo ” in marble, and 
yet this is the sort of thing we pianists attempt 
every time we try to play a Sonata Appassionata, 
for example. We may learn much of the^wier- 
ating causes of musical expression by reading 
such books, which are cheap and accessible, 
as Bertenshaw’s ** Musical Form,” Riemann’s 
“ Musical iEsthetica,” Lussy’s ” Musical Ex- 
pression,” and Carp4’s ** Rhythm and Phrasing.” 
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Riemann, for instance, shows how music, in the 
very nature of things, expresses our feelings — 
that the pulse in music, for instance, is analogous 
to our own pulse — the crescendo and accelloiando 
the natural exprosf ion of the human body under 
the influence of mental excitement, the deeros- 
cendo and diminuendo as naturally that of re- 
curring languor. Resides this, music can ho 
“ realistic ” and irnilat(^ things outside of us — 
things that we see or liear. 

The Importance of Rhythm. Much of 
this tono-painting is achh^ved by rhythm. We 
must see to it in our performance that this 
rhythm shall ho aliven shall always be fievshly 
willed, shall never sink into more automat 
Wo should at all times strongly picture to our- 
selves the intended i hylhnis, (ivon in mciro scraps 
of technical ex(;reises, seeing to it that oven 
such a simple setheme as this shall have an 
intelligible musical Hba]>e : 



Out of such P fragment Beethoven made bis 
( ^ Minor Symphony. liCt us even feel that finger 
extucisos are possible fractions of some great 
whole. 

Where Kiemann theorises, Lossy lends imme- 
diate practical aid, and is full of examples. lie 
treats of the various kinds of accents —the 
metrical, grammatical or bar accents ; the 
rhythmical or phrase accents ; and the rhetorical 
or pathetic accents. 

In his “ Introduction to the Elements of 
Music, Niocks (best known as Chopin’s bio- 
grapher) says : “ The phrasii accent sornetimt's 
modifies and even altogetlu^r sols asidt^ and 
reverses tlic bar accent.” For the phrase groups 
bars together, and wo cannot very well (jronp or 
unite lliem if we constantly disconnect them by 
an equal emphasis on the strong beat of each. 
To make musical shapes definite tind musical 
utterances articulate, we may use eitluT a com- 
plete diseonneetion of tones, a momentary 
silence (often too short to he evtm indicated h’y 
a lest), or a partial disconnection got by accen- 
tuation. 

We must keep always before us a vivid inonlal 
picture of the phrasing, and listen to our own per- 
formance, that in it we may realise this picture. 
But the thing lo bo kept chiefly in mind is that 
jwery musical phrase somewhere, that a 
group of notes means nothing musically until it 
is, by accentuation, made to point to a climax, 
a phrase-object, found, as a rule, towards the 
end of each. “ Wo must learn to perceive,” as 
Matthay says in his ” First Principles,” ” what 
the music does, where it is that each idea, 
]:^irase, sentence, and section has its natural 
climax or ciisis.” As, for instance, the 
opening bars of Chopin’s E 9 Nocturne : 


^ 



Simple melodic waltzes, with an easy, throb- 
bing accompaniment, make excellent early 
studies for t he piirjmse of acquiring such rhyth- 
mical or phrase sight, and also for the study of 
tone-quality and tone-quantity as contrasted 
in melody and accompaniment. Study such 
waltzes before attempting the art waltzes — the 
Chopin waltz, for instance — which get many of 
their effects by deviations from the normal by 
(he unexpected. Wo must learn rigidly to obey 
the law b(fforo wo can take an artist’s licence 
with regard to it. 

Accents. In playing strongly accented 
notes, let our artistic and our technical judgment 
both ho on the watch, the one seeing to it that • 
the acicent is neither stronger nor weaker than 
is justly duo, the otlu^r that we guard against 
(1) using down-arm force, (2) jjressing on the 
keyboard after we hear the sound begin. 

Accents and all marcato effo<;t8 are pitfalls 
in this respect. Wo must resist the natural 
tendency here to US(; down-arm force, the finger 
find hand must act npwanls against the loosely 
laps<‘d arm. I'lio tin(‘.xj)(5c?t(‘d should, as a rale, 
bo well marked ; syncopated notes, therefore 
(deviations from the natural metrical accent), 
and chromatic notes (deviations from the diatonic 
scfilo), unless the latter bo mere unaccented pass- 
ing notes, call for an accent. Discords are intended 
to arrest the attention— some musically non- 
sensitivo people play the most poignant distjords 
fis though they were as innocuous as the tonic 
triad. Mentally follow the resolutions of dis- 
cords in harmonic progressions, and learn, in 
l>h\ying chords, to bring out now one note and 
now another to this end. To clTeet this, allow 
(he finger that is to bring out a' particular noto 
of the chord to lake more weight than the others. 

In chonji playing from the wrist, the fingers 
must take up the position relatively to the hand 
h»‘fore it doscends. To this end wo must learn 
lo mentedise. all the lingers that are to bo used 
in t ho porft>rmanco of a chord before wo fulfil the 
act of playing it. 

Full chord playing is an important department 
of modern pianofort(^ work, and must bo specially 
stiidicKl. Wo must learn to play full cdiords with 
loose-arm weight behind the fingen — o con- 
sideration whi(;h we have already studied — and, 
when required legato, connect thorn as closely as 
}m4sihle by beginning the lateral arm-movement 
while the hand and fingers are still, as it wore, 
lazily lying on their keys, the pedal being used 
to make the actual tone continuation — this 
for the interpretation of such passages as the 
hymn-like chorale middle section of Chopin’s 
Nocturne in G Minor. Hero we have an invaluable 
study in.choid phrasing. Connect the chords in 
groups of eights by the rhythmical balance of 
the accents and also by the tone. 
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The Ume 6t the Pedals. This brings 
os to the use of the pedals. To a passage 
of this sort we may apply what is called the 
“ syncopated ” pedal. The general rule as to 
pedalling with the damper pedal (the right foot 
pedal) is that we may depress it, apd keep it 
depressed, as long as the harmony of a passage 
doeA not change. Wlien the harmony changes 
we must lift the foot and release the pt^dal, 
instantly ro-depressing it if we wish a continuous 
pedal effect. For detached chords the }>edal 
may be depressed at the same moment as the 
keys, but in the course of a legato passage the 
finger and foot must not go down simultaneously. 
On the contrary, the pedal must rise just as 
the next keys are being depressed, immediately 
going down again, however, to continue the 
new sounds. This “ syncopated pedalling 
join^i the sounds without allowing them to over- 
lap. If foot and finger rose together there would 
1x3 a short silence bet ween the soimds. 

This syncopated pedalling may bo applied 
to every note of a melody or every chord of a 
harmonic progression, such as the above-men- 
tioned Chopin chorale. Such constant pedalling 
in great portions of modern innsic i.s absolutely 
essential, but we must not lose sight of the 
great importance of omitting the pedal at other 
times. Many players of to-day over-pedal, 
thus losing the advantage to be gained by the 
contrast between |X3dalHng and its total cessa- 
tion. Chopin without the damper pedal would 
bo like a Whis'tler picture reproduced in the 
style of Sir Noel Paton. Schumann was a still 
greater devotee at the shrine of the damjxsr 
|x?dal ; he did not care about harmonic ex- 
clusiveness, ho liked to put down the pedal and 
to keep the course of harmonic changes in 
unbroken ^ legato — too much so very often, in 
fact, and *the y3edalling marks in many of his 
works requiue much revision. Chopin was much 
more refined in his use of the pedal, probably 
because he was a better pianist. Mendelssohn 
was ultra-refined, and we must bear this in 
mind in playing his musur ; lot his outlines be 
definite, his colours pure, his rhythms free from 
emotional exuberance ; try particularly to be 
“ good,” as ho himself puts it, and refrain 
even fro*.' a seif-indulgent rallentando at the 
end of a composition. 

Use of the “ Una Corda " Pedal. 

The ” una corda ” pedal should be used sparingly. 
Modern composers, as a rule, indicate the use 
of it, as, for instance, Grieg in his well-known 
Lyric pieces. Very frequently it is used in 
combination with the damper pedal ; the 
two are quite independent. Use both pedals 
very sparingly, if at all, in performing the 
music of Scarlatti, Couperin, or Bach. The 
first two composed for the harpsichord, and 
even Bach’s clavichord, although it did possess 
some sensitiveness of touch, was not much like 
a modern piano. 

Part Playing. Much modem pianoforte 
music consists of a melody with accompani- 
ment. Wo must listen to the end of each melody 
note as much as to its beginning, in order 
that we may join it perfectly to the following 
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melody note, and that we may choose the right 
tone tor this succeeding note. To bring out 
the melody also, we must bo careful to subdue 
very much the accompaniment^ and not let our 
attention to the phrasing of the melody bo 
distracterl by the accompaniment. If tht* 
melody be at the thumb side of the hand, 
as in Schumann’s beautiful Romance in FJf, 
and in many popular waltzes, remember the 
use of the rotary relaxation there ; if at the 
little finger side, as more frequently happens, 
we must see to it that the forearm rotary 
relaxation helps the weak fingers at that side. 
Have a melodic ideal ever present — imagitu' 
such melodies given out by the ’cello, the violin, 
or the voice, and imitate these. When a note is 
sustained while other notes play round it. 
listen to the sustained note to the end. 

It is not enough merely to keep the key 
down ; we must connect the sustained tone 
intelligently with that which follows it in its 
own part. Practise Bach for such part playing, 
the playing of several melodies one above the 
other — his melodics are more difficult to perceive 
and more difficult to connect subtly than even 
Chopin’s — and listen to all the interwoven parts. 

Crescendo and Diminuendo. A ^ler- 
foct crescendo or diminuendo, especially if long 
sustained, is seldom heard, and yet they are 
among the most entrancing and convincing of 
musical effects. 

The crescendo in performance was not 
introduced till late in the eighteenth (*entury, 
in the orchestra at Mannheim ; and when the 
audience first heard this new effect, it is said 
they rose from their seats like one man. Realise 
the emotional possibilities of nuances (shading). 
The secret of getting a good crescendo is, as 
Von Billow, the cleverest and wittiest of nine- 
teenth century pianists, puts it, “ when you 
see the expression mark ‘ ores.’ play softly, 
when you see the mark ‘ dim.’ play loudly." 
This gives us something to work away from, and 
prevents our making the common mistake of 
at once playing louder at the beginning of a 
crcsscendo, or softer at the 

beginning of a diminuendo, ^ . 

The same thing holds of accelerations and 
retardations of time. Accelerando must be 
gradual and continued, as must ritardando. 
It is different in thc5 case of riteiiuto, which is a 
sudden slackening of the tempo. It requires 
all our attention to keep an accellcrando really 
accelerating to its climax, and a ritardando 
retvlly slackening note by note till all animation 
dies out ; “ and we must remember,” says 

Mr. Matthay, ” that all such effects, both of 
tune and time, must increase with an increasing 
ratio to be effective.” Reference must be made 
here to time accents, a most effective means of 
expression. Composers use them in the form 
of syncopations, as Chopin docs in his waltzes : 



Time Accents. In performances we can 
make a melody note aetm accented by making 
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it (?ithcr sliglilly longer than is due or lotting it 
begin just a very little too late. We may also 
delay a little the entry of the aocompanimont 
after a melody note which we wish to make 
specially prominent, and then, by hurrying the 
time a very little, make up for this irregularity- 
This is the principle of the tomf)o riibato, 
which even Mozart c'mployed in a nieasuro, as 
wo learn from his letters, and which must be 
applied to all modern music! since the timc‘ of 
Cboj)in and Liszt. These two pianist conipciscrs 
were! the gn*at protagonists of the tempo rubato, 
or robbed time. 

Although seemingly wbimsienl and waywjud, 
it is rcjilly rooted in a strong sense oi rhythmieal 
balance, and Liszt compared it to a tree* firmly 
rooted in the soil, whose' branches were yc't 
played upcm by the wind. t)nly those who are 
anchored to a perfc'ct h-eling for ihythmical 
balance and symmetry can sah-ly trust them- 
selves to the waves of tempo rubato. It takes 
(effect in prolonging some note.s, hurrying others, 
dragging one part of a phrase, aeeellerating 
another, either dragging or aeeelU^rating a s( ric'S 
of phrases and making up for it with the re- 
mainder of tlie period ; but, whatev’cr form it 
fakes, it should always he so perfeetly bain need 
that the period ends when' the strict metronome 
heat ivoitlfl hare had it end had the time never 
been bent from the straright line. Without the 
tc'mpo rubato, the music of Chopin would be 
vulgarised, and mueh of Schumann rendered 
unintelligible ; but we tnust bew'are of ap])lying 
it to any extent to the earlier composers, as 
Haydn or Schubert — it would destroy the 
meaning and symmetry of their music. 

Ornamental Notes. It is a mistake to 
hurry the rendering of ornaments— in ( antabile 
music w'(! sliould see that we simj them. Lei 
tlu'iii b(! (jraev. notes in very truth, and let them 
always heighten the ])artieular beauty, and 
intensify the special character, of the music 
tliey adorn. 

Quick, light ornaments should be playeil with 
as little w'f'ight as possible, renu'mbering that 
such are in truth agility passages of short 
duration, and that the touch laws for agility 
must therefore be obeyed in them. Do not 
(as so many are ajit to do) lift away the weight 
of the hand in preparing for this. Most 
delicate finger-work, other than pianoforte 
playing, requires, possibly, that the hand should 
support itself by its own muscles, and so, 
insiiuctivc'ly but wrongly, the inexperienced 
player prt'pares for a delicate* passage by lifting 
away the weight of the hand. Such a proceed- 
ing is fatal to eavso, certainty, and beauty of 
tone. As already pointed out, w'c must let tho 
hand lie on tho tingers, and see that it makes no 
exertion of any kind in such light passages. 
“ .Prepare ” siurh a passage w ith as many fingers 
as possible, feel the resistance of keys, let "the 
loose, light w'eight of tho hand lean against the 
keyboard, then imagine the whole group as 
one concept — not conceiving each note singly — 
thinking only (if it be a long passage or cadenza) 
of the notes that form the landmarks of tlio 
passages and tho fingers that fulfil these 
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“ landmark note.s, and leave all the rest to 
su bconscious automatieity. 

St*e that we breathe deeply, fully, freely 
lK>for(5 starting on one of these long embroi- 
deries, such as occur, for instance, in Chopin’s 
Hercouse, and keep the whole body passively 
quiet meantime, as the least thing will disturb 
us in the exec!ution of such fairy-like webs of 
souml. Uoldhig the breath through difficulties 
and subtleties of this kind is a bad habit to fall 
into. See to it that wi! use either wdiat Mr. 
Matthay calls “ passing-on toui!h,” or first 
species, or p(*rhaps second species for tlie louder 
jiortions, and make sure of tho preliminary 
and continuous resting. Let no excitement and 
nervous tension communicate itself to the up- 
muscles of the Itiind, and so cause it to bc(!ome 
active to the extent of lifting away its owm 
weight. Then, w'ith a eh'ar mental piclun' of 
what we want to produce, “ the rest shall 
ho added unto us.” To ornaments, as to 
melodit's, the tempo rubato may bo applied ; 
shake's may b(! begun slowly, accelerated towards 
the middle, and slackened off again towards 
ibe end. 

Beethoven’s Influence on T echnique. 

When sufficient ly advanced, wo should make 
not only Bach but Bee^tJinrvcn our daily bread. 
Ho w ill forc!e us to give attc'iition to tho music, 
and to develop a variijd tonc-pah'tti^ for its 
expression. We cannot lazily dream through 
a Beethoven sonata after having once mastered 
the art of touch -variety. He expects so mueh 
from us, and his exprcission is often so un- 
exjM'cled, that there is no moment during his 
music when wo may eense to bo acutely alert, 
alike musically and instrumental ly. Judging 
the <lne amount and qiiality and time-place of 
every note from start to tinisb, and watching 
key-resistance to see that we realise^ it, w^o must 
get a fine loosely-left arm and well-braced finger 
and hand for his frequent sforzando staccato 
chords, and give them with a convincing, well- 
nourished tone, or sharp finger-aelion instead, 
as tho case may require. We must learn to 
()V)ey his eliaractoristie cre.scendo followed l>y a 
suddiui piano, and learn to change our technique 
as .suddenly a.s he changes his mood, from the 
passionately virile to the passionately tender. 

From the moment of reatling out a Beethoven 
sonata we should try to “ paint ” it — that is, 
try to play it with tho constantly changing 
toueh-varieties required. We must not say, 
“ I shall get (he notes first and then see what 
they mean,” but look for tlie meaning through 
the notes by obeying them in every particular 
from the first. We should not begin the .serious 
study of Beethoven till we can proceed thus. 
Of course tho bravura work — tho difficult 
passages and presto movements— will require to 
be worked at out of focus, but tyy even when 
working at these to conceive their place in tho 
finished scheme. Hemember that we never can 
express all there is in such music unless we obey 
the laws of tone-production, but remember also 
that artistic reproduction is the art which con- 
ceals Art, which is tho goal of all technical study, 

M. KENNEDY-PRASER 
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The Construction and Equipment of Cotton Mills. 

Cleaning, Carding, and Other Processes in Spinning. 

COTTON SPINNING 

T he standard type of cotton-spinning mill in hopper bale-breaker, has a gentler action, and 

this country is an edifice of four storeys, helps to clean the cotton as well as to open up 

brick- built, with a generous window-space [IJ- matted mass. The hopper is a sort of box, 

order to minimise the vibration of machines, the of which the floor is a travelling lattice apron 

coiwtruction is solid. Cotton being inflammable moving horizontally. The cotton is borne 

and spun in heated atmospheres, the mills are forward on this lattice, and pressed against an 
made fireproof, and their ceilings are fitted with ascending lattice furnished with strong teeth, 
water-sprinklers. These comb out the fibre, and carry it upward, 

Equipment of Cotton Mills. The incline the cotton is met by 

upper floors are supportiid by pillars, and revolving in the contrary 

constructed of steel and concrete, or arched direction. These; spikes further comb out the 

brick and iron, covered by boards. The modem cotton, and throw any imoxTened pieces back into 

style of building is somewhat ornamental hopper. After passing the spiked roller the 

externally. The rooms are light, lofty, and of the oponed cotton is stripped from the inclined 
full size of the floor. They are approached by stair- lattice by a beater, and falls upon a grid. From 

ways set in a built-out tower, and fitted with cotton is conveyed cither to mixing- 

emergency exits in case of fire. The premises bins, in which different cottons are mixed 
are under tlu' close su])('rvision of the factory together, or to a hopper feeder. 
insiiectors, who supervisi^ the ventilation, cleaiili- Cleaning Processes. In the feeder the 
ness, hours of labour, and the fencing of machines. cotton is similarly carried first onward and then 
The spinning-mills are driven almost niii- u]>ward by lattices and the comb-like teeth, 

vorsally by steam, and the jJower is fransmittiHl There is a small auxiliary lattice to equalise the 

to the several floors by ropes from the (‘iigine to layer of cotton delivered' f rom the machine, and 
the main shafts. The iilant is dc'signed to spin in transit the material is beaten and loses some 

cotton of a certain length of staple to a particular more of its impurities. After pas.sing through 

rangt; of eount.s, and the quantity of machinery the hopper feediT tlu^ (^otton receives a further 
in each department is exactly proportionate to cleansing in the lattice J eerier, in which it is con- 
that in evoiy other. Consequently there is very veyed to rollers which pull the fibre and present 

little idle machinery. The load upon tlu' engine it to a sw'iftly rotating cylinder. • 

is a constant one from starting- time to stoxqiing- The quantity of cotton passing at one time is 
time, and this fact in part explains the ])reference regulated at w"ill, and it leaves the rollers, to be 
for steam over electricity for the driving of beaten seven‘ly against a grid, through which 
spinning- mi Us. ( Wl is relatively cheax» in the much of the sand, leaf, seed, and other im 

districts in which cotton is spun, and tluTe is purity falls to the ground. By the action of 

little waste of the power generated at the boilers. large fans the cotton is then sucked along a 
(ireat importance is attached to sti'adiness in tube, or dw*/ pns.sing over a ribbed lattice, 
driving, economy of fuel, and freedom from which travels in the contrary direction to itself 
breakdown; and the building of high-speed mill- on the way, and thus a further iiropurtion of 
('ngines is a sxiecial department of textile en- refuse is lost. 

giiieering. Ordinarily thc^ engine is housed in The> amount of cleaning required varies with 
an annexe to the main building, situated near the original state of the cotton; and where dirty 

one of thi corners of the mill. The engine and grades, like Kast Indian, are used, it is necessary 

the heavy machines used in preiJcaring cotton for to interpose extra machines, sue.h as the Crighton 
the spinning- mules occupy the ground floor, and opener. In the Crigliton machine the essential 
the lighter nuiehines are placed on the upjier parts are a powerful fan, a cage, and an upright 
floors of the building. shaft fitted with horizontal beaters. The action 

Preliminary Treatment of Cotton, of the fan induces a partial vacuum in the cage. 
Raw cotton received from the docks is taken into which the cotton is drawn at the foot, 
into the bale-room, either on the ground or the Under continued suction the cotton rises in the 
first floor. It arrives from America in bales cage, and is beaten successively by each row of 
pressed to a density of 24 to 30 lb. per cubic blades until it escapes at the top, to pass on to a 
foot, and before anything else can bo done it revolving cage, and thence to a lattice, 

has to be opened out into a loose condition. The succeeding machine is the exhaust opener. 
This is the work of the bale-breaker machine, the and it is fed from the delivery lattice of either 
first of the series of machines ir^ the blowing- of the machines last described. The cotton is 
room. The cotton was formerly loosened by caught up from the lattice by an air-current, 
the use of spiked rollers, wdiieh served the and again beaten by the arms of a cylinder 
purpose, but tended to snap some of the fibres. against the bars of a grid. It passes over wire- 
The machine principally employed, called the gauze cylinders from which the air is Ixjing 

IWrarLEAfHl^eL^^ PAPER, FOOD SUPPLY, APPLIED BOTANY 
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oontituially exhaust ec] by the action of fans, more delicate and exacting than the formation of 
and this suction draws out the remaining tine a lap, and a mill may need 200 carding engines 
dust. After going through rollers, another heat- to cope with the laps made by five scutchers [3J. 
ing and anotlier snction-(;Ieaning stage are under- The prineijial clement of thecarding-engine L5] 
gone. At the deliv(*ry end of the machine the is the main card ing -cylinder, of some 50 in. in 
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eotton passes through j)ressure rolh'rs, and is diami‘t(‘r, cloth('d with wire teel h [2]. '^Fhe teeth are 
limilly wound off in a lap, or tle(‘ee. insert <'d in a. fabric or jiUfi of cloth or rubber, 

'rhe production of this lap is tin* goal of the and are made of finely tempered wire. 'Fhe 

blowing d('i)artuu‘nt, and, whc‘ii ina.de, four laps teeth are bent at a uniform angle, and are sharp- 

from thi‘ exhaust opener arc^ unrolled together ened by grinding to ]>oitits of specified shape, 
and pass(‘d into tin* In this maehine Wires of different gauges are use d, and fillets an? 

fh(? four are amalgamated into one, ami after a made for different ])urposes, with numbers of 

final lu'ating and suction th(‘ laji is. ready for points j)er s((uare inch varying from 300 to ()50. 

th(' cnrdhuj dc'part merit. TJk? olijcctivo is the . The fillet is seeun*d spirally upon the cylinder 

production of a perfectly even lap, having the so as to eovtu* its eireumh'nuiee uniformly and 

same w(‘ight per yard throughout its length. comphdcly. Over the niain cylinder is a lattieo 

In working the maehin<‘s there are many points of cast -iron ribs, alsofurnished with card clothing, 

to observe. Th(' speeds of the heating rolhu's and forming an (‘ndl(‘ss revolving apron. 'Phe 

have to he adjusted to suit the particular ehvss of ends of these fats are supported upon flexible, 

cotton. The grid bars require' eandul setting, and semi-circular rings resting upon fixed bends, 

the regulators for controlling the maehine n'quire which form part of the frarm'work of the maehine. 

to he kept in good order. Although the series of The cylinder revolves quickly and the tiats nnich 

o])erations looks a long one, the. _ more slowly. The, distance bo- 

jU’ovision of lattices from maehine tween the teeth of the cylinder 

to machine ilispenses with hand- / and the flats is eapahk? of 

ling th(‘ eotton and the whole / / j adjustments which are reckoned 

operations require little labour, i/ (/ in thousandths of an inch, and 

and occupy littk’ room. between them these two sets of 

The Carding Engine. wires perform the critical carding 

TIu? purpose of the blowing-room .gyzzt operation. 

is the production of a lap, and . Carding Operations. The 

that of the card -room is the lap from the sentcher is lifted on 

production of a sliver. Wliile \\\\\\\\\\\\\\\\\\\\\\\TO^ bracket in front of tho 

ev('ry operation depends on,' and machine, where it is unrolled, 

is coutvolled by, tho operations Tho end of the* lap is grippi'd by 

that have gone before, that of a tinted feed-roller, and is dc- 

earding eotton is especially 2. card tketii livered to a takcr-in roller, 

critical, and it is impossible to The cotton pas.ses over knives 

produce good yarn unless the carding is well and grids designed to clear away foreign matter, 

done. D(‘s[)ite the series of cleaning proce.sses, and is swept on to the teeth of tho main cylinder, 

the cotton is not absolutely free from foreign The flats move in tho same direction as the 

matter on entiaing the eavdiiig-engine, so one cylinder, and forty of them are always in con- 

part of t ht‘ work of this nuu him? is to remove tael. As their speed is slower than that of the 
the remaining bits of seed and leaf. cylinder, tho fibre is combed out .straight by 

ft has also to remove neps, which are twisted their dragging action, and is carri(*d forward 

curls or lumps of fibre, and to take out that to the (^oJfjTcr, a smaller cylinder, also wire-covered, 

proportion of fibre which is much shorter than and rotating at a lower rate of speed. The 

the average. In the lap deliviTcd from the doffer completes the straightening of the 

scutcher the fibres run at all angles, and the fibre, and strips it away from the carding- 

carding-engine lias to tease out these fibre.s into cylinder. The doffer is in turn stripped by an 

approximately parallel order. The work is much oscillating comb, and a fleece of the full width 
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of the machine is brought away. The fleece, 
which is an exceedingly fine film, is forthwith 
condensed by guides until finally, in the form of 
a ribbon, or sliver, half an inch in diameter, it 
passes down a trumpet-shaped orifice, and is 
coiled in a cylindrical can. 

The teeth of the flats are continuously cleared 
by a comb as they leave the main cylinder, and 
a grinding roller sharpens and levels the teeth of 
the flats continuously while carding is going on. 
Periodically during the day the alrips, or short 
fibres, and the dust lodging between the teeth 
require removal, and (^very two or three months 
the cylinder and dolTcr have to be dismounted 
and re-ground. 

Several new 
forms of appar- 
atus have been 
brought into the 
mill to avoid the 
creation of dust 
during the card- 
s t r i p i n g and 
grinding opera- 
tions. Home 
Ofliee require- 
ments grow in 
stringency, a ii d 
require this dust^ 
to be dislodged* 
without passing 
into the air of 
the room. There 
is a choice of aj)- 
pliaiKiCS worked 
by fans and by 
vacuum pumps, 
and of smalk'i* 
a[)paratus which 
confine the dust 
inside a cover. 

The lap made 
in the scutching- 
room is of such 
a weight as to 
produce* a})proxi - 
mately the thick- 
ness of sliver 
required from 
the caids, b u t 
the desired per- 
fection of uniformity is not arrived at in one 
operation. The drawing ‘frame [6] is relied on 
to smooth out inequalities and make a satisfac- 
tory sliver; and in making all but the finer 
qualities of yarn the material passes from the 
card to the drawing-machine. Jn spinning the 
finer numbers, however, it is necessary to elimi- 
nate the shorter fibres by a more drastic ])roces8 
than carding. The material is passed through 
combing^nuichineSf preparatory to which the 
coiled sliver from the cards is put through lap- 
machines, The systems in vogue vary in some 
details, but agree in bringing from sixteen to 
twenty carded slivers together, passing them 
through drawing-rollelv which pull out the sliver 
in lengths, and combine the whole in a lap of 

to 10 J inches wide, for the combing-machinc. 


Combing Machines. The combs in use are 

based on a principle which occurred to the in- 
ventor — Heilmann — as ho watched his daughter 
nipping portions of her hair with one hand au<l 
combing the hair with the other. The prepared 
laps are supported on two corrugated rollers, and 
the slow rotation of these causes the ribbon of 
fibre to unwind. 

Tlio cotton first travels over a highly polished 
plate, which oflers no friction, and then passes 
between feed-rollers, when it is fed inter- 
mittently and ill lengths of about one- quarter of 
an inch at a time between nipping jaws. The jaws 
hold the ("lids of the fibres during the time in 

which rows of 
fine needles, set 
upon a small 
cylinder, p u s li 
their way 
through the 
material. The 
rows are of 
graded fineness, 
the coarse 
needles entering 
first and the fine 
ones last, th(‘ir 
work being to 
remove fibres so 
short that the 
ends are not held 
by the nippers. 
The combing- 
roller is furnished 
with needles 
over one part of 
its circumfer- 
ence only, the 
rest having a 
fluted surface; 
and as this 
fluting c o m e s 
b e n e a t h t h o 
nipped cotton a 
small detaching 
roller — covered 
with leather — 
is lowered. This 
movable roller 
carries the 
combed cotton 
between two fixed rollers ; and as they receive 
the addition they roll backwards and join tin* 
cotton previously comb<‘d to the material which 
has newly c;ome forward. 

Thus the machine is continually treating tin* 
fibres tuft by tuft, and adding the tufts together 
into a continuous length by overlapping them. 
While the newly combed is being added to that 
which has gone before, the nippers open and 
allow a new length to come forw'ard. The half 
tuft behind the nipping jaws is combed by being 
drawn through the teeth of similar needles by 
the action of the detaching roller. 

The short fibres removed from the lap are 
carried by the needles, from which, they arc 
removed by a brush, and the brush works in 
contact with a wire-covered doffer-roller, which 

I’aOO 
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in turn is clearod by a dofTor-coinb. Tlio vva.s{n 
iB thus coiiductod to the l)aek of the machine, 
and the combed sliver comes away in a w(‘b at the 
front. The ends of tht' sliver are led down to a 
bell-sha[)ed oritict^ by rollers, and after passiiifiC 
through three pairs of <lrawing rolh'rs they aro 
coiled insid(‘ cans. 

The Heilmann comb is usually math* to take 
eight or t(*n heads of slivers, and its parts^ are 
capable* of the most beautiful adjustment. The 
Whitin (jornb is a moditication of the fl(‘ihnaiui, 
and tin* Nasmith comb is regarded as the gr<*atest 
improv(‘m(‘nt on the Heilmann maehine that has 
been made. The Nasmith maehine differs from 
the original in d(‘tail, aiul is capable of use* upon 
fibre of a great(‘r average* haigth. (\)mbed yarn 
is stronger than that which is only carded, and 
it is more lustrous. Varus nujul)ered 8()s ami 
upv/ard are jiraetieally always eomhc'd, and it 
is Tteeessary to elu)ose eomhed yarn to get the 
best results in cotton that is to he im reerised. 

The WorR of the Drawing Frame, fn 
returning to the drawimj-frame [6] as the m^xt 
in setpience in making eard(‘d yarn, it must be 
pointed out that its pur]3ose is an equalising one. 
Its functions are to straighten tiu* position of 
fihn'S one to another, mix the sliv(Ts from the dif- 
fenuit earding-engiiies thoroughly, and pifwliiec a 
sliver f*qual in all [)arts. 

(\)ile<i sliver is brought to the maelniie jn eans, 
six or eight of which are plaee<l tog(*lher. and tin* 
contents of each an* led into tht* maehim*. They 
pass through four or mon* pairs of top and 
bottom rollers g(*ar(*d at diff(‘r(*nt sj)('(*ds, the last 
rollers running faster than tht* first ; and they 
thereby draft or draw the sliver finer and et)m- 
biiie the whole into ont*. Varying with the counts 
to ho sj)un, the mattaial passt's through the 
drawing'framt* two, thret*, t»r four times <)vt*r to 
secure a perfect amalgamatitm t)f tht* tibi*t‘s. In 
order to avoid sueh trouhlt* as would be 
caused by tin* uniu)tieed breaUugt* t)f a slivt*r, the 
maehine is tittetl with stop-motions. In entering 
the frame each sliver passes over one of a series 
of finublers; and tht* instant the tlrag upon this 
dett'clor stops, tht* tumbler t)verbalaiie('s, and, 
by t'Ugaging with a roeking shaft, brings the 
maehim* to a stand. On the front or dt‘liv(*rv 
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end another atop- imd ion comes into play, should 
the delivery cease or become too light in w’cight. 

Twisting the Sliver. The sliver issuing 
from the drawing-frame is too coarse to be 
placed immediately upon the spinning-machine, 
and has to undergo a further courst* of stretching. 
As it is impossible to stretch a iwistless rope far 
without pulling it in two, some twist has to bo 
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given to the sliver in order to allow further 
elongation to take })lace. Combined drawing and 
twisting is performed upon a further series of 
macliim*s, and the finer the yarn that is being 
made the more machines have to b<*, f'mployed. 
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Tile piftUR'S on this |»a«e Jin^ by courti'^y of Messrs, Pl.itt 
Bros, and Company. 

Two machines serve for coarse yarns — (he 
.s7 ubbhuj-Jramc [4] and the rovi ng-fraine. I<V)r yai iis 
of medium fineness, slidihing, inlerihe.dlale, and 
roving frames are m*eded. For th(* finest counts 
four fram(‘S are necessary — slabbing, inter- 
mediate, roving, arid Jint racing. Kxoept tbaf- 
eaeh siioeessivc* maehim* has fo deal wit!) fimu* 
sliver than its pn*deeessor, tin* machines are the 
same. Th(*y arc; flyer spinning-frames, adapted 
for h(*avy mat(*rial and for imparting light twist. 

The sliver comes to the* shibbing-frame coiled 
in th(* can, and it is led over a guide* through three 
pairs of drafting rollers. Leaving t hem, the sliv(*r 
])ass(;s down the* arm and through the eye of a 
Hy<*r, and is twisted by tin* rotation of the flyer- 
spindle, and wound upon large bobbins, or tubes. 
The bobbins of slubbing are removed to the 
erec‘l of the intermediate frame* to be^ drawn and 
twisted a little iiuire, and the bobbins from tliis 
frame* are tlu'ii lift e‘d on to the roviiig-frame. On 
the reiving-fraim* Dio proet'dure is the s;ime, with 
the exeeqition that usually two ends of the 
inte‘rmediate* rove arc di*awn and twiste'd* itite) 
one. of reiving. 'J’he line roving-frahu" is re- 
epiisitiom*el only for Egyptian and Sea Island 
cotton. Although the* jirineiple; of each of these 
tiyer-fraines is alike, the* size*s of the bobbins and 
flyers are; not Die^ same, and the speeds aro very 
diflV'rcnt. Tlic slubbing-frame runs slowest and 
the* roving -frame, fastest- 

Systems Employed in Cotton Spin- 
ning. The opcfdtiohs betwoeai the drawing and 
the roving frame'B are strictly in the nature; of 
8] inning, but the name of spinning-frame is 
reserve'd for the; machine upon which single; 
yarn of the de*sired linene*ss is produe;e‘d. Twe> 
systems of spinning are used for cotton, both of 
which have bt‘en described broadly in the last 
chapter. They are, wo may recall ; 

^ King-spinning, used chi(*tly for warp yarns in 
England, a form eif spinning that requires little 
skilled labour, and can be carried on by girls. 

Mule-spinning, which employs male labour, 
and can be used to produce yarns of every 
quality, and to employ any kind of cotton. 

In the case of ring-frames it is impossible 
as yet to spin upon the bare spindle, although 
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inventors have made attempts to effect this im- 
provement. The types of spindle in use vary 
in design, and differ principally in respect of 
the facilities for lubrication, a matter of 
importance in view of the higii speetls at 
and long hours for which the machines run. 
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TION IN 1 

** 

Hanks peh Spindt.b 

Typk oi Cotton 

IN JO Homs rPON 


Ki VO- 
IR wirs 

Mri-ES 

16 » American 

0 880 

6 26 

American 

7 528 

5 26 

aOs Egyptian 

6 846 

3 OS 

8(18 Egyptian 

:> 260 

3 37 


By comparison with mules the machines have 
few parts, and the iiroduction per spindle within 
a given time is materially Larger. A comparison 
of the production in ten hours, taken from 
Mcvssrs. Platt’s tables, shows the diffcrenccb 
given in the table on this pag(‘. 


(= 336,000 yards per [ ound) can be spun almost 
without breakages. The mules for fiu<* yarn^' are 
fitted with a jacking motion, which can be 
brought into play to secure an extra stretching, if 
desired, over and above that given by tb(‘ 
ordinary outward run of the carriage. Uy use 
of this motion the drafting- rollers an' stopped 
prematurely while the spindles are still working. 
Again, the line mules arc given a double-fyjjecd 
motion to accelerate the twisting in the case of 
very fine yarn. 

The production from the mule machine is 
governed by the nuniber of dratvs, or outward 
runs per minute of the carriage, and by the length 
of the stretchy which is shorter for fine yarns 
than for coarse ones, A mule spinning thick 
counts of 6s to 12s makes on the average over, 
five and under six draws per minute. In spinning 
60s to 80s yarn, the carriage runs out about 
three times a minute ; in spinning 3(K)s, the mule 
makes one stretch of 48 inches per minute. 
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The amount of twist imparted, which ivS a 
controlling factor in the output of any kind of 
spinning-frame, is, it may bo noted, approxi- 
mately equal in each case. 

Spinning-mules are known as Oldham or as 
Bolton mules, according to whether they are 
designed to spin the classes of cotton and counts 
of yam generally produced in these towns. The 
fiyii: spinning or Bolton mule is fitted wdth 
refinements not needed upon those for spinning 
medium counts, and so delicate is the arrange- 
ment of the finest mules that cotton up to 4008 


A Triumph of Cotton Spinning. It will 
bo seen that production at the rate of 48 inches 
per spindle per minute, the making of one i)oimd 
of yarn 252,000 yards long is a slow process. 
The value of the product is, however, high, and 
worth commercially about 26s. per pound, or 
as much as thrown silk. The highest triumpli of 
the cotton-spinning art, number 400s, measures 
about 190 miles to the pound, and is worth 90s. 
a ijound, or about three times as much as the 
finest silk. 

J. A. HUNTER 
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An Introduction to the Study of the Earth’s 
Crust. How the Solid Crust was Formed. 

THE MAKING OF THE EARTH 


G kolooy, as its Grook uanu; indi(^atcs, is “the 
scienoo of the c^arth.” Jt deals with tlu^ 
sirvehm and the hiMonj of the planet on which we. 
live, and w^ith the nafumi profPS8(\<< which iiave 
moulded it. It t*ndeavours to show how' the 
world around us may havc^ developed out of th(‘ 
gaseous vthulan or fiery haze of clashing atoms, 
which r<']>resent.s the earliest form in whic h the 
materials of the earth can be pictur<‘d by the 
scientific imagination. Jt t (‘aches us to read tla^ 
wondtirful re(^ord which is wTitten in the folds 
of the rocks and stamped upon th(‘ surfaces of tiu* 
(‘arth, and so to form an id(‘a of th(‘ various stag(‘s 
through w'hich our ])la.n(*t must hav(‘ passed 
before it could be the fitting abode of human 
civilisation. Finally, it (‘uables us to look with 
the eye of seic'iice below' the smiling surfae(‘ of 
fields and ])arks, or th(i sandy d(‘sola1ion of 
the d(‘sert, and to predict the placets in which 
the minor, the railway i‘ngineer, and the well- 
sinker may begin their opt ratious. 

Geology an Open Air Study. 'J'h(‘ 
study of geology presu])posos some knowledge 
of gengraphtp or the sup('rfi(‘ial features of tiu* 
earth, whicfi it is tlu^ function of the g(‘ologist 
to explain and interpret. As a ]jrelimin.ai'y 
to his study, the stiuhmt should r<*ad th(‘ 
ehaptiT on the Solid Farfh, Ix'ginning on 
})age 287. It is furth<‘r nc'cessarv to assume 
an elenu'ntary acquainfanee with chetnisfrg 
and physfCfi wluai tlu^ stiuh'iif begins to inquire 
into th(‘ mineral eonstituenf s of the earffis 
cruaf. The student will obtain th<w(‘ from the 
special (ourses on the subjects. 

The science of geology must be studied in th(‘ 
fic^ld and the ([uarry, no less than in tIu* lecture- 
room and the museum, if it is really to tell a 
vital story. Tnd(’ed, the s[)ecial eluirm of this 
sciences is that fh(^ b<‘st place to study it is in 
the open air, and th*at the most essential }>ie(t(* 
of ajiparatus for the scholar is a good pair of 
eyes and a strong pair of legs. The main laws 
of geology can be studied W'ithin the range of a 
holiday walk, though it may be necessary to 
travel far afield in order to witness their applica- 
tion on a larg(T scale. H<‘re it is ])ossible only to 
give an outline of the chief facts w'hich are 
km^wn w'ith c(‘rtainty about the materials of 
whi(;h the earth's crust is inad(‘, and th(^ natural 
processes which havc^ built them up into the 
fair and fertile earth on which we live. We 
endeavour, therefore, in this course of .study, to 
s(‘t them forth much as an intelligent lad might 
h(? able to (lediice them from a series of ran)blcs 
with a pra(!ti(!al g(‘ologist, saying as little a.s 
may be about those branches of the science 
which can be properly learnt only in a well- 
equipped laboratory and under the direct 
supervision of a teacher. 


Subdivisions of Geology. The first thing 
which strikes the would-be geologist with open 
ey(‘s, in th(^ course of such a country ramble, is 
that the features of the earth’s surface always 
dilTer. and yet are always recurring. Every turn 
in the road introduces a slightly different land- 
seapf„ w'hicli, nevertheless, depends for its 
formation on a eorn])ai’ativcly small numl>or of 
details v.ariously comhin(‘d. Tlu^ study of these 
details, with their unison in the several types of 
scen(‘ry, is the subjecrt-matter of Deseriptive 
( t eulogy : (he study of thi^ natural proct'sscs 
whieh modify them is the subjc^ct-matter of 
Physical (ieologijy and the study of t he changes 
through W'hich they have come to exist in their 
pres<‘nt form is the snhjeet-matter of liisforicAtl 
(teology. All the numerous subdivisions which 
leariK'd inventors of names have sugg(‘st;ed 
(^orne und(‘r one or other of those main classes. 
We ean, in short, study only the ])res(‘nt and the 
past — what is and how it has coim^ to be. 

Gc‘ology tl(’als chiefly with th(^ crust of the 
earth, because it is tht^ most important ])art of 
our plaiK't the part on which wo liv(‘. It is 
also the only ]>art which wc r(‘ally know'. Man 
has done little* more than s(^rateh the surface ; 
his dec‘{)est borings go down little* more than a 
mile* — one four- thousandth part of the distance 
to (he centre. We can, indeed, infer a good deal 
as to what lies lower down, hnt we soejn come 
to the* intensely heated interior^ as to the* physical 
condition of which geologists are not yet einits^ 
agre.*ed. It is almost sol(*Iy the crust that we 
sh.dl stmly, and chiefly that ])art of it w'hich lieis 
within a fe*w' f(*et of the* surface*. First, howewer, 
we must take a glance at. the history of the earth 
as a whole, fl’his belongs as much to astronomy 
(the* <*ourse on which may be consulted for 
further details) as to geology, but somei acquaint- 
ance with it is an essential preliminary. 

The Earth as a Blaze of Light. The 
earth w as once “ a fluid haze of light.” The 
whole solar system, in which it is one of the 
smaller planets, was originally a vast nebula, or 
swarm of tiery dust and gas molecules, roughly 
s[>herical, and morti than 5tXK) million miles in 
diameter. This nebula was all rotating- about 
its centre ; it was also cooling, by the radiation 
of heat into space, and contracting. As it con- 
tracted it sheel a series of rings at varying 
distances from the centre, each of which, with 
one exce])tion, gradually coalesced into a planet 
revolving round the central portion, which 
formed the comparatively small star which we 
call the sun. The four outer rings gave birth to 
the major planets — Neptune, Uranus. Saturn, 
and Jupiter — which are still in a more or less 
nobulou.s condition. The next ring never 
coalesced, but broke up into a largo number of 
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asteroids or minor planets. There were still 
four rings left behind as the nebula contracted, 
which formed the four inner and smaller 
planets — Mars, the Karth, Venus, and Mercury. 

Our First Glimpse of Earth. Thus our 
first distinct glimpse of the earth shows it as a 
vehnlmifi star, still intensely hot, and with ho solid 
nucleus, rotating on its own axis, and at the same* 
time revolving round the sun in a nearly circular 
orbit. The brilliant rcsc'arches of 1 he late Sir CJ. H. 
Darwin have illuminated this daw!i of tcrn‘s- 
trial history in a most curious and intcTcsting 
fashion. The earth at i)rescnt rc'volvt's on its 
axis in 24 hours the artilicial measure of time 
into whicih we divide the natural unit of the day 
fixed by the earth’s rotational ])(Tiod. But it 
is steadily losing time. The tides, which an' 
diumally caused by the joint a1 traction of tlu^ 
sun and moon, sweeping round fh(‘ earth in the 
direction o])posite to that of its rotation, form a 
friction- brake precisely analogous to that whi(4) 
is used on tht^ wheels of 
railway carriages or motor- 
cars. The retardation thus 
caused is so small as to lu: 
imperceptible in an ordinary 
lifetime; it a.mounts only to 
a l<*ngth(‘iiing of the day by 
about oTK^-hundredth of a 
second in a c.cntury. But in the 
vast periods of g(*ological time 
even a tiny change like this 
accumulates to a serious quan- 
tity. And when the earth was 
still plasti(5, or even liquid 
as it must have been in tlu^ 
process of cooling down from 
its nebidous state the tides 
produced by the suit and 
inoon in its actual substanc(^ 
must hav(i o])eratcd as a 
far more pow'crful brake, 

[See j)ag<*.s 424 an<l 1 02.‘k j 

(Calculating this secular retardation backwards. 
Sir Georg<! Darwin showed that there must have 
been a time when the day w,ih only two or three 
hours in length. The effect of tidal friction 
also operates on the moon, sinc(\ by Newton’s 
Second Law of ^^otion, action and reaction 
are equal and op])osite. The moon is constantly 
travelling away from the eartfi, and at the same- 
time revolving more slowly. Working this 
problem also backwards. Sir Georgia Darwin 
was able to show that there must have been a 
time when the earth was rotating in a periofi 
of Ketween two and three hours, and the, moon 
was revolving round it at the same [)criod, at 
a distance almost inappreciable. 

The Origin of the Moon. Aiiotlur ste]) 
in this luminous research w^as to show that 
when the earth was a liquid splieroid, rotating 
rapidly about its axis, it must have been in a 
state 'of dangerously tinstable equilibrium. We 
do not know the exact speed with which it 
began to rotate after the nebular ring had 
coalesced, but we do know that at first, under 
the influence of solar gravitation, that speed 
must have tended to increase. Thus the liquid 


globe of the earth was exposed to two eon- 
tending forces — that of gravity, which held 
it togeth(‘r, and that of the so-callcd centrifugal 
force, which t(‘nd(‘d to make it break up, as a 
grindstone or a fly-wheel bursts wIkmi spun too 
fast. It can be shown that wh(‘n the |K‘rio<l 
of the earth’s rotation had decreased to about 
two hours and tw'(‘nty minutes, tlu'se two force's 
were exactly balanced. The least increase' in 
sjH'ed would e)vcreome the force of gravity, 
which, of course*, remained constant, ami 
se)me‘thing must give way. 

“The Moon Flung off from the 
Earth.” It cannot bo a mere coincidence that 
the calculation of the moon's mention, wlu'n it was 
all hut in contact with the earth, shows that it 
must have made a completes re'volution in seimc- 
thing bctwe'e'ii two anel two and a half hours. 
The e'onclusion is irre'sist ibie. Griginally the 
moon fe)rine‘el an integral portion of the^ earth. 
I Sec page 1021. 1 But as the speu'd of the earth’s 
re)ta1ie)u increasf'd under the^ 
gravitatie)nal pull of the sun, 
it crept up to the critie'al 
velocity at whieh the earth 
cemlel no le)ngi‘r holel together. 
I’he're* was a vast catae-lysm, 
be'ye>nel anything whie*h Ave 
can imagine*, and the me>on 
was flung off from the spin- 
ning earth — possibly in the 
form at first of a enctcorio 
ring, wdiich cv(*ntnal!y con- 
dcnscel inte> our satellite. As 
':e)e)n as the moon had an in- 
de'[)cnd(*nt existe'iice*, it set 
up vast tides in its ])ar(?nt 
earth, which actexl as a 
powerful brake. The earth’s 
rotation he'gaii to slow down 
again, anel the* moem began to 
travc'l outwarel in a widening 
spiral. 'Phis beautiful thee^ry 
melon's evolutie)n is now gene'rally 
aeee'pted. 'I’hus we* can re*ael the history of the 
lirst, anel still the,* greatest, geological cataclysm 
of w hich t-hei’c remains any r«*eorel. 

The Earth and its Envelopes. The 
earth, as av<* know it, is an oblate, spheroid [sec 
page' ()j. The* cause of this departure fremi the 
perfectly sphe'rie'jd fe)iin — which woulel have* 
lu'cu assunie'd by the e'artli if its materials had 
e*e>ale*sef*el unde'i* tlie sole* influe'iice of gravity 
anel e^eihe'siou - is the* earth’s rotation combined 
with the sedar tiele*. Calculation shows that the* 
pre'se'ut slia])c of the cartli is that w'hich would 
have* be'cn assumed by a liquid globe rotating 
at it.s ])resent speed, whence w-^c conclude that 
the earth solidifli'el at a time when its rotational 
period was practically the same as it is today. 

The earth consists of shells, likeA an onie>ii. 
It is a globe covered by a solid crust — the* 
lithosphere — which is surrounded by an cnvclojx* 
of air — tho atmosphere — and in part by an 
envelope of water — the hydrosphere. It is the: 
lithosphere, and especially the crust by which 
it is bounded, . with which ge*ole)gy is mainly 
concerned. The outer envelopes are chiefly 
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of interest from the effect which they have on 
the surface of the crust. 

Atmosphere and Water. The atmo- 
sphere, or outer envelope of the earth, consists 
cniefly of the air we breathe, a mcohanioal 
mixture of the gases, oxygen and nitrogen, 
in the proportions by volume of about 1 to 4 — 
exactly 20-0 O to 70*4 N—with a small, varying 
amount of carbon dioxide and water vapour, 
atul traces of rare gases like argon and helium. 
It extends percey)tibly to a height of about 200 
miles [see page 149], though more than half of 
it is compressed by gravity to within three miles 
of the surface. It is equal in weight to an 
envelope of water covering the whole earth to a 
depth of 34 ft., and exerts a pressure on all 
substances at sca-lcvel of rather less than 15 lb. 
to the square inch (one atmosphere). Its 
geological effects are very considerable, as the 
rocks of the lithosphere are superficially modified 
by wind — laden with dust — rain, hail, and snow. 

The hydrosphere, or siu*faco water of the 
earth, also plays a great i)art in the work of 
geological change. 

This water is suf- 
eient, if the sur- 
face w'ere a dead 
level, to cover t he 
whole earth to a 
depth of nearly 
tw^o miles. But 
the various forces 
which have been 
at work in the 
course of the last 
hundred million 
years or so have 
ni o d i fi e d the 
earth’s siii’faoe so 
that it present.'^ 
considerable in- 
equalities of level 
[see pages 8 and 
287]. Consequently, the w'atcr of tho hydro- 
sphere has chietly collected itself into the seas 
which occupy tlie depressed portions of the 
surface, and which cover nearly three-fourths 
of tho whole area of the earth — about 
145, 000, 900 square miles. A considerable part 
of the w'ater is always .suspended as vapour in 
tho atmosj)hcro, and a complete system of 
circulation is set up under the solar influence. 
[Sco the course on Geooraphv.] The w^ater 
evaporates from the seas, falls as rain on the 
land, and is returned to the sea by the rivens 
which it thus forms. It is one of the most 
effective agemts in the geological operations which 
lare constantly altering the surface of the earth. 

The Solid £arth« The groat bulk of 
the earth consists of the lithosphere, or solid 
gloho of rocks, with w'hich gt'ology properly 
deals. It is on the part of this lithosphere, 
composing a little more than a quarter of the 
earth’s whole area — 55,500,000 square miles — 
[see page 550] which rises above tho seas and is 
called land, that mankind lives. Practically the 
whole of its surface is exposed to tho study of 
the geologist, who is also acquainted with its 
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interior structure, as displayed by mines and 
bore-holes, to the depth of something over a 
mile. It is his business to form inferences as 
to the condition of the parts which he cannot 
directly explore. Ho has also to tell us why 
the land is diversified so much, by plain and 
table-land, mountain-range and valley-system; 
why tho rivers flow through it, and what 
dominant force has traced their courses ; why 
one kind of soil is better suited than another 
to the purposes of agriculture ; and how the 
miner can best prospect for tho shafts with which 
he hopes to tap tho mineral resources of tho 
earth’s interior. Only a long and thorough 
course of study can enable him to do all this, 
but tho principles on wliich he depends are 
outlined in the following chapters. 

Astronomy has already taught us that tho 
earth was once so hot as to be a mere nebula, 
composed either of fiery gases or of glowing 
particles of matter such as we now call meteorites. 
We know, by common experience, that its surface 
is now cool and hard, and mostly composed of 

solid rocks, with 
a mantle of soil 
varying from one 
or two to hun- 
dreds of feet in 
thickness. How 
has this great 
eh an go been 
brought about ? 

Influence 
of the Earth's 
Motion. We 
know that three 
different agencies 
have been at 
work on tho ori- 
ginal nebula. It 
was originally in 
motion, rotating 
around its own 
axis, and this motion has been preserved and 
handed on to the earth. It was intensely hot, 
and has been losing heat ever since. And it 
was made up of some sixty or seventy different 
substances tins so-called elements of the 
(chemist — which have since entered into nume- 
rous kinds of combination with one another. 

The nebulous earth has constantly been losing 
htal by radiation out into space. All bodies, 
with some negligible exceptions, contract as 
they cool. Thus tho nebulous earth steadily 
contracted as it lost heat, until finally it began 
to change from glowing gas into a very hot 
liquid — a globe of molten rock — from which, 
as we have seen, the moon was shot off under 
the influence of the centrifugal force. 

The exact steps of this liquefying process are 
still in doubt. Wo can never hope to trace this 
far-off part of the earth’s history with any great 
accuracy ; it is so much a question of inference 
and hypothesis. Some hold that the liquefying 
process began at tho centre of the nebulous 
mass, for, though the heat may have been 
greatest there, so was tho pressure, amounting 
perhaps to 3,000,000 atmospWes, or 20,000 iota 
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to tho square inch; and wo know that the 
melting-point of nearly all substanecB rises in 
proportion to the pressure exerted on them. 
Others assert that it began at the outside, where 
cooling was fastest. What is certain is that 
it did begin somewhere, and continued until tho 
whole vast nebulous bulk had shrunk into what 
we may for brevity call a liquid or plastic globe 
some SCMK) miles in diameter. 

The Solid Crust. Meanwhile, chemiml 
changf^s have been going forward. At the high 
temperature of the original nebula it is probable 
that all the elements existed by theinselvc‘s, 
being too hot to enter into combination. [See 
Chf.mi.stry.] But as they cook'd they began to 
form compounds ; the iron and tho oxygc'ii 
rushed together, producing some oxide of iron ; 
hydrogen and oxygen gave birth to water- 
vapoiii*; 8ili(!on and oxygen produced quartz, 
and so on. Hero the hi ?tory of the earth belongs 
rather to cliemistry than to geology. 

The geological stoiy really begins with the 
formation of the solid crust on the surface of 
this liquid globe. As the secular cooling w^ent 
on, the outer ])arts of the liquid mass must 
have b('gun to harden and solidify, just as the 
Java from a volcano or the slag from a blast- 
furnact^ hardens wlieti exposed to air. At first, 
no doubt, th(' hardtaied portions sank into the 
fi(‘ry liquid, and W'ere dissolved again, but in 
time they began to become thicker and larger, 
and to adhere together, until at kusb tho whole 
globe was covered with a skin of solid, though 
still intensely heated, rock. The atmosph<*re 
meanwhile shroiuk^l t.his globe, and began to 
ehe<*k tho rate at which heat was lost ; it con- 
tained not only the air which we breat he* today, 
but all the wattT of tho oceans and rivers in the 
shape of superheated steam, as well as vast 
quantities of carbon dioxide, much of which is 
now tix('d in our coal-measures. 

Heat of the Earth Within. An im- 
portant evidence of tho formation of this solid 
crust is to be found in the well-known fact that 
tho earth is still hotter icithin than it is on the 
surface. The phenomena of volcanoes, geysers, 
and ho^' springs bear witness to the existemee 
of some internal reservoir of heat. That this 
is not . K'l'cly local, but universally distributed, 
is '^hovii by the fact that wherever we bore into 
the earth’s crust W(^ find the teiujierature stejidily 
incH'asing as wo go down. On tho average, tlu^ 
increase is 1° (.^ for every 00 ft. of descent. 
Tho actual rate varies widely according to tho 
local conditions, but that is about the mean of 
numerous observations. If this rate were kept 
up, tho temperature at tho centre of the earth 
would be over 200, 000^^ C. Probably the rate of 
increase does not remain so groat ; it must be 
remembered that wo can follow it for only six 
or seven thousand feet. But there is no doubt 
that the interior of the earth is exceedingly hi>t. 
At a depth of 100 miles the temperature would 
be 5700^ C. above that of the surface, and no 
known substance would in tho ordinary course 
remain solid. Thus tho earlier view of the 
earth held it to consist of a solid crust, 50 to 


100 miles thi(!k, floating on a molten globe, 
serving as the common reservoir for volcanoes. 

Condition of Earth's Interior. But 
this view has been seriously modified by tho 
progress of knowledge. • Astronomers have 
shown that, if the earth’s interior were rc'ally 
fluid, the sun and moon would cause vast tides 
in it which w'ould seriously perturb the motion 
of oiir satellite. Nothing of tho kind tak(*s 
place, and it has been ealeulatcd with entire 
certainty that tho eartli, as a whole, must Ix^ 
far more rigid than if it wore a globe of solid 
steel. Tho earlier geologists omitted to take 
account of the immense pressures which th(^ 
weight of th(; suiH'rincumbent strata exerts 
upon tho materials of tho earth’s interior, and 
which greatly raise tho melting-point of tlu' 
ordinary rocks. Thus, the modem view is that 
the interior of the earth is j)ractically solid all 
through, in spite of the immense temperature 
which must prevail in it. Tho best theory is 
that of Professor Arrhenius, who has put fon^ ard 
the view that the earth is a vast bubble, con- 
sisting of a solid crust perhaps 30 or 40 miles 
thick, resting on a liquid magma of 60 to 100 
miles, which sluuk's off . into a globe of gas. 

But this gas is very different in physical 
properties from any which wo know in our 
laboratories. That it is gas wo argue, because 
the temperature at this depth must bo higher 
than the 'Critical temperature of any knowm 
substance — that is, the teniperaturo at whi(;h 
a substanci^ can reniftin solid or liquid under 
any pressure. fSco Physics.] But it is gas 
under a pressure so vast that its density is two 
or three, times grojitc'r than that of any known 
rock, and its rigidity and incompressibility are 
greater than those of steel. Probably at least 
half of this gas consists of iron and other metals. 

The Earth as it is. Tho earth, then, which 
geology has to study, consists of a series of shells 
of matter in different states. The' central core 
is a globe of about 7600 miles in diameter, which 
is e'omposoil of iron and other elements, probably 
not forming compounds, in the gaseous state, 
hut exposc'd to such troTneridons pressure that 
it behaves as a solid anrl extremely rigid body. 
Outside this core is a shell of liquid matter wdiieh 
consists of all the rocks which we know at tho 
surface in a state of fusion, perhaps 100 miles 
in thickness. Upon this magma floats tho 
solid crust, 30 or 40 miles tliiek, which is com- 
po.so<l of tlu^ various rocks which wo have now 
to study, breaking down at tho surface into 
soil. Three-fourths of the surface of this crust 
are eovcT(*d by the watfr of the ocemis, (Ik's 
hydrosphere, the rest being dry land. Ontsick^ 
all comes the atmospheric mantle^ chiefly coni- 
])osed of air, which supports life, acts as a blanket 
to keep the eart/h warm, and as a shield against 
the blows of meteorite's. 

Before we can proceed to consider th(^ later 
history of the earth, and to ask how the hot, bare 
rocks have given birth to the habitable earth on 
which we live, we must study tho more impor- 
tant materials of which they are composed. 

W. E. GARRETT FISHER 
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The Hydraulic Cylinder and Rami Hydraulic Jacks of Various Types. 
The Punching Bear and Wheel Pressi Hydraulic Lifts and Cranes. 


APPLICATIONS OF HYDROSTATICS 


Hydraulic Rams. Pursuing the applica- 
tions of hydrostatics into varied mechanisms, 
we lind that the most important is the hydraulic 
cylinder and ram. In this appliance a solid 
ram or plunger tits within a cylinder into which 
water undi^r pressure is admitted, thereby 
causing movement. The cylinder, or else the 
ram, is set in motion thereby. Generally it 
is the ram that moves, as in the hydraulic 
platform or station lift, and in baling presses, 
or flanging presses, types of a hundred other 
machines. Put sometimes the cylind(‘r is made 
free to move over the fixed ram, the alternatives 
being matters for convenience. Obviously, too, 
the jDOsilions of the mechanism are of no import- 
ance. Though in most cases set with the axis 
vertically, they are often horizontally, and in 
some cases inclined. Also the lift may be direct, 
the table platform, or platen, being attached to 
the hefid of the ram. Or chains may be brought 
round pulleys at the head of the ram, and, with 
suitable anchorages, used to impart motions 
that are not in a direct line with the movements 
of the ram. These occur in jigger hoists, and in 
many kinds of hydraulic cranes. Pressure is 
also often transmitted by jointed or walking 
pipes instead of rigid ones, to avoid having to 
reconnect, as in hydraulic riveting plants. 

It should now bo readily seen that, given the 
foregoing elements, capable of producing strong 
pressure and transmitting it by a liquid which is 
practically incompressible, enormous possibilities 
in application are opened up. The following are 
a few examples which arc 8elect(*-d from a much 
wider practice, and each of which occurs in 
machines the details of wdiich are modified in 
many ways in the hands of dillerent manu- 
faclurers ac(U)rding to their mn^ds. 

The Hydraulic Jack. This is a 
simple machine for gaining enormous power, 
but with its accompaniment of very slow move- 
ment, resembling in this respect the differential 
pulley blocks. Both are invaluable when heavy 
loads have to be lifted by human energy alone. 
The jacks wull lift locomotives, ships, bridges, 
by the operation of a hand lever, and in modi- 
fied forms they will push loads slowly. They are 
emergency tools out of doors, where cranes are 
not available. Their general construction is 
shown in 103, which represents a Tangye 
lifting-jack that combines two functions in one — 
that of lifting on the head A, and also on the 
foot B, the latter being an invaluable addition 
when there is little space between the object to 
be lifted and the ground. The construction of 
the jack is as follows. 

C is the body of the force-pump, and D its 
ram, actuated by the lover E, drawing the 
water from the cistern P, by the pressure on 


which between the ram G and the casing J 
Ihe latter is forced upwards. In the force-pump 
(■D we recognise tlio same typo of pump that 
wa.s illustrated in the .previous article [page 1,568]. 
The diifererice in the area of the i*am D and 
that of the ram G of the jack represents the 
theoretical gain in pressure. 

Operation of the Jack. When in 
operation, the cylinder J should first bo down 
to the bottom of the ram, as shown by the 
drawing. The cistern F is then filled with 
liquid, either by removing tlio cover A or by 
taking out the charging screw H and filling 
through its hole. Clean water must be used, 
or rain water, or condensed steam with J oz. 
of soda added. In cold weather glycerine is 
added to the water to prevent freezing — one 
part of glycerine to three of w ater. The lowering 
screw', or stop- valve K, is then unscrewed,* and 
the lever E, pivoted at c/, workcjd a few times, 
by which means water is forced through the 
pump into tlui space L, and any air present 
passes through the valve K into the cistern F. 
A little morc^ water is added through H to take 
the place of the air driven out. The air-screw 
M is loft slightly opened all the time to allow 
freedom of t‘scape to the air. The cylinder J 
rises on the ram G until the water comes out of 
the blowhole N, though it is not well to lift 
to the extreme limit, as the Icjather packing (c) 
is liable to become damaged. 

To lowTr the jack, the screw K is slackened, 
which leaves a free passage of the liquid from 
L <o F. If the height to which a load has to be 
lifted exceeds that of a single “run-out” of the 
jack, then the jack is raised on blocking, and 
another lift taken. 

There are a good many practical points about 
the working of those jacks, but only one can bo 
referred to here— the care of the leather pack- 
ings (c). Nothing yet has been substituted 
successfully for leather, so that the old saying 
“ nothing like leather ” is in this connection 
absolutely true. A jxjculiarity to be noted is 
that the leather is cupped in such a way that 
tlie harder the pressure the more tightly is the 
leather pressed out against the walls of the 
cylinder. Sometimes even a leather which win 
be leaking w'hen a ram is doing no work will 
cease leaking as soon as a load is put on. The 
troubles to which leathers are liable are mainly 
due to their drying and shrinking. Next to 
tlieso the presence of grit is most harmful. 
When leathers have to be cleaned they are 
taken out and soaked in water or oil. 

' With regard to lifting a load on the claw B, 
it is obvious that the full load which can bo taken 
on the head A cannot be put on the claw. It 
is, therefore, not judicious to carry more than 
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25 per cent, of the jack-load on the claw if the 
lifting be a high one. For a short lift nearly the 
maximum load may be carried with safety. 

Modified Jacks. Around this simple 
mechanism, which is but a modified form of the 
(:38ential Bramali press, engineers have built 
many designs, a few of which we shall' now 
notice. Somu of the reference letters are 
retained in the subsequent figures for the 
purpose of ready iden^Hcation of similar 
pr rts in other machines. 

Given the jack itself, one of the first improve- 
ments effected with a view to increase its 
range is to impart a horizontal motion bodily 
to it — the traversing jack, a movement effected 
by a screw. An object after being lifted can 
thus bo moved along bodily within a limited 
distance by this type of jack. 

Ship Jacks. Jacks are utilised for lifting 
ships, hence termed ship jacks fl04 1« tliough, of 
course, suitable also for bridges and other heavy 
works. Hero wo recognise the force-pump, 
but set in a horizontal direction, and operating 
a vertical ram. But while the jack in 103 is 
made for loads up to about 50 tons, the ship 
jack is made as high in power as 400 tons, 
which explains the enormous disproportion 
in the diameter of the rams L) and G in 104, 
the drawing being made to K(“al(\ Note also 
the great thickness of the mefal in the cylinder 
J which encloses the ram, and receives the 
pressure tending to rupture it. The only other 
differences tliat need be noted are the form of 
the packing leather, and the safety-valve in 104. 
The leather (c) is of the U section, that being more 
suitable than the cup form in 103 for withstanding 
enormqus pressures. The w(‘ightod safety-valve 
• lever O, though often omitted, is desirable 
because of the severity of the pressure, whieh, 
if much exceeded, might rupture the cylinder 
or the j)iJmp. Tlic power of this small jack 
is thus (;qua( to the lifting of four of the largest 
locomotives with their tenders. 

Pulling Jacks. In these examples the 
power is applied to the exercise of thrust or 
push, but it is equally applicable to a pull. 
A special form, therefore, is the pulling type [i05]. 
There are confined spaces where even the snug 
pulley-blocks cannot bo used to pull a load, 
as in shaft tunnels, and sometimes in the engine- 
rooms of Btoamers, and then the pulling jack, 
operated by a pressure pump, is a boon to the 
men who have to execute hurried repairs. 

This jack has the same cistern, for(!o-pump, 
and stop-valve, but a tube (G) takes the place of 
the ram, and the water pumped from the cistern 
^passes through the bore of this tube to the under- 
side of the piston. The latter forms an en- 
largement at the end of the tube, and has a U 
leather packing (c). The eyes fitted at the ends 
are in union, one with the cistern and thence with 
the tube, the other with the cylinder for connect- 
ing to the work, and to any suitable point of 
attachment. In operation, the tube is drawn 
out as far as is required, and the act of pumping 
pulls it in, drawing the work along with it. The 
jack is used indifferently in a vertical or hori- 
zontal position. Machines of this kind axe made 
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with powers as high as a 25-ton pull, with a maxi- 
mum run-out of 36 in. 

The Punching Bear. Nor is it only in 
pushing and pulling that the coercion of pressure- 
water is in evidence. The same essential 
mechanism— that of the small ram of a pump 
and the large-power ram — are used for punching 
holes through steel, and for shearing the edges 
of steel sheets. Fig. 106 shows one of the 
first variety, which is made by Messrs. Tangye, 
of Birmingham, a most useful machine, termed 
the punching bear. Its utilities lie in the for- 
mation of holes in girders and other plated work 
in localities which do not admit of the utilisation 
of the fixed power operated machines. A man 
or two men can handle this machine, yet it 
is powerful enough to drive rivet-holes through 
iron plates J or 1 in. thick. 

The top lover E actuates the force-pump, and 
sends pressure-water into the chamber above 
the ram G, pushing the latter down. The punch 
P being fitted into a hole in the latter partakes of 
its movement. The function of the lower lever 
Q is to raise the ram and punch, previous to 
whieh the slop-valve must be opened to allow 
of the escape of the water back into the cistern. 

Around this design many larger punching 
machines are built for special work. They include 
machines for punching tram rails, girders, 
channels, and copper sheets. Some are portable, 
l>eing mounted on_ wheels for movement to 
work in i)rogress, on railways, and in streets. 
Some have so little resemblance to others that 
a superficial observer would hardly see the re- 
lationship, but they all embody the same prin- 
ciple— that of the Bramah press. Some, too, 
are used for closing rivets. Also, by substituting 
shear blades for the punch and its bolster, we 
have the hydraulic shearing machines, a large 
group now extensively used. 

The Wheel Press. This is a machine 
for pulling railway wheels on their axles, and 
taking them olT by the simple exercise of water- 
pressure. The wheels on their axle are slung 
between heads, wdiieh ntford the necessary 
resistance to the water pressure. They are 
capable of exercising total pressures ranging 
from 80 to 200 tons. Many of these are worked 
from an accumulator. 

Bolt Forcer. The same principle is 
adopted in the bolt forcer [107], a small machine 
which pushes bolts home, and rusty ones out 
of their holes. They are capable of exerting 
pressures of from 20 to 75 tons on a refractory 
bolt. The ram here (G) is hollow, to receive 
a steel drift (P) which is forced along by the 
ram against the tail of the bolt to be pushed out. 
The resistance is taken by the arms or claws Q, 
two in numl)er, so flanking the bolt on each 
side. A propeller shaft with a bolt about to bo 
forced out of the flange is indicated in dotted 
outlines. The arms (Q) have handles for lifting 
and transportation. Figs. 104, 106, and 107 
illustrate examples from the practice of Messrs. 
Youngs, of Birmingham. 

Another machine forces the big propellei's of 
ships ^ off their shafts by the porsuasivo power 
of a little water judioiously applied. 



Yet another group identical in principle of 
operation include the bending and straightening 
macliines. These may often be seen in the 
streets where tram-lines are being laid down. 
Pressure either to bend or , 

straighten is applied between the 
end of the ram and a pair of 1 i 
claws, or hooks, opposed thereto, Li^ 
and to right and left, the rail 
being gripped between so that 
the pressure takes place at throe U j 
points. Pressures of 40, 50, or Uj ' 
60 tons are thus obtainable. A e 

In the shops there arc larger A 

machines used for straightening \\ 

steel beams, precisely the same in t\\ 

essential mechanism, but diifering l\ 

in outline, being fixed on massive *[\Y 

bed- plates. When steel girders, 
joists, bars, and other sectional 
forms have to be either bent or !j : ! 
straightened, this is not done by | ^ 

the brutal method of hammering, l| j 

but by squeezing. The machine I 

may be described as a hydraulic i t 

jack (the ram) so mounted as I 

to push the girder or beam in |j { 

opposition to two points of resis- | | 

tance. Being under control, the i PMBI 
pressure can be arrested when the I rjpMzi 
beam is cither straightened or 11 i j I 
bent to the curvature required. |ei ^| 
Presses Using Accumu- 
lators. The members of this 
group are as numerous as those 
we have already considered, and ( 

they are generally much more 
massive in form. Tno most familiar are 
those for lifts for passengers and goods, for 
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on every square inch. Hay is pressed thus 
into a bulk one-sixth that of the original truss. 
The motive power is still the force-pump 
and accumulator actuating the ram C in the 
figure. This very simple piece of squeezing 
mechanism tills a large place in many indus- 
tries where articles such as fodder, hops, and 
hay are pressed in bulk for export ; and for 
extracting oils and juices from fruits, as olives, 
almonds, linseed, castor berries, and rajx\ In 
some presses provision is included 
for binding ropes round bales 
as they are being compressed. 
Sometimes boxes are used 
as shown, and in other 



111 ELEVATION AND PLAN OF nYDR.\ULIC CRANK 




cases are not, according to the nature of 
the material. 

Flanging Presses. These are a special 
variant on the baling press and kindred types. 


pressing or baling, hanging, squeezing and They contain more mechanism, in the form of 
reducing steel ingots, shearing steel subsidiary side-raras, that push the boiler plate 


plates, and making forgings. to be flanged up against one die, which is fixed, 

^ Baling Presses, following which the main ram pushes the 

These are simply an flanging, or movable die up, so bending over the 
adaptation of the edges of the plate against the fixed ram. The 
AK common fire-box and tube-plates for locomotive and other 
platform boilers are turned round thus, instead of flanging 
lift de- them .by hand, the process occupying a few 
!'!|\ sign. For minutes against hours required when they are 
plat- done by hand hammers. 

- Iffil 1 1 :11 \ form, t ho Fig. 109 illustrates a flanging press by Fielding 
pressing & Platt, Ltd. The cylinder and ram are below 
/ table, or the ground, as in the baling press, but only 
the lop of the rain is shown in the 
I '7, at A. This lifts the movable 

1 1 plate B, which carries the lower 

I ^M t i i I • * flanging die C on stools, which die 

: ! j I ^ platen A flanges or turns over the edges of the plate G 

•; I I ' [153] is against the edges of the upper die D. D is 

1 ; 8 u b 8 1 i- carried by stools against the fixed plate K, 

■= !j : tuted, which thus resists the pressure of the lower 
; -M i between plate B. E is, however, adjustable in height 
py which, to suit different pieces of work and different 

^ i n i t s thicknesses of dies. Before the actual 

I CRANE upward flanging of the plate G takes place, the 

ead B of the machine, plain plate is brought up and held against the 


platen A 
[153] is 


. - . . which, 

i n i t s 

112 BYDBAULIO CRANE upward 

movement, and the head B of the machine, 
fixed above, the loose material is pressed, 


movement, and the head B of the machine, plain plate is brought up and held against the 
fixed above, the loose material is pressed, upper die D by the plate H, which has a vertical 
often with a force of from two to thm tons movement independent of that of B through 
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four small hydraulic rams J. The object of this 
provision, distinct from the squeezing, is to 
permit of making precise adjustments of the 
plate before flanging it. Hundre^ds of these 
machines are in use, doing work with a silent 
squeeze bettor, as well as more quickly, than 
hand work was over capable of doing. 

Forging Presses. These form an im- 
mense group, comprising machines more or less 
specialised. The largest forging press in the 
world is the 14,000- ton pr(‘ss of the Bethlehem 
Steel Works. There ani some immense presses 
in vSheffield for forging down ingots for armour 
plates. Essentially they comprise the ram and 
cylinder. They have entirely displaced steam 
hammers for the most massive work. It would 
be imj) 08 siblo to forge the big propeller shafts 
and the guns and armour plates by steam 
hammers with sound results, to say nothing of 
the concussion of hammers, which does not 
exist with presses. 

In forging presses are included largo groups 
which deal with* comparatively light work, 
which they bend and mould in all conceivable 
shapes. At the Swindon G. W. R. Works and 
(dse where there arc numbers of these j)r(‘sscs 
in a great shop in silent operation making 
buffers, horn blocks, and the numerous forgings 
required for carriages and waggons. 

Lifts. Ill the direct-acting lift fllO] the 
hydraulic cylinder A is sunk in the basement. 
By the admission of pressure-x^ater from the 
accumulator, the ram 13 is lifted. As it (tarries 
the platform C on its upper (‘iid, the platff)rm 
partakes of the lift moveunent, and is carried 
up to a distance corresponding precisely witJi the 
amount of verli(;al trav<4 of the lift. Tiie 
descv Tit is accomplished by gravity, by letting 
out the water, the rate of which is under control. 
Tlie capabilities of this sirnpk; m<?ohanism are 
almost without limit. Two extremely powerful 
installations of this kind are the canal lifts at 
Les Fontinette.s, and on the Canal du CVntre, 
Belgium. In the latter a trough of water, 
vv('ighing 1,100 tons, and containing a barge, 
is liftt^d to a height of 50 ft. in minutes. 
This load is sustained by one ram G ft. 6} in. 
diameter, and the pressure is 47() lb. to the 
square inch. On the NeiifTosse (^anal, at I.ies 
Fontinettes, similar lifts, but weighing 700 tons, 
ar<5 lifted 43 ft. 

Hydraulic Cranes. As these were the 
first mechanisms to which water pressure was 
applied (by Armstrong, at Newcastle), so they 
are still used to an immense extent for light as 
wtUl as heavy loads. Details vary widely from 
the plain types shown in 111, 112, to the Viist 
coal-tips which lift a 20-ton waggon of coal, tip 
it, and return the waggon to the rails in a 
period of time as brief as a minute. 

The crane shown in 111 is of (he direct-acting 
type— that is, the jib A with its load is lifted by 
the upward movement of the ram B. The jib 
is steadied by the rods 0 and rollers D abov (3 
and below against the post E. The rotation of 
the jib is accomplished by anotlier ram (F), set 


horizontally, and moving a rack (G), turning a 
wheel (H) tWt encircles the post E. More often 
a chain is used for turning, as indicated in the 
skeleton drawing 112. In this example the 
lifting of the load is done with a fixed jib. The 
ram is shown at the top of its stroke, and its 
movement draws the rope or chain round the 
pulleys shown, so lengthening or shortening the 
lift at (ho hook. 

Other Applications of Hydrostatic 
Pressure. The foregoing is a small but 
representative selection of the utilities of power- 
water. The following is a short summary only 
of other ways in which hydrostatic; pressure; is 
employed in engineering structures. 

It is applied in many turning ope^rations, for, 
as we have seen, the cylinders can be arranged 
in any positions, and connected by chains or 
racks and pinions to the parts to be moved. 
Hence we have it working the steering gear of 
the largest .ships, for which hand power woukl 
be uttca-ly incompetent. Large swing- bridges 
are operated similarly. Th(*re arc many of thest^ 
in existence for road and railway traftic. One of 
the latter, ovtT the River Ouse, at Goolo, weighs 
G70 tons, and is actuated by engines having 
thr(*c‘ cylind(*rs arranged radially, and worked by 
water at a pressun; of 700 lb. per sq. in. One 
ov<T the Riv'cr Tyne weighs ov(;r 1,200 tons. 
The huge bascules of the T()wi*r Bridge are 
raised and lowered by hydraulic engines, besides 
which the hoists for taking foot passengers up to 
and down from the high-level footways are 
actu ated hyr Iran 1 ieal ly . 

Dock gat(‘s are opened and closed by hydraulic 
rams, arranged horizontally, and (;onnoeted with 
chains to the gates. In other cases the chains are 
wound on to, or unwound from, drums by 
hydraulic, engines. Docks having openings as 
wide as 100 ft. have their gat(‘S operu'd and 
closed thus by pressure-'vvat(*r. 

Big guns are also manii)ulated hydraulically, 
and the rwoil also taken thus. 

JMention has been made of the hydraulic 
punch, the shearing and flanging machines, but 
theses are only fainily representative of the vast 
utilities of the pressure -water in our factories 
and on public works. Numbers of distinct and 
separate types of machine tools, some fixed, 
others portable, are in use in nearly every big 
c'ngint;er.s’ works and on gn^at public; structures, 
A modern boiler is never built without the aid 
of these tools ; seldom, if ever, is a bridge erected 
or a steel ship constructed without their having 
a big share in the work. It would be difficult 
to say which is the more useful — the heavy, 
fixed machines, or the lighter, portable kinefs. 
The latter enable many operations to be per- 
formed that a few years ago were deemed impos- 
sible except by hand work — operations done in 
awkward situations and where the work is too 
massive to be taken to any machine. Holes are 
punched and drilled, rivets closed, and steel cut, 
control being exercised by the movements of 
simple valves operated by handles. But the 
power behind it all is the pressure-pump and 
the accumulator, with its storage. 

JOSEPH G. HORNER 
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Lafin : Important Idioms. English : Parsing and Analysis. 
French: Numerals. German: Strong Verbs and Adverbs. 


LATIN By Qerald K. Hibbert, M.A. 


Section I. 

Miscellaneous Idioms 


English. 

Cal purn la married 
Cajsar. 

Ca'sar married Cal- 
purnia. 

He is the best 
scholar in the school. 

It does not fall to the 
lot of everybody to 
visit Naples. 

’'rhere are some who 
think yon are mad. 

I prefer a thousand 
deaths. 


I fear you are wrong. 
I fear you are not 
wrong. 

I will do it if I can. 
lie pities no one. 


I am sorry to say 
this. 

Ho perished in his 
youth. 

I liMvo asked him to 
come to see me as 
quickly as possible. 

I cannot write for 
weeping. 

One uses one tent, 
another another. 

All the best citizens 
are present. 

It is all over with me. 

You ought to have 
done it before. 

On the march. 

On horseback. 

He departed without 
asking what 1 had 
done. 


Latin. 

Calpurnia Ca*sari 
niipsit (lit., veiled her- 
self for Cu'snr). 

Caesar Calptirniam 
in niati irnoniuin 
diixit. 

Discipuloruul,si quia 
alius, i 1 1 e o p t i m e 
di;?cits 

Non cuiliV)ot con tin- 
git Ncapoliin videre. 

Sunt qui putent te 
insanire. 

Malo aoxcentios mori 
(the Latins always said 
six hundred times in 
such sentences). 

Timeo no erres. 

Timeo ut erres. 

Hoc si potero (fut.) 
faciam. 

Nullius miseretur 
(noineminisx gen. and 
abl. of nemo not used.' 

“ With nemo let mo 
never see 

Nemi nis and ne- 

mine.^') 

Invitus hoc dico. 

Juveiiis mortuus est. 

Rogavi cum iit quam 
celerrime veniat mo 
visum {supine). 

Prae lacrimis scrib- 
ere non possum. 

Alius alio tabernac- 
ulo utitur. 

Ojdimus quisque 
civ is adest. 

Actum est do me. 

An tea te hoc facere 
opoituit {note the pres, 
infinitive). 

Ex itinoro. 

Ex equo. 

Discessit, neque quid 
fecissem rogavit (or, 
Ita discessit ut non 
rogaret, etc.). But 
not sine with gerund. 


English. 

With’ your usual 
kindness. 

In front was the sea, 
in our reai the enemy. 


He came sooner than 
he was expected. 

The House divided 
on the motion. 

Once every four 
year.s. 

I am on the point of 
going. 

In the open air. 

The sisters loved one 
anothei. 

1 was within an 
inch of death. 

Mind you come. 


Ho is not a fit 
person for you to con- 
verse with. 

I cannot walk even 
a mile, not to mention 
seven. 

At one time no is 
wise, at another a 
perfect fool. 

Some laws wore 
passed, others re- 
mained posted up. 

What is the meaning 
of the word pleasure ? 

I asked him what 
time it was, but he 
made mo no reply. 

I am writing this 
letter on the Ist of 
April. 


It would be tedious. 
It would have been 
better. 


Laiin. 

Pro tua dementia. 

A fronto mare, hos- 
tes a tergo immine- 
bant. (Note the“l)ack 
to back ” construction, 
called Chia.siniis, mare 
and hostes being the 
two means, a frnyif.p 
and a tergo the ex- 
tremes). 

Opiniono celerius 
venit. 

Pedihus in senton- 
tiam iverunt. 

Quarto quoque anno. 

In CO sum ut pro- 
ficiacar. 

Sub divo. 

Sorores altera alter- 
am amaveruiit. 

Minimum abfuit 
quin moreror. 

Cura {or Fao) ut 
vonias, or simply Cura 
venias. {Cura is im- 
perative of curo^ 
curare.) 

Non eat aptus quo- 
cura colloquaris. 

Ne mille puiRu.s qui- 
dem am hula re possum, 
nod u in 8ei>tcm (iiiillia 
pa.s.siium). 

Modo sapiens, modo 
stultissirnus est. 

lieges alia* latae sunt, 
alife promulgataa fuer- 
unt. 

Quid vult vox volup- 
tatis ? 

Mihi interroganti 
quota bora essot, nihil 
respondit. 

Has literas {or banc 
epistolam) Kalendis 
Aprilibus scribebam. 
(Epistolary imperfect, 
because to the reader 
the writing is past.) 

Longum est. 

Melius fuit. 


FRENCH, GERMAN, SPANISH, LATIN, ENGLISH 
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English » Latin. 

All the world knowB Nemo eat quin aoiat 
that you are not con- tibi non perauasum 
vinced. • eaae. 

Instead of thanking Quum gratias mihi 
me, he abused me. agcre debcret, mihi 

malcdixit. * 

“ This, then, is the In Oraiio Ohliqua. 
reason why pay has Hoc illud esse quod 
been granted to the spra inilitibua sint con- 
Boldiers : nor has it stituta ; nec se fefel- 
escaped our notice that lisse, id donum inimic- 
this gift will be daubed orum veneno illitum 
with tlie poison of our fore. Venisse liberta- 
cncinics. The liberty tern plebis ; remotarn 
of the people has been in perpetuiim et ableg- 
sold : our soldicTy is atam ab urbc et ab 
removed for over and repiiblica juventutem 
banished from the city jam no hiemi quidem 
and from the republic : aut tempori anni ced<‘ie 
no longer do they give ac domos ac res in- 
way even for winter or viscrc suas. Quam 
the season of the year putarent continuata^ 
and visit their homes militia* causam esse ? 
and possessions. What (Livy.) 

do you think is the 
reason for this pro- 
longed service ? ” 

The top of the moun- Suminus mona. 
tain. 

From day to day. J)i(‘m de die. 

To be brief. Quid plura [<licam] ? 

As far as 1 know. Quod sciam. 

No letter from you. Nulla tua epistola. 

Every tifth year. Quinto quoque anno. 

To make many Multa polliceri. 

promises. 

8kcti )N it. 

Definitions of Grammatical Terms 

A.v/tifh'fon. ^"110 annexing of words without 
a conjunction — e.g.. di, homines (gods and men). 

A'liosiopesis. A sudden stopping on the part 
of tlie speaker, as though unwilling or unable 
to proceed — c.y., iEnoid L, L‘15: 

“ Quos ego — sed viotos prastat componere. 
fluctus'' 

IlendiadffS. The presentation of one and the 
same notion in two expressions — c.f/., “ with 
might and main.” Chlamydem siniisqn€(X\iQ. folds 
of the cloak : literally, the cloak and the folds). 

Enclitic. A word or particle which always 
follows another word, so united to it as to 
seem a part of it — e.gr., -que, -ve. 

Patronymic. A title expressing descent from 
a father or ancestor — e.g., /Xlcides --- son of 
Alceus ; Anchisiades -- son of Anchises. 

Syncope. The shortening of a word by cast- 
ing out an inner vowel ; as, pafri {jniteri). 

Synesis, A construction in harmony with 
the sense rather than with strict syntax — #?.</., 
auheunt jnventus auxilio tnrdi = the young men 
como up slowly to the rescue. Hero mbit and 
tarda would have been strictly needed. 

Crasis, The contraction of two vowels into 
one long vowel or into a diphthong. 

Zeugma, The using of one verb in two different 
senses — Ma, I., 26A:. mores et moenia ponet, 
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Oxymoron. An apparent contradiction in 
terms — e.gr., splendide mendax : insep'iittam se- 
pvJluram (a mockery of burial). 

Periphrastic Conjugation. The participles in 
urns, dns may be conjugated with all the 
tenses of sum — e.g., to form fut. subj. of amo, 
“ amaturus 

Litotes. Lmderstatement, saying less than 
one nujans — c.g., “ a citizen of no mean city,” 
non innoxia verha (deadly words). 

Hysteron-Proternn. The idea, logically second, 
being put first — e.g., moriamur, et in media 
arnui rimrnus. 

Chiasmus. Contrast obtained by reverse 
order — e.g.^ urhi Ccesarem, tirutum Gallice 
(dederiint). 

Anaphora. Repetition of the verb to avoid 
the use of a conjunction — c.r/., Venit et upilio ; 
tardi venere subulci (Virgil, Eclogues X., 19). 

Passage to be rendered into Latin 
A CHARACTER SKETCH. 

He belonged to those thin and pale men, as 
Cicsar names th(‘m, who sleep not in the night 
and who think too much ; before whom the 
most fearless of all hearts has shaken. The 
quiet peacefulness of a faci\ always the same, 
hid a busy, bery soul, which stirred not even 
the veil behind which it worked, and was equally 
inaccessibh; to cunning or love ; and a manifold, 
formidable, never- tiring mind, Huiricicntly soft 
and yielding momentarily to melt into every 
form, but sufficiently proved to lose itself in 
none, and strong enough to bear every cliango 
of fortune. None was a greater master than 
he in seeing through mankind and in winning 
6n hearts ; not that he hit his lips, after the 
manner of the court, confess a bondage to 
which the jwoud h(*art gave the lie ; but because 
he was neither covetous nor extravagant in 
the marks of his favour and esteem, and by a 
prudent economy in those means tlirough which 
one binds men, he multiplied his real store of 
them. Did his mind bear slowly, so were its 
fruits perfect ; did his resolve ripen late, so 
was it firmly and unshakably fulfilled. The 
plan to which he once had paid homage as the 
first, no resistance would tire, no chances 
destroy ; for they had all stood before his soul, 
before they really took place. As much as his 
mind was raised above terror and joy, so much 
w'as it subjected to fear ; but his fear was there 
earlier than the danger, and in the tumult ho 
was tranquil because he had trembled when 
at rest. 

Latin Version of the above Passage. 

Erat profecto e pallidis illis macilentisquo 
viris quos die it Caesar [or, ut Caesar ianum 
illud usurpem] qui insomnia et nimia cogitatione 
exerciti terrorem aliquando vel fortissimis 
incusserunt. Vultui tranquillo et immobili 
suberat acer fervidusque animus, qui ne involu- 
crum quidem sibi operanti quasi praetentum 
commovobat, contra fraudem et studia pariter 
obstinatus : suberat ingenium multiplex, for- 
midulosum, indefossum, ita facile ut nullam 
non Qx tempore formam i^dueret, ita duratum 
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ut nunquam a sua ipsiua natura decederet, ita 
validum ut omnes fortunee vicissitudinca im- 
pune suatineret. Hominum indoles, ut nemo 
alius^ perspiciebat, conciliabat gratiam : quern 
tamen ne putea, urbanorurn more, obaequiuni, 
quod infitiaietur contemptor animus, ore pro- 
fessum esse, sed potiua ofticio8a3 bcnevolentise 
neque parcum neque prodigum, opes, quibus 
devinciuntur homines, caute dispensando 
auxisse. Mens ejus, si tardiorea, porfectos certe 
edebat fructus ; consilia ut serins provenissent, 
constanter tamen et sine vacillatione perageban- 
tur. Propositum, cui semel primas detulisscst, 
nulla vis oppugnantium irangere, nullie vices 
labefactare poterant, quippe quas omnes 
animo jamdudum prspcopisset. Quantum super 
terrores et gaudia elata erat mens ejus, tan turn 
timori erat subjecta : prajveniehat veto timer 
ille periculum, adeo ut qui in trail quillo trepid- 
Stvisset, in trepidatione ceteroium maneret 
tranquillus. — (J. Conington.) 

Section III. TRANSLATION. 

Passage from Virgil’s Eclogues, or 
Pastoral Poems. 

“THE GOLDEN AGE.” 

[Virgil expresses the general hopes of a new 
era of peace, and prosperity in language siiggestive 
of the. return of a bygone age of gold., connecting 
this age with the birth of a hoy expected in this 
yeavy B.c. 40.] 

At tibi prima, puer, nullo munuscula cultu 
Errantes hederas passim cum baccare tellus 
Mixtaquo ridenti colocasia fundet acantho. 
Ipsse lacte domum referent distenta ca]>ellaj 
Ubera, noc magnos metuent armenta leones. 
Ipsa tibi blandos fundent cunabula floros. 
Occidet et serpens, et fallax lierba veneni 
Occidet ; Assyrium vulgo nascctur amomum. 
At simul h<jroum laudes et facta parentis 
Jam legere et qua? sit poteris cognoscere virtus, 
Mollt paulatim tiavescet campus arista, 
Incultisque rubens pendebit sentibus uva, 

Et durae quercus sudabunt roscida mella, 
Panca tamen suberunt priscie vestigia fraudis. 
Qua* tentare Thetim ratibus, qua3 cingere 
muris 

Op, ida, qujB jubeant telluri infindore sulcos. 
Alter erit tumTiphys, et altera qua? vehat Argo 
Delectos heroas ; erunt etiam altera bella, 
Atque iierum ad Trojam magnus mittetur 
Achilles. 

Hinc, ubi jam lirmata virum te feccrit aStas, 
Cedet et ipse mari vector, ncc nautica pinu.s 
Mutabit merces ; omnis feret omnia tellus. 
Non rastros patietur humus, non vinea 
falcem ; 

Robustus quoque jam tauris juga solvet 
arator; 

‘ T YC.K.X Conti iiuod from 

StflMljlLrlort pmcoiSTo 

PARSING 

We have now gone through all the parts of 
speech in detail, and have been “parsing” 
words^ perhaps unconsciously, throughout the 
process. For to “ parse ” a word is simply to 


Nec varlos dlscet meiitiri lana colorc.*^. 

Ipse sed in pratis aries jam suave rubenti 
]\lurice, jam crocco mutabit vellera Into : 
Spontc sua sandy x pascentes vostiet agnos. 

‘ Talia sapcla,’ suis dixerunt, ‘ currito ’ fusis 
Concordes stabili fatorum numine Parcie. 

Translation of tuk above Passage. 

On thee, ehild, the earth shall begin to lavisli 
without aught of tillage lier simple gifts, strag- 
gling ivy twined with foxglove, and Cfdocasia 
(the Egyptian bean) with smiling bear's-foot. 
Of their own accord the shc-goats shall bring 
home their udders swollen with milk, and tlie 
herds shall not dread tlie mighty lions. 1’hy 
very cradle shall pour ‘forth Sowers to caress 
thee. The serpent, too, shall perish ; perisli 
likewise the treacherous poison-plant. Eastern 
spice shall spring up everywhere. But so soon 
as thou shalt be able to learn the exploits o£ 
heroes and the deeds of thy father and what 
their manly virtue is, gradually the plain shall 
turn yellow with waving corn ; on wild brambles 
shall hang the ruddy grape, and sturdy oaks 
exude the dew-born honey. Yet shall there 
luik a few traces of early guile, to bid men 
tempt the sea with barks, gird cities with walls, 
and cleave the earth with furrows. Then shall 
be a second Tiphys (helmsman of the Argo) 
and a second Argo to carry the chosen heroes ; 
there shall be the old wars repeated and a great 
Achille.s sent again to Troy. Next, when thy 
full-grown strength has rnade thee a man, 
even the merchant shall quit the sea, and the 
pine-built ship shall not exchange its wares : 
every land shall bring forth everything. The 
ground shall not endure the hoe, nor the vine- 
yard the pnming-hook : the stout ploughman, 
too, shall now loose his oxen from the yoke. 
Wool shall not learn to assume divers colouis, 
but by Nature’s gift (ipse) the ram in the 
meadows sliall exchange his fleece for sweetly - 
blushing purple and for saflron dye. Of its 
own accord scarlet shall clothe the browsing 
lambs. “ Ages like these, run on ! ” said the 
Parcte to their sfiindles, uttering in concert the 
fixed will of Fate. 

Those desirous of pursuing Latin Prose furtlier 
are recommended to uso Abbott’s “ Latin Prose 
through English Idiom ” ; “ Arnold’s Latin 

Prose Composition,” by Bradley ; and “ Trans- 
lations,” by Me.ssr8. Jebb, Jackson, and Currey 
(George Bell and Sons), to all of which books, 
with the addition of Roby’s Latin Grammar 
and the Public School Latin Primer, the writer 
wishes to acknowledge his indebtedness. 

We now pass to a subject which requires a very 
careful study of Latin quantities — the making 
of Latin verse. 

Continued 

By Gerald K. Hibbert, M.A. I 


say to what part of speech it belongs, and how 
it is related to other words in the same 
sentence. 

Parsing Scheme. 1. Noun. Give (1) 
general class— proper, common, abstract, 
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colloctivo ; (2) gender ; (3) number ; (4) case ; 
(5) reason for the case. 

2. Adjective. .Give (1) class, whether of 

quality, quantity, or relation ; (2) degree, 

whether positive, comparative or superlative ; 
(3) its qualification of the substantive. If the 
adjective in question is pronominal — i.e., also 
used as a pronoun — state this in parsing it. 

3. Pronoun. Give (1) class, (2) gender (if 
possible), (3) number, (4) case, with reasons 
for the number and the case. 

4. Verb. If a finite verb, give (1) voice, 

(2) mood, (3) tense, (4) numlxT, (5) person, and 
the subject with which it agrees. 

If an infinitive or gerund, l»ive (1) voice, (2) 
tense, (3) case, with a reason for the case. 

If a participle, give (1) voice, (2) tense, (3) 
number, (4) case, and the substantive with 
which it agrees. 

In all moods, say whether the verbis transitive 
or intransitive, whether of weak conjugation or 
of strong, and give the principal parts of the 
verb — i.f., })ri‘scnt indicative, past indicative, 
and past participle. 

5. Adverb. Give (1) class, (2) degree, 

(3) what it qualifies. 

6. Preposition. State what it governs. 

7. Conjunction, (five its class, and say 
what sentences or words it connects. 

Example of Parsing. 

“ But then the mind much sufferance doth 
o'erskip, 

When grief hath mates, and bearing fellowshij) ” 

(“Kin' J.icar.“) 
But. Co-ordinative conjunction, connecting 
this sentence with what has gone before. 

Then. Adverb of time, modifying “doth 
o’erskip.” 

'The. Denemstrativo adjective, pointing out 
“ miiuf “ (.sometimes called definite ailicle). 


Doth o'er ship. Verb, transitive, weak con* 
jugat on, active, indicative, j)resent, singular, 
third person, agreeing with its subject “ mind,” 
from o'er skip, o'er skipped, o'er skipped. 

When. Relative adverb (or conjunctive ad- 
verb) of time, modifying “hath.” 

Grief. Abstract noun, neuter, singular, nomi- 
native, because subject to “ hath.” 

Hath. Verb, notional (not auxiliary here), 
transitive, weak, active, indicative, present, 
singular, third pei*son, agreeing with its subject 
“ grief,” from have, had, had. 

Mates. Common noun, common gender, 
plural, objective after “ hath.” 

And. Co-ordinative conjunction, joining I he 
two sentences “ Grief hath mates,” and “ Bear- 
ing (hath) fellow.ship.” 

Bearing. Abstract noun, neiitcT, singular, 
nominative, subject to “ hath ” understood 

Fellowship. Abstract noun, neuU^r, singular, 
objective after “ hath ” understood. 

N B. Parse compound tenses of a verb — e.g., 
have been, shall be leaving, all as one word. We 
could, of course, split them up and parse the 
words separately, but tlu^re is no need to do this. 

ANALYSIS 

Complex Sentences. The method of 
analysing simpk^ simtcuices was given on page 788. 
When w(i arialys(‘ a complex senUuice, we first 
pick out the principal clause, and insert the 
subordinate clauses as parts of the principal 
clause. Then we analyse the different subordi- 
nate clauses, omitting the connecting words. 

For c.xainple : 

“ There is some soul of goodness in things evil 

Would men observingly distil it out.” 

The principal clause is “ There is some soul 
of goodness in things cwil,” and the subordinate 
clause “(If) miui wT)uld observingly distil it out.” 


WiTB JKOT. 

Limitation of 
Subject. 

Predicate. | 

LlMlTATlOxN OF 

Predicate. 

Object. 

soul 

(a) some 

{b) of goodness 

is 

[а) in things evil 

(б) would men obser- 
vingly distil it out 

— 

mi‘n 


would 

distil 

(«) observingly 
(6) out 

it 


Mind. Abstract noun, neuter, singular, nomi- 
native because subject of “ doth o’erskip.” 

Much. Adjective of quantity, positive, 
qualifying with “ sufferance.” 

\Snfferance. Abstract noun, neuter, singular, 
objective, governed by “doth o’erskip.” 


Ag n ; 

“ If you catch him when you reach home, 
give him the message which I will give you now.” 

The principal clause is “ give him the mes- 
sage ” ; the other three clauses are subordi- 
nate. 


1 • Principal Clause 


1 

Subject, j 

Limitation of 
Subject. 

Predicate- 

Limitation of 
Predicate. 

Object. 

Limitation of 
Object. 

(you) 


give 

{a) him 

(6) if you catch 
him when you 
reach homo 

message 

(а) the ‘ 

(б) which I will 
give you now 
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2. Subordinate Clauses 

you 

(a) If you catch him when you reach home. 

1 I catch 1 when you I him I 

1 1 1 reach home | | 

. 

you 1 

(/>) When you reach home. 

1 1 reach | homo | 

1 



■ 1 

(r) W hich I will give you now. 

1 1 will give 1 (a) You I 

■ 1 1 (b) now 1 

1 which j 

— 


Classification of Clauses. As has Ix^en 
mentioned previously, there are three kinds of 
clauses : 

1. Clauses that play the part of a substantive 
in relation to some part of the sentence — ».e., 
S'lihstantival clauses. 

2. Clauses that play the part of an adjective 
in relation to some i)art of the sentence — t.e., 
Adjectnxil clauses. 

3. Clauses that play the part of an adverb in 
relation to some part of the sentence — 
Adverbial clauses. 

Examples. Substantival : “ We know that 
you are wron^ ” (this clause is the object of 
“ know ”) ; “ If /ten the election will cmne is 
uncertain ” (this clause is the subject of “ is”). 

Adjectival; “ Give me the portion of goods 
that falleth tome^^ (qualifies “portion ”); “That 
is thes)X>t where Nelson fell ” (qualifies “ spot ”). 
Similarly with all clauses thus introduced by a 
relative pronoun (expressed or understood) or 
a relative adverb. Care must be taken, however, 
to distinguish such clauses from clauses involving 


an indirect question — as: “ Tell me ic/tcrc Nelson 
fell,^* “ I a.sked where I was^^' “ I know why 
you have come.''* In these sentences the depen- 
dent. elau8e.s are substantival, representing 
substantives ; there is no antecedent to whicli 
they can relate. 

Adverbial ; “ lie died while I was standing 
by ” (qualifying “ died ’*) ; “ We love Him 

because He first loved us" (modifying “ love ”) ; 
“ Do as I tell you ” (modifying “ do ”). 

Exercise. 

Classify the subordinate clauses in the 
following extract from Scott’s “ Lay of the Last 
Minstrel,” and parse the words in italics. 

“ But whc;n he reached the hall of state. 
Where she and all her ladies sate. 

Perchance he wished the boon denied j 
For, when to tunci his harp he tried. 

His trembling hand had lost the ease 
Which marks security to please.” 

We conclude this course with a brief survey of 
the history of the English language. 


FRENCH 


By Louis A. Barbe. B.A. 


NUMERALS 


1. Cardinal Numbers 


X. The cardinal numbers {adjectifs numcraux 
cardinaux) are ; 


0, zei » 

1 un 

2, deux 

3, trois 

4, quatro 

5, oinq 

6, six 

7, sept 

8, huit 

9, neuf ' 

10, dix 

11, onze 

12, douze 

13, troize 

14, quatorze 

15, quinze 

16, seize 

17, diX'Sept 
IS, dix-huit 
10, dix-neol 
20, yingt 


21, vingt et un 

22, vingt -deux 

23, vingt-trois, eto. 

30, trente 

31, trente ct un 

32, trente-deux 

33, trente-trois, eto. 

40, quaranto 

41, quarante et un 

42, quarante-deux 

43, quarante-irois, eto. 
60, cinquante 

51, cinquante et un 

52, oinquante-doux 

53, cinquante- trois, eto. 

60, soixante 

61, soixante et un 

62, soixante*deux 

63, soixante-trois 

64, soixante- quatre 
65^ soixante-oinq 


66, soixante-six 

67, soixante -sept 

68, Boixante-huit 

69, soixantc-neuf 

70, soixante-dix 

71, soixante et onze 

72, soixanto-douze 

73, soixante-troize 

74, soixante- quatorze 

75, soixante- quinze 

76, Boixante-seizo 

77, soixante-dix-sept 

78, soixanto-dix-huit 

79, soixante -dix- neuf 

80, quatre-vingts 


89, quatre-vingt-neuf 

90, quatre-vingt-dix 

91, quat re- vingt -onze 

92, quatre-vingt-douzo 

93, quatre- vingt- treizo 
04, quatre-vingt- 

quatorze 

95, quatre-vingt-quinzo 

96, quatre-vingt-seize 

97, quatre- vingt-dix- 

sept 

98, quatre-vingt-dix- 

hiiit 

99, quatre- vingt-dix- 

ncuf 

100, cent 

101, cent un 
200, deux cents 


81, quatre- vingt-un 

82, quatre-vingt-doux 

83, quatre-vingt-troia 

84, quatre- vingt-quatre 201, deux cent un 

85, quatre-vingt-cinq 1,000, mille 

86, quatre-vingt-six 
.87, quatre-vingt-sept 
88, quatre-vingt-huit 

2. The old forms 


1.000. 000, un million 

1.000. 000.000, un mil- 
liard 

for 70, 80, 90, septante, 
octants^ nonante, are seldom, seen in print, but 
may oocasionally bo heard. Their derivatives : 
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seplvagenaire, octogenaire^ nonagenaire are still 
in common use to designate person** 70, 80, or 
90 years of age. For noixante the corresponding 
form is sexagenaire. 

3. The conjunction et is used in the first 
number of every new decade from vingt et un, 
21, to soixanle. h onze, 71. It is not used after 
cent, hundrtd ; cent cinq, 105 ; cent vingt, 1*20 ; 
but by some it is again used after mille, 1,000: les 
Mille et une Nuits, the Thousand and One Nights. 

4. No preposition must be placed between 
the cardinal number and ta noun ; but de 
required after million and milliard, which are 
really nouns : Deux mUliom de francs. For 
this reason they have un before them when used 
in the singular, and they take s when in the 
plural. Cent and mille are occasionally used as 
nouns of mefisurcs and then follow the same 
rule : deux cents de jHnrcs, im mille de. fagots. 

5. Vingt, twenty, and cent, hundred, take h 
when they are multiplied by a number, but not 
followed by one. As regards vingt, s occurs 
in the one numl>or 80 only : quatre -vingt s, deux 
cents \ but quaire-vingt-un, deux cent deux. 

6. When vingt and cent are used as ordinal 
numbers, or when they occur in dates, they do 
not take s : Van quatre-vingt, the year 80 ; Faji 
hiiit cent, the year 800 ; page quatre-vingt, page 
80 ; page deux cent, page 200. 

7. When the word thousand occurs in a date 
of the Christian era, and is followed bj anotlu*r 
number, it is written mil ; mil neuf cent cinq, 
1905 ; but Van mille, the year 1000. 

8. The cardinal numbers, atul not the ordinal 
as in English, ar<.'» used to indicate the order of 
succession of soverengns and the days of the 
month, after the tint ; Charles deux, Henri 
quatre. It trente juillet, le quinze novemhre. In 
indicating the order of sovereigns, no article is 
used before the numeral. In indic.ating the day 
of the month, an article is used before the 
numeral, hut no preposition after it. 

9. In dating letters, figures arc commordy 
used. The use of the article before them is 
optional. Sonuitimes ce (this) is used. 'Phus ; 

liondon. May 28th: Land res, 2S tnai. Londres, 
le 28 mai. Londres, ce *28 niai. 

10. In indicating the hour of the day, 

twelve ” is not used. Midi (midday), and 

minuit (midnight) are used instead. 

11. In multiplying and adding, the verb faire 
(to make) is used instead of “ to be.’* 

Deux fois deux font quatre. 

TVice (two times) two are four. 

Netif et sept font seize. 

^ Nine and sev(m are sixteen. 

II. Ordinal Numbers 

1. The ordinal numbers (adjectifs numeraux 
ordinaux) arc formed from the cardinals by 
adding idme : trnisiDue, third ; huitieme, eighth. 

2. If the cardinal number ends in e, that e 
is on^itted. The s of quatre-vingts is also 
dropped, quatri^/me, 4th ; onzibne, 11th ; quatre- 
vingtikme, 80th. 

3. “ First ” is memier ; but the regular form, 
unihne is used for the first of every decade 
from 21st to 61st, and also after and mille. 


Vtngt et anieme, trente et unitme, cent et nni^Me, 
mille et unieme. 

4. “ Second ” has the two forms second, 
(fern, seconde) and deuxieme. Second is used of 
the secx>nd of two, deuxieme of the second in a 
longer series. 

5. In “ fifth ” the u w^hich is the only vowel 
that can follow q is inserted : cinqui^me. 

6. In “ninth,” the final / of neuf is changed 
into V : neuvieme. 

7. Premier is used for “ first” in indicating the 
order of sovereigns and the day of the month : 
Charles premier, le premier janvier ; but le vingt 
et un juillet, le trente et un aoilt. 

8. A special ordinal, le quanlihne (literally, 
the how -manieth^') is u.sed for “ the day 
of tile month ” ; thus : Quel est le quantieme ? 
What day of the month is it ? 

III. Fractions 

1. Tlio ordinal numbers are used as fractions, 

except in the ease of J, Thus : 

un sixieme, ; deux cinquiemes, V. 

2. “Half” is demi. It is masculine as an 
arithmetical value. When preceding a noun 
it is joined to it by a hyplien, and is invariable : 
■u 7 iede/ni houteilte,hiilf-a-hotile. When it follows 
the noun it agrees with it in gender : une 
houteille et demic. a bottlc! and a half ; trois 
heures et demie, three lioiirs and a half. As a 
noun, “ half ” is moitie. : la moitie de la nuit. 

3. The “ thirds ” are un tiers, deux tiers ; 
the “ quarters ” are un quart, trois quarts. 

Kxkiuusk Xir. 

1. Write out in French: 3, 5, 7, 11, 1*2, 15, 
19, 21, 22, 30, 31, 44, 55, 58, 60, 69, 70, 71, 80, 
89,91,99, 100, 210, 350, 789, 911, 999, 1,234. 

2. (tive French for: 1st, 2nd, (two ways), 4th, 
5th, 9th, 20th, 21st,3*2nd, 4r)th, 5lst, 66th, 70th, 
71st, 80th, 81st, 89th, 90th, 91st, 99th. lOOth. 

3. 1 and 1 are 2, and 2 ari^ 4, and 4 are 8, 
and 8 are 10, and 16 are 32, and 32 are 64, 
and 64 are 1*28. 

4. Twice 1 ar(5 2 ; 3 times 2 are 6 ; 4 times 
C are 24 ; 5 times 24 are 1 20. 

5. The minute contains (cx)ntient)io[} seconds. 

6. The second is the 60th part (partie) of a 
minute. 

7. (The) light takes {cmploie) 8 minutes 13 
sccoiuis to come (venir) from the sun. 

8. In an hour there are 60 minutes. 

9. The day is a period (e5/jare,m.) of 24 hours. 

10. From midnight to midday there are 12 
hours. 

11. The year is composed of 365 days and a 
quarter. 

12. The week (semaine, f.) has 7 days ; the 
month has mmeiimos (quelquefois) 31 days, some- 
times 30 days, and sometimes 28 only (senlement). 

13. The month of February, the second 
month of the year, has 28 days. 

14. The year begins (on) the 1st of January ; 
it finishes (finit) on the Slst of December. 

15. The month of December is the last month 
of the year. 

16. The feast of Christmas falls always (on) 
the 25th of December. 
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XVIII. In the ^^trono (Conjugation of 
Verbs [see X.] the characteristic features are 
the formation of the imperfect by cJuinging the 
stem-vowel, and of the past participle by the 
suffix -cu or -n with or without change of the 
stem- vowel, and with or without the prefix gc- 
[see XIV.]. The stem- vowel is also changed or 
modified in some cases of the present indimtive 
and in the imperfect conjimetive, 

1. The present tense of the verb fd>rcibfiU to 
write, may f erve as .an example for the inHection.s 
of the strong verb. 

Indicati ve Conjunctive 

Sing. 1. id) fd)rcib-c I write id) fd)Vfib-e 

2. bu fd)rcib-(c)it thou writest bu fd)vcib-cll 

3. ev f(^vdb-(c)t he writes cr fd)vcib-f 
Plur. 1. nur fd)rcib-cii wo write n'ir fdjrcib-m 

2. il)v fd)rcib-ct you writ-e i()r fd)rcib-ft 

.3. fie fd)vcib-en they write fie |‘d)rcib-cii 

In the conjunctive the floctive c can never be 
dropped; it is also better to retain it in the 
second person indicative of verbs with stems 
ending in hissing sounds: fd), where the 

omission' would cause h.arshness — for inst<ance: 
tu fdnef; eft, thou sliootest, and so on. Tn some 
of those verbs 6o//i forms are used, as: J. id> 
rn^effe, I forget ; 2. bii vcnpiT-cfi, tu vmpg t, and 
so on. 

2. The majority of verbs with the stem- 
vowel a, an, and some with o (a) modify it, and 
others (6) change the stera-vowol c into i or ic 
in the second and third person singular of the 
indicative, and cast off the fiectiye c. 

Examples: (a) 1. id) i 3 rvibc, T dig; 2. tu ittabfl; 
3. n 3 vabt. 1. id) fauge, I catch; 2. bu fdu^ft; 
3. er’famtt. 1. id) laufc, Iron; 2. bu Iciufjl; 3. cr 
lauff, etc. (6) 1. id) fcd)tc, T fence; 2. bii fid)ft; 
3. fv fid)t. 1. id^ iVbf, I give; 2. bu flicbft ; 3. cr ^iebt. 

(The conjunctive remains unaltered: 1. id) 
ipabc ; 2. bu jpabeji ; 3. cv vpabc, and so on.) 

3. Several of the verbs mentioned in 2, with 
stems ending in t, tb, and t, drop not only the 
flective c, but also the t of the inflection of the 
third person singular indicative: 1. id) latbc, 
I advise ; 2. bu vatb(c)ft; 3. cv Vvitb, and so on. 


Infinitive. 

To (a) belong: bcv^inn-cn, to begin 
bffiuu-cu, to reflect 
^dt-cii, to be worth 
^cuMUU-cu, to win 
h'iuu-cu, to spin 
f^trimm-cu, to swim 
tinn-cn to flow 
bcfcf)l-cu, to command 
emvfcl)t-cu, to recommend 
flcl)l-cn, to steal 
fd)clt-cn, to scold 
(exception) thb-Gb to stand 
to (b) belong: l)clf-cu, to help 
(Icvb-cii, to die 
t)crbcvb-€U, to spoil 
t\^etb-en, to enlist 
U)crb-en, to become 
ttxrf-en, to throw 


. KONODY and Dr. OSTEN 

4. Tile imperative of the strong verbs is fornii'tl 
as ill the weak conjugation [soii XIV. 3| : 
2nd per. sing. bUib(c)! stay, remain! 2nd per. 
sing, fc^vcib! write! Civil address: blcibcu ^£ic! 
stay! fd)rcibcii ^ie! write! 

The verbs with the stem-vow'cl c change it in 
tho singular into ior ic without suffix: fc4)t*cn, to 
fence, TlI)! ' A^b cu, to give, vpeb! effa’U, to eat, 1(5! 
.aiuj so on. The circumscribed forms of the iin- 
per.aiive are formed as in the weak conjugation 
[see XIV. 4. o]. 

XIX. Tho Imperfect Inpi(\mtve of the 
strong veihs is formed by changing the vowel 
in all person.s and numbers ; a furllier cliango 
of the chiDiged vowel takes place in the pa.sfc 
paiticiple. The third person singular of the 
imperfect indicative takes no inflection, and 
the second person takes the inflection -eft (after 
hissing soimd.s) or ft : bhif-cn, to blow, 2nd pors. 
sing, bu blief-eft, thou blewcst; but: bleib-cn, 2nd 
pern. sing, bu blicb-jl. The inflections of the plural 
(1. -cn, 2. -ct, 3. -cn) are to bo seen below in the 
conjugation of tho imperfect of fiiuvcu, to sing, 
which belongs to the group of verbs that change 
thoiv vowel -t- in the imperfect into -a-, and 
change it further into -u- in tho past participle 
with the suffix -cu and the usual prefix yp-. The 
present, imperfect, and past participle of fiu^cii 
are: pres.: (id)) fiuyvc; t?np.: (Up) faiuj; p. past: 
jc-fuuyvcu. 

Imperfect 

Indicative Conj unefive 

Sing. 1. id) faiiy^, 1 sang ijd) fauyVf 

2. bu faiuvft * bu 

3. cv fau 3 cr fan^-c 

Plur. 1. U'ir forupeu unv faiupcn 

2. il)v faiuv(c)t i()v fauyvet 

3. f-c fvuiyvfu (ic fauipcu 

1. In the Conjunctive the verlis modify tin? 
vowels (a, v, ii, or an) of the imperfect indicative, 
and take the same suffixes as the present fen.se 
of the conjumdive fsee (‘xample and XVIII]. 
)S )me verbs with tho imperfect vowel a are 
(a) alternately used with the modified i\ and e, 
and others (h) take the modification ii instead of 
d. The form with d in group (a) is usually not 
Imperfect 


J iidicalive 

Conjunctive 

id) bcyvuin 

ill' Ivyvnin-c or bcyphiu-e 

„ bciaun 

„ bcfdun-c or befcnu-c 

(Vilt 

„ yvfihc or i^iHt-c 

„ yVdlHUm 

„ 3ctrduu-c or y(cU)eun-c 

„ i>Jun 

„ fvduu-c or fpium-c 

„ fd)U>vnnttt 

„ fd)irdmui-c or fd^^riuum- 

„ vauu 

„ vdiui-e or vcuu-c 

„ bcfal)t 

„ bi'fdf)(-c or bcfbf)f-e 

„ ciuvfal)t 

„ cmvfdl)(-c or cmvfb()(-e 

„ 

„ ftv\bl-c or ftid)(-e 

„ fcbalt 

„ fd'dlt-e or ftf)cft-e 

„ flaiib 

„ ftdiib-e or ftfuiD-c 

„ half 

id) f)fdf-e 

„ (lavb 

„ (luvb-e 

„ Dcrbarb 

,, \)crbuvb-e 

„ tvarb 

„ wutb-t 

„ mrb 

„ tpfivb-e 

„ iparf 

ir*iitf-e 
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employed where, in the pronunciation, the 
phonetic similarity of the imperfect conjunctive 
with other tenses of the same verb might lead 
to confusion, as in id? cnivfa()lf, flaljlc, 

which sound similar to id; 
fd)cltc. For the same reason the form with a has 
been entirely abandoned in group (6). 

2. Verbs which juimit of wo Truxiification of 
the changed indicative vowel in the conjunctive 
fonu tills tense by the suffixes shown in the 
conjugational example of XIX. 

Kxami’LEs: fd'Ycibcii, imperfect indicative id) 
fcbvitb (io.not modifiable); impcTfeot conjunctive 
idi fd)ricb-e, etc. ; bcijcit, to bite, imperfect indi- 
cative id) bif; (i not modifiable) ; imperfeet con- 
junctive id> biff-c. 

Where the modified conjunctive vow'el coin- 
cides with another tense, it is host to use the 
firs' conditiomd [see page fial] in the jilace 
of tile imperfect conjunctive — e.//, in the 
verb |'f(uvbi-cn, to vow [imperfect indicative id) 
filuvcr (or fd)U'ur)] ; the imperfect conjunctive, 
with modification of the vowel, id) |d)Ua'r-c (or 
id) fd>UMir-c) coincides with the present indicative. 
1. id) fdmuh -c ; 2. tii fd?nHn -ft,etc. The employment 
of the first conditional „id) unlvfcc fdnriTcu" [infini- 
tive of the verb and imperfect conjunctive of 
the auxiliary verb rU'crDcii") [see jiago (i51] 
prevents iiiisiindeistaiiding. 

XX. The Ai)VERB.s are not, of course, subject 
to inflection by ilcclcnsion or conjugation. 

Adverbs of place: l)ier, Da, hero ; tort, ba, there; 
eben, above; uiitcu, below: bovn, in front, before; 
l)[ntcn, behind, after; inucii, within; aiipcn, out, 
without ; fevt, away, forth ; aw'ay, off ; 

bfvaiiy, out; l)itt'ciii, in, into; V)or'n>artiS«, forward, 
on ; vud:'uuut<^, backwards . 

Adverbs of time ; \\\\\\\i ? when ? bami, then ; 

now; feebeu, just now; ben'tf, to-day; ^f'ftcrn, 
yesterday ; finft, once ; ba'iiuilci, then, at that time ; 
iiiimcY, flcrd, always, ever ; fcltcii, rarely ; uic, nic'mati^, 
never; pnvci'lcii, sometimes; fd)on, already ; lU'd), 
still, yet; bioraitf, hereon, hereupon: mni, now, 
at present. 

Adverbs of manner ^ degree^ quality, affirmation, 
negation, like : fo, so, thus ; fd)i*, very ; pemlid), 
tolerably, pretty; little, few ; ntcijl, niciftciu^ 

most, mostly; mufouft', in vain; fcv'ucr, further- 
more, besides ; fall, bciiKVf)f, almost, nearly ; faiim, 
scarcely; quite; niir, only, but; aUcrblmv’', 
surely,* certainly; fciiubfaflet, by no 

means; ificUoid^r', perhaps; uiU 3 cfaf)r, about; 
jvi, yes; iicin, no; ind)t, not. 

Adverbs of cause: bavum, bco^alb, therefore; 
fclv^'lid), consequently; alfo, thus; bal)fv', thence; 
U'arum', U'cpi'? why? 

1. Nearly all adjectives can be used adverbially 
Without undergoing any change of form. In 
the sentence ; X'cv Wdrtnev ijl fief Jii^ (the gardener 
is diligent) the adjective qualifies the 

substantive ; whilst in ber OJdrtiicr a r b e i t c t 
(the gardener works diligently), it modifies as 
adverb the action expressed by the verb. 

Some adverbs and adverbial denotations are 
formed from substantives, adjectives, and verbs 
by the suffixes - 6 , -ft, diiigtf, etc, ; (abenb 
orb^9(bmb^ in the evening, of an evening; 


wovfteud, in the morning; jung ft, lately; freilid^, 
certainly, indeed ; .ncu lid), recently; bc^veif I i , 
conceivably; uicud)lin 90 , treacherously; bliub= 
blindly; etc.), or by connection with 
f>repositions. 

2 If a sentence opens with an adverb, the 
normal position of the finite verb is changed — 
the verb in this case must precede the subject. 
Examples; id) bin l)icr (I am here), but l)icr bin 
id) ; cv fcmnit uic (he never comes), but uic femmt 
er; ber Oidrtnev avbcifcf ftei^iv^, but flei^i^ avbcitet. 
bov (Mdrtncv. It will be seen that verb and 
subject are hero in the same relative position as 
in the interrogative form [see IX.]. 

3. Some adverbs admit the use of the com- 
parative and superlative, like the adjectives, 
but the formation of the adverbial superlative 
differs from the superlative in adjectives, as will 
be seen later. 

Kxehcise 1 : Fill in the missing vcrb.s with 
their coriect personal term i nations. Strong 
verbs used in this Exercise (the imper- 
fect vowel in brackets) ; bcif»en (i), to bite ; 
bi'tviu^cu (o), to cheat; InuDcii (a), to bind; ftcbcn (a), 
to give ; fal)vcn (u), to drive; fd'lafcn (ic), to sleep; 
taufcii (ic), to run; fidfen (a), to help; rufen (ic), 
to call; fcd'tcu (o), to fight; ^^rabi’U (u), to dig; 
flicfifu (o), to escape. 

.^>mib ; cv . . . . fciiKu ^'>cirn. T'lt 

'The (log bites;. he bit his master. Thou cheatesfc 

bid)fdbft: ^ic mid). 'IHumcu; 

thyself ; you cheated me. Thou bindest flowers ; 

bat^aJJabebeu .... cincu .ftvant ; ber d^evtvav^ .... it)ti. 
the girl bound a wreath ; the agreement binds him. 

if)m (>lclD, nub cr fert; 

I gave him money, and he drove away; 

id) uidHci; bn miv bai3 *0lclb, 

I give nothing ; thou givest me the money, 

nub cv bir ben a>cvriMrt- 'IlHv 

and ho givo.s thee the agreement. We drove 

fort unb ; il)v il)U, abev cv ; 

away and slept; you called him. but ho slept; 

DU Dorpu-^lid). r)d) . . . unb cr . . . . 

thou sloepcst excellently. 1 drove and he ran 

fevf. T'u mid). 'UUr tie 

away. Thou scoldest me. Wo bound the 

'.IMumen nub il)r nm, 3Bir cud) 9lflc^, 

flowers and you helped us. Wo gave you all, 

bod) ibr iiuet uid)tiiS; <Sic mab^enb 

but you gave us nothing ; you fought, whilst 

— (S:r ..... mir unb bann fort; 

I slept. lie helped mo and then drove away ; 

bn (pit; cr oor^uglid); 

thou tightest well; ho fights excellently; 

ibc ... tavfcr. Cfr mit(3) i()m 

you {pi.) fight bravely. He drives with him 

unb bcii (SJavtner; fte wit ibm; 

and calls tJie gardener ; she escaped with him ; 

^ic ben (Partner unb i^m C%lb; 

you called the gardener and gave him money ; 

it)vem SDlannc; ftc einanbn*,*. 

she helps her husband; they help ono another, 

er mir...., 

y:9« (P?*) sleep, thou drivest, he runs, we dig. 
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GROUP 22-DRESS AND HOUSEKEEPING * THE WOMAN AT HOME-CHAPTER 13 


Essential Qualifications of a Good Milliner. The Apprentice. 

Importance of Suiting a Customer’s Style. Stitches and Accessories. 

MILLINERY 

M illinery is essentially a woman's profes- how to dress ean be laid do^vn, but an 

sion, but to be successful she must have a important point to remember is that in choosing 

light and delicate touch, acK*uracy and neatness, a hat or toque it is not only well to decide witli 

good taste in blending colours, a correct eye, what costume it will be worn, but, if possible, 

judgment in adapting the stylo to the wearer. to try it on when wearing the dress. It vail 

and a liking for working with dainty and pretty avoid possible disappointment, as that which 

materials. Few tools are needed. looks well and in perfect style with a tailor- 

There are two seasons in the millinery trade, made (‘ostume may look small and insignificant 

spring and autumn, with six to eight slack wt*eks when worn with an elaborately trimmed dress 

in the summer and winter — July and August, or big furs. 

and December and January. Hair-dressing and Millinery. The 

The Apprentice. A girl of about 16, way in which the liair is dressed is another 

wishing to become a milliner, is usually appren- consideration in the choosing of headgear. The 

ticed. The period is two years, in the second of most fashionable headgear is modelled on the 

which she receives about half-a-crown a week way the hair is dressed at the moment ; thus, 

pocket-money. In some houses a premium if the hair is worn low down at tlio neck, the 

is asked ; others take girls wiihout a pr(;mium, brims will be long at the back. When the hair 

but through introduction. The girl is taken is worn at tlie top of the licad, a short brim at 

on approbation for some weeks to .see if she the btick with high erow'n, or a low erowm 

has the necessary qualifications. At the end and bandeau, looks best. For hair worn rolled 

of the two years, if she has given satisffwdion, batJc from the ftit^e, a turned up brim in front 

she is usually taken on as improver, with a weekly is most suitahliL 

.salary starting generally at about 15s. a week. Thin faces should have the hair dressed loo.sely 
In th(^ slack time some houses work their ap- over the temples, and a soft-looking edge to hat or 

prenlie-os half time, or give them a holiday full front to a bonnet. When no fringe is worn 

till the next, season opens. and the hair brushed smootlily back, a bonnet 

The head assistants and hetwi milliners are w ith rucked edge, or a brimmed hat, will be the 

engaged by the year, with salari(*s varying best style to adopt.. Hair dre.ssed in coils 

betwtxiii two and five guineas a week. and plaits at the back usually requires a largo 

It is well for a girl to be apprenticed to headline, (^oils and plaits round the front 

a small business, although it should be a first- require the headline cut rather wide there, 
class one, as she will then have a good oppor- Large picture hats look well on tall people, 
tunity of seeing all kinds of work done. In the though they may be w^orn l)y persons of small 

larger houses the work is divided up into dilTerent stature if trimnu*d very liglitJy. A hat should 

.branches, one room being set aside for making /t\ never be ovei* trimmed, 

hats, another for toques and bonnets, and so A full face needs a broad 

on. An apprentice will never regret the time ^ trimmed hat. 

spent in matehing — that is, obtaining from the A long face looks best in a 

warehouses patterns of silks, velvets, ribbons, ^ brimmed hat , trimmed broad and 

etc., which tone exactly with a particular worn over tlie fiKu,\ Higli trim- 

paiton. Until one has tried, it is diflicult to /y \\ mings, which lengtlKm the face, 

realise how difficult some colours are to blc»nd. // \\ shoulcj be avoided. Broiul toqu<*s, 

Advising a Customer. A milliner who If \\ fitting well on the head, may bo 

thoroughly understands her work is able to [/ | Avorn. 

advise her customers whicli of the many pre- \l jj The most becoming hat for a 

vailing styles suits her, and a good business ^ fl round face is a round hat with an 

woman is sure to be a success. I equal brim all round, except at the 

Though the fashions change so rapidly many of wire nippers **^^'*^ worn tilted slightly off 

the principles never change, and, when mastered, ^ ' ‘ the face in the front. No very small 

the worker Avill find herself able to adapt them hats or toques are becoming to this style of face, 
to prevailing ftishions. Drooping brims of the flop and mushroom 

The importance of wearing what is really be- t 3 q)e are not becoming to people post their 
coming without considering whether it is the youth, as they cast a shadoAV on the face. They 
latest fashion or not cannot be over-estimated, arc best suited to young, round faces. 

A clever milliner’s aim is to adapt the prevailing Brims turned up in front can be worn by small 
fashions to suit the face. round and oval faces. 

Modern styles are so elastic that it is per- Let your customer wear the colours that suit 
fectly easy to be well dressed. No rules on. her. Do not advise her to wear a colour that 

DRESSMAKING, MILLINERY, TAILORING, DOMESTIC MANAGEMENT,COOKERY, LAUNDRY 
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does not match her complexion, hair and eyes, 
no matter how fashionable. 

The blonde may wear delicate shades of blue, 
pink, and green. 

The brunette looks well in deeper and richer 
colours. 

The choice of shades depends greatly on the 
complexion, as the colbur may suit the hair 
but not the skin. 

White is very becoming to fresh and rosy 
skins, but should be avoided by those with pale 
and sallow complexions. 

Black is not becoming to pale and sallow com- 
plexions, unkiSs combined with lace and a colour 
in the trimming. It looks w’ell on fair people 
with a little colour in the face. 

Requisites. We must now consider a 
milliner^s “ tools.’* 


Gum or Gum Labels. 

Tissue Paper. 

Bowl and Damping Rags. For steaming and 
pressing. 

Notebook and Pencil. For writing down 
measurements. 

French “ Doll’s Head.** Used for cap- 
stand. 

Block for Shaping Crowns. 

Kilting Machine. 

Accordion Pleating Machine. 

Pinking Machine. 

Velvet Brush. 

Stitches. The following are the stitches used 
in millinery : 

Running. Pass the needle and cotton in 
and out of the material at equal distances. 
The stitch ay)pear.s the same on both sides. Us(h1 



2. liiinninK 3. My running 4. Back stitching 6. Djug hack stitching 6. Slip stitching 7. Slip. Innnining s elva 
hemming 9. ire stitching 10. (hitheriiig 11. Shirring 12. Tacking 13. Tacking for crape 14. Hasting 16. Lacing 
stitch 16. Catch stitch 17. Straight hamleau 18. Oversewing 19. Whipping 20. Tie stitch 21. Stab stitch 


Millinery Wire Nippers. Price Is. to 2s. 6d. ; 
the latter are made of ]i]ngli.sh steel. They must 
he light, small, and with broad noses [1], 

Needles. Ptu*ket of straw needles, mixed, 
sizes, 5, 6, 8. Price Id. No. 5 for wiring, and 
No. 8 for liemming. 

Steel Pins. For pinning silk, velvet, etc. 

Lillikins. For pinning velvet edges, joining 
laces, etc. 

^ Thimble. 

Scissors. About 7 in. long, with sharp points. 

Tape Measure. Dean’s arc the best. 

Sewing Cotton. Fine and coarse, white and 
block, No. 10 for sewing on trimmings. 

Sewing Machine. 

Flat Irons. No. 2 and No. 8, for pressing 
straw and steaming velvet, etc. 

Ironing Blanket. For pressing. 

Pocket-knife. For rippmg fur. 
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for making the hem of head-linings, and joining 
two parts together where, no great strength is 
needed [2]. 

Fly.runnin(3. Place the needle in the 
material and hold it lightly, close to the point, 
Avith the right thumb and forefing.^r. The 
thimble should propel the needle. The left hand 
holds taut the material, which is pushed on 
the needle by the left thumb and forefinger. 
As the needle fills with material, push it off 
from the eye end. The needle is not drawn 
through until the whole length is gathered 
For long lengths, thread the needle from 
the reel of cotton or silk, which will prevent 
it knotting [3]. It is a rapid way of run- 
ning, and is used for all branches of millinery 
that require gathering, such as tuckings, casings 
for silk hats and bonnets, tuck running m 
chiffcHi, tulle, etc, ® 







GROUP ^2 -MILLINERY 


Back Stitch. Insert the needle exactly 
where the last stitch was begun, and bring it 
out in front the same length as the stitch that 
has just been made. 

To obtain a regular row of stitches, each stitch 
must exactly meet the last, and bo of the same 
siae [ 4 ]. Used for joining two pieces of velvet, 
silk, or cloth, wherever the material is likely to 
be stretched and requires strength. 

Long Back Stitch. Instead of ins(Tting the 
needle in exactly the place wliere the last stitcdi 
left off, as in back stitching, take a short stitch 
back, which in straw-working will be slanting 
in the direction the straw is plaited [5J. The long 
back stitch is used in straw -working, for sewing 
in head linings, bandeaux, mulling ; in shape- 
making, for joining side band to head line of 
brim shape ; in covt'ring, for sewing upp(‘r and 
under covering of brim to head-line, also material 
tip to that of sha[)e. 

Slip Stitch. Take one stitch on the turn 
ing of one pit'ce of ma.tcrial, and the next exactly 
opposite on the turning of the other ]>ieco 16). 
Uscfl for joining the upper and under edges of 
hat-brims covered in velvet, cloth, or silk, and 
wherever invisible joining is required ; also in 
stitching on rouleau to covered or f(‘lt hats. 

Slip Hkmmijsg. Use a fine needle and cotton, 
or silk to match matcTial, and take up one 
thread of the material under the fold. Slip 
the needle into the fold and inakt; a short stitch 
as in running ; <lraw^ the needle out, and just 
take one thread again of the material under 
the fold. Do not pull the sf itches f ight ; th(*y 
^ihould not show on the riglit side |7J. The 
stitch is used for invisibly hemming velvet, 
silk, crape, etc. 

Velvet Hemming. '3\irn down the raw^ edges 
of inaf erial onc(^ ; take a stitcdi as in running 
through the fold, and take one thread of the 
material under the fold in a slanting direction. 
Work from right to hfft with fine needle and 
cotton [ 8 ]. Used for ueatening cut tulgi's of 
velvet, and where it does not require a roll 
hem. 

Wire Stttoii. Hold the wire firmly in place, 
stab the lU'odle in the hat above the wire, holding 
back a loop of cotton under the thumb. vStab 
the needle back again the wire, bringing it 

through the loop from behind, and pull tight. 
Work from right to left. The stitches must 
just fit the wire [9]. Used for all parts requiring 
f» bo wired. 

Gathering. Take up half as much on the 
needle as has been passed over [lOj. Used when 
a long length has to be gathered into a very 
small space. 

Shirking. Rows of fine gathering placed 
underneath one another. The stitches must 
exactly correspond with the row above, and 
the cottons are drawn up together [ 11 ]. This 
stitch is used for fancy linings for brims, for 
children’s millinery, etc. 


Tacking. A large running stitch [12]. Used 
for keeping two parts temporarily together. 

Tacking for Grape. A long and small 
running stitch [13]. Craj)e being a s]>ringy 
material, this stitch keeps it better in position 
than ordinary tacking. 

Basting. A long and a .short stitch, the first 
taken slantw’a3^s. the sc'cond perpendicular [14>]. 
Used for holding together temporarily tlie 
material and lining j)revious to being tacked. 

Lacing Stitch. Place the needle under the 
fold, and bring out in a slanting direction. Place 
the needle in again on op[)osit(^ sid<\ also in a 
slanting diriTtion L15|. l\sed for securing tlic 
raw' edges of velvet folds, it is sometimes (allied 
Milliner’s Herrinijbonk, but it differs fiom 
fh(^ ordinary lierringboning by being always 
worked from right to l(‘ft. 

Uatcfi Stitch. Take the nec^dle under the 
turning and bring out to right side. Pass under 
th(' wire, tlu'ii over the wire, and umh’r the 
turning again, and repeat [16). U.s(‘d for fasten- 
ing down the up])er side of material brim to the 
sec(jnd edge wire of under brim. 

Bound Bandeau Stjtch. The stitches arc 
taken close to the edges of the ribbon wire 
fo })rev(‘nt curling iq). Make a long stitch of 
I in. on upper edge of ribbon wire. Bring 
thr(‘ad to bottom edge of w ire at the back, take 
the needle through at nearly half the length of 
the upper stitch already made. Then take 
anotluT J in. stitch, and so on. On the r(*.verse 
side a series of A A will bo seen. Use black 
cot t.on on white n(‘t and wire, and vice v(M‘sa [17J. 
Used for sew'ing ribbon wure to net for founda- 
tion of round and straight bandoaiLV. 

Oveksfavtno. Plaeii lu^edle f)ointing straight 
towards you in th(' raw edge, hold th(? work round 
iii'st finger of l(*ft luxnd. Repeat this, forming 
a slanting sfiteli from right to left on the right 
side, and a straight one hetw'eeu ('acfi [18], 
Used for joining lace, sewing fur, mniteiiing the 
raw edges of vdvot for straight band«‘aii whore 
a turning will make a very clumsy and thick 
effect.' 

WniPPiNiL The needle is taken ov('r the raw 
edge of the material, t)ut in from back to front, 
and over the edge again. The stitches are taken 
fairty long, and the needle, as for “ fly-ninning,” 
i.s not taken out until the finish [19]. Used 
instead of gathering, to prevent ravelling in 
lac(i or tulle. 

Tie Stitch. Stab the needle through from 
the right .side ; leave an end of cotton, bring 
back the needle from the back, and tie a knot 
[20 1. Used for securing light trimmings, trails 
of flow’crs, lace, tips of feathers, loops of ribbon 
on a brim ; fastening head linings in position 
inside bonnets and hats. 

Stab Stitijh. Proceed as with the tie stitch, 
but lake the needle through and through the 
hat for extra strength [21j. Used for sewing on 
trimmings that require more strength than the 
tie stitch gives. 

ANTOINETTE MEELBOOM 
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GROUP 23-METAlS & MINERALS AND THEIR M A NUFACTURES-CHAPTER 

Copper Ore and Us Treatment. Electrolytic Copper. Alloys ot 
Copper. Brass and Bronze. Working of Brass and Bronze. 

COPPER AND ITS ALLOYS 


C OPPER, the symbol of which is Cii, and the 
ntomio w^eight 03*1 ) was one of the earliest 
metals discovered by man. The Copper Age fol- 
lowed the Stone Age, and preceded the Bronze Ago. 
Cop 7 H>r weapons have been fovmd in Kgypt at a depth 
which, assuming the present rate of de]X)sit as 
fairly constant .since it was left there, gives its 
time of manufacture a.H not less than 10,000 years 
ago. The occurrence of large copper masses in the 
metallic state, the colour of wliieh renders it easily 
recognisable, drew early attention to copi)ei‘. 

Physical Properties of Copper. The 
colour of copper is a characteristic red, with a 
tendency towards jiiirple when cuprous oxide 
is present. It is only a little softer than nickel 
and iron, of the us ‘ful metals. Its tenacity 
and extensibility give it groat industrial value ; 
it can be rolled, beaten, and drawn into very 
fine leaf and wire. The specific gravity of the 
ordinary copper of commerce is from 8*2 to 8*.5, 
rolled and hammered copper having a higher 
specific gravity than cast or crystalline copper. 
Electrolytic copper is 8 05. Kolerts- Austin gives 
the specific gravity ns 8 82. The precise melting 
oint of copper has not been dctcrminerl, but is 
etwoon 1,0S0° and 1,100° C. Molten copi)er is of 
a sea-green colour, and of great fluidity. The thermal 
conductivity of copper is 736 (silver — 1,000) and 
the electrical conductivity 97*61 ( Kobe: ts- Austen) 
(silver ~ 100). Copper can be welded only with 
difficulty, and then only at a bright red heat. 

Chemist^ of Copper. Copper is unaffected 
by atmospheric exposure at ordinary temperatures, 
but under the influence of damp or of carbon dioxide 
it becomes coated with vtrdigrisy an impure acetate 
of copper. When heated to redness in air it develops 
copper scale, a dark layer consisting of cupric 
oxide on top and cuprous oxide below. 

Copper is immune from attack by water free from 
air, and by lime water, hence the value of copper for 
kettles and otlier utensils, for boilers and for boiler 
tubes. It dissolves easily in ordinary nitric acid 
and aqua regia, but only slowly in sulphuric and 
hydrochloric acids. It is remarkable, however, that 
the strongest nitric .icid docs not act on copfK'r. 
Under an electric ctirrent copper may be separated 
from impurities and deposited on the cathode as 
pure copper, the application of this principle 
constituting the process of electrolytic copper re- 
fining, which w*e shall consider Ip. ter on. 

Sources of Copper. Within a half oentuiy 
the world’s supply of copper has multiplied by ten, 
but the world’s demands have grown quite as 
much ni the supply, and the present high price 
of the metal is evidence that it is far from over- 
taking the demand. The main though not the 
¥nly loason for this increase in consumption has 
been the growth of the electrical industries, with 
their huge demands upon the copper market. As 
the electrical industries grow and spread, so 
will the need for copper increase, so that there is 
no present likelihood of pause in an expanding con- 
sumption. The relative importance ( f the ^copper 
sources has undergone cl^ge during t&e last 
few decades. Formerly the world looked to Chili 


as the most important source of supply, but to-day 
the United States of America, ' with the enormous 
copper W'calth of Montana and the hake Sujierior 
district, supplies 60 per cent, of the world’s copper 
requirements, with Spain a good second. 

Copper Ores. Copper is found both in the 
native state and in combination. The largest 
dej>osits of native copper known are in the Lake 
Superior district of North America. New Mexico 
and South Australia also possess important de]>osits 
and the copper sand of Chili contains from 60 }kt 
cent, to 00 per cent, of metallic copper. 

Copj)pr pffriteSyOr chalcopyrit^. (C^i Fe.^S ), Imown 
also as yvllow copper ore, is the source of most 
of the copper supply of the world. It has a yellow 
colour with a black streak, a hardness of 3*5 to 4. 
and a density of 4*1 to 4*3. It is found at Rio Tinto, 
in Spain, and in every one of the live continents. 
Cornish ores, and the largo deposits of Montana 
and Alabama, are of this variety. 

Mafachite ((’iiCO,.Cu(HO).,) is a beautiful 
streaked green copper ore wliich is much used for 
ornamental })ur])oscs. Its hardness is 3*5 to 4, and 
its density 3*7 to 4*1. It occurs in the Ural district 
of Ru.ssia, in Chili, and n Arizona and New Mexico. 

It contains, wlien pure, 57*33 per cent, of copper, but 
is seldom found pure, being usually associated with 
salts of lime and magnesia, oxides of iron and 
manganese and other substances. 

Cuprite, or red. oxide of copper (Cii.jO), is of a red 
colour with a red-brown streak, a hardness of 3*5 
to 4, and a density of 5*7 to 6*0. It contains 88*8 per 
cent, of (topper, tind occurs in Montana in the uppe:* 
sections of Butte City veins, in Now Mexico, and 
in Russia. ,, 

Azuriie (2CuCO,,.Cu(T10).,) is of a beautiful^ 
blue colour with blue streaks, has a hardness of 
3 *.5 to 4, and a density of 3*5 to 3*8. It is usually 
present with malachite, but in much smaller 
quantities. It carries 55*16 per cent, of copper. 

Jioniite, or chnresntc (3Cii„S.Fe.jSa), or purple 
copper ore (sometimes also called peacock ore) is of a 
brilliant purplish brown colour when uncovered, 
but oxpasure to the atmosphere speedily causes it 
to change, an<l it may become yellow or deep blue, 
green or jmrple. Its copper (content varies from 
40 per cent, to 70 per cent. Its hardness is about 
3, and its density about 5. It is found in Montana, 
Cornwall, and Chili. 

Chalcocite, or copper glance (Cu...S). is of a streaked 
dark grey colour, has a hardness’ of 2*5 to 3, and n 
density of 4*8 to 5*8. It usually holds at least 
65 per cent, of copper, and the deposits in Montana 
carry from 60 to 74 |^r cent. It is also found in 
quantities in Arizona, Colorado, and Now Mexico, 
while smaller deposits are found in many other 
places 

*rreatinent of Ores. The various ores of 
copper for metallurgical purpo es may be classified 
into three groups. First there are the native copper 
ores, as found in the Lake Superior district, where 
the metal occurs in the form of metallic particles, 
and where the ore is concentrated mechanically, 
the resulting concentrate, or mineral, as it is termed, . 
being melti^ down and toughened in refining 
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furnaces.. Then the sulphide ores, the most important 
of which arc copper pyrites, are subject to dry or 
wet processes, according to their nature and their 
copixir contents. Dry methods are usually adopted 
with ores rii*Ii in copper and wet methods with 
poorer ores or with auriferous and argentiferous 
oopjier ores. 

Chalcopyrite is a combination of copper with iron 
and sulphur, and the object in smelting is to 
separate the copper from those two and also, of 
course, to eliminate the g nguc. The process 
depends upon the aftinity of iron for oxygen jind 
cop])cr for sulphur. By calcination, or roasting 
the ores in heaps, or in shaft or reverberatory 
furnaces, they are freed from siliceous matter 
and concentrated, forming a copper mnttf\ so-callcd. 
The matte is then smelted with a silict ous flux and 
oxide of copjier is changed into a sulphide. Again 
it is fused with slag to oxidise the sulphide 
of iron and the result is a tcAifc metals sometimes 
called blue meUd or fi ne mdal, with from (iO per cent, to 
75 per cent, of copper. This is now melted in coutaet 
with air, and the oxide of copper formed reacts on 
the cuprous sulphide, forming an impure metallic 
coj)per {hlidar cupper) and a slag rich in copper. 

Copper R.efining. The metal conluins 
iron anti other impurities, and has now to 
be refined. It is treatetd in a rt'vrrberafory 
furnace, and to remove the cuprous oxide poles 
of greni wood are pushed into Ihe bath, and 
charcoal or anthracite is fi])rinl<led on the surface. 
When the metal has become pale and fibrous this 
refilling is riiiished. The resulting copper ingo.t 
should show a flat surface. If it contain too much 
oxide it will be furrowed and is “ underpoled,’* 
and if it be ridged on the surface it is “ overjioled ” 
and contains too little. 

The modifications of this “ reaction ” process, as 
it is called, are numerous, and the varieties of 
furnaces and operations are very great. EfW'h ore 
must bo treated for its individual firoperties, and 
local conditions must also bo considered. The 
“ reduction ” process is similar to the roaotion 
process up to the “ white metal ’* stsvge. The 
reduction process oxidis(;s the sulphide coniplcloly, 
and reduces the mass by carbon. It is loss 
economical than the other process. 

The wet method of treating copper ore is followed 
for low grade ores. Copper sulphate is extracted 
from the roasted ore by bleaching with water, an<l 
the copper in solution is precipitated by the aid, of 
another metal, usually iron, or by electrolysis. The 
groat value »f the wot process is that if the ore contain 
silver or gold these metals may bo recovered. 

Electrolytic Copper Refining. The 
olectro-chemical treatment of copfior ore has not yet 
been practised on a large scale, but electrolytic 
treatment of impure copper produces a copper of high 
purity, such as is ro(]uired for electrical purposes. 

‘ The principle of electrolytic refining of copper is 
simple. The electric current enters a bath of solu- 
tion of sulphate of copper through an (tnorfe of 
impure cooper and leaves it by a cathode. The 
^action is that the anode is dissolved, but only the 
.pure copper is deposited on the cathode, the re- 
rnaining metals present as impurities, and also 
dissolved from the anode, not being so easily 
deposited as copper. We shall examine details of 
the process of electrolytic refining as practised in 
some of the largest works. 

The first process in the electrolytic refining of 
copper is to melt the copper pigs or ingots so that 
they may be cast into the large flat plates which 
form the anodes in the electrolytic tanks. The charge 


of copper is melted in the anode lurnace.H as they are 
called, reverberatory furnaces used for this special 
purpose. Then the metal is worked by methods 
akin to those of puddling [see page 4<'3r) | for some 
hours, sometimes as many as thirteen or fourteen. 
This treatment dispels some of the impurities, and 
tko copper is raised from usually 08 *5 per cent, of 
purity to 09*5 of purity, Tlion the furnace is tappe- 1, 
the metal is drawm on by the help of a ladle, and is 
j)onrod into moulds which are mounted upon an 
endless chain. The cof)pcr plates which are to 
bo used as anodes are 30 in. by 24 in. by I in. 
Each is made with two lugs on its upper edge, theses 
being used to support the plate in the electrolytic 
tank. The plates are then put into frames holding 
22 i>lates, the full charge fr>r one electrolytic hath. 

Electrolytic Hath. The tanks arc filled with 
diluted sulpnuric acid and sulphate of copper 
electrolyte, and are usually arranged in sets with 
a reservoir anil pump to each set. They are 
arranged electrically in series, and the electrodes in 
each tank are parallel. 

The thin cathode sheets used in the depositing 
tanks are themselves deposited in other tanks 
known as fttripping tayiks. The cathodes in the 
stripping tanks are pure rolled copper plates covered 
with grease or plumbago, upon the surface of which 
the new plates form, and from which they are 
afterwards easily detached. Those new plates are 
beaten with wooden paddles and are hung by 
copper loops from copper rods which lie upon the 
edges of the depositing tank. 

Now the electric current is passed through the 
bath, and the action is to transfer the copper of the 
anode plates to the cathode plates, upon which it 
is deposited. The charge is under treatment in 
the electrolyte for seven days, when the cathode 
plates have increased from fi lb. to 8 lb. in weight 
to 75 lb, or 80 lb. Then they are removed and 
taken to the refining furnaces. The anodes, how- 
ever, are not yet exhausted. New eaihotle plates 
are supplied and the process is resumed. The 
anodes last for six weeks. 

The final }>roec8S of refining is similar to that 
already described, when the green wood is plunged 
beneath the surfai^e so as to remove the oxide by 
the carbon of the wood combining with the oxygen 
and escaping as carbon dioxiile. The result of the 
process is a copper of 00*88 per cent, of purity. 

Copper Castings, (’asting coj>})er so as to 
give good sound castings is not an easy matter, but 
it is a subjOk*t of some importance beitause several 
industries, particularly the electrical industry, are 
developing an increasing need for copjier castings. 
The chief difficulties in casting copper are occasioned 
by impurities in the copj)er, by the formation ot 
cuprous oxide while the metal is in a state of fusion, 
wheifiby blow-holes are caused, and by the great 
contraction during cooling, whereby the mould is 
not completely filled. The first- mentioned difficulty 
is overcome to some extent by the use of copper 
which has been electrolytically refined, and is 
therefore chemically pure. A common method of 
overcoming the cuprous oxide difficulty, in goial 
practice, is by easting in chills or dry sand moulds, 
and by adding up to 5 {)er cent, of manganese at the 
time of casting. Manganese combines with the 
oxygen of the cuprous oxide, thus making the 
ipetal more uniform. Sometimes zinc or tin, up to 
per cent., is added, and has the desired effect. 
For very thin or very sharp copper castings, the 
introduction of one-half of 1 per cent, of phosphorus 
has beneficial effects. It a deoxidising effect, 
and increases the fluidity. 
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Copper Oxides. Numerous compounds of 
copper have a place in industry. Wo cannot go 
into great detail in every one of them, but we can 
pass them under cur;/ory review and indicate their 
value and importance. 

Cuprous oxide (('ii^O), otherwise known as red 
oxide of copper, copper auboxide, and copper hemioxide, 
is found in the native state as cuprite or red copper 
ore (see page 1718], and as chalcotrichite. It may 
be prepared bv heating finely divided copper it: 
air below red heat and in several other ways. It 
is used as a pigment, and, in combination with 
black oxide of copper, constitutes one of the 
copper antifouling paints used for shiji bottoms. 
It is also used in the manufacture of ruby glass. 

Black oxide of copper (tluO), or copper monoxide, 
is found as inelnconite or black copper in natixe 
deposits, prominently in the Lake Superior district. 
It is used in jorganic analysi.s. It is also useil in 
the manufacture of green and })lue glass jsco 

glass]. 

Ih/drated copper oxide. (CuO . H./)) is used in 
paper staining. It is of a blue colour, but develops 
into green under atmospheric exposure. Schweit- 
zer’s reagent, wdiich is used in the manufacture of 
Willesdcn paper, is a solution of cupric hydrate in 
strong ammonia. Treated with this solution 
cellulose gelatinises and is completely solved. 
When the solution has been evaporated, a gummy 
mass consisting of cellulose and copj)er oxide 
remains. In making VVdllesdeii j)aper the solution is 
allowed to dry on^the paj)er, making it water resisting 
and binding the constituent fibres together, thereby 
increasing the strength. Ropes and netting are 
also treated by the same process. Thorpe quotes 
the alleged best method of preparing hydrated 
eopj)er oxide ; “ Six parts of copper sulphate are 
dissolved in water and mixed with a solution of 
three parts of calcium chloride. The clear liquirt 
is decanted from the precipitated calcium sulphate 
and is mixed with one and a half parts of lime, 
made into a cream with water. The greenish 
precipitate is collected, washed and mixed with 
one-fourth of its weight of slaked lime and as much 
pcarlash, and to render the colour more permanent 
one-fourth of its weight of ammonium chloride 
and one-half of its weight of copper sulphate are 
usually added.” 

Chloride and Other Copper Salts. 

The Brunswick green of commerce? is cuprous 
chloride (Cu^Cl^). It has a wide use as a pigment. 
It is found native as atacamiic. It is prepared from 
copper turnings by moistening them with hydro- 
chloric acid or ammonium chloride under atmo- 
s])heric exposure, or it may be made by boiling 
copper sulphate in solution with a small percentage 
of blenching powder solution. 

Cupric emyride (Cu(’l., ) is used for methyl violet in 
calico printing and for oxidising cutch colours. 
It is made by heating copper in excess of chlorine 
or by dissolving oxide of copper in hydrochloric 
^ acid. 

Sulphate of copper (CuSo^ . 5H.jO), or blue vitriol, 
as it is popularly known, is the most important salt 
of copper. It has many uses. In agriculture it 
is used tor dressing wheat and other seeds. The 
practice is to soak the seeds in a weak solution of 
the salt within tw^enty-four hours of being sown. It 
is also applied to vines, usually as a solution of from 
10 per cent, to 20 per cent. It is also applied to 
timW, and prevents rot. Sulphate of copper is 
also used in cotton printing, chiefly with potassium 
bichromate or ixon mordants, and with logwood for 
black dyeing. 
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It is made from metallic copper, usuallV^lrap 
copper, which is heated in a reverberatory furx^ace, 
sulphur being afterwards added and the doors 
shut. After some time the doors are opened and 
the heat is increased so as to oxidise the sulphide 
with sulphate. The hot mass is withdrawn, 
immersed in sulphuric acid (diluted), and, after 
settling, is decanted, concentrated and crystallised. 

Cupric sulphide (CuS) is also used in calico 
printing for fixing aniline black. It is made in one 
way by precipitating a sulphate solution with 
sodium sulphide. 

Nitrate of copper (CuCNOjJ.J has a limitel^use in 
cotton printing and textile dyeing. It is made by 
dissolving metallic copper or the carbonate or 
oxide in nitric acid. 

Verdigris and Other Pigments. Acetate 
of copper is used as a pigment and in indigo dyeing 
as an oxidising agent. V erdigria, erroneously referred 
to by many authorities as a carbonate of copper, 
is a mixtuio of basic copper acetates, the mono- 
basic, dibasic and tril)asic acetates being pr.'s*nt in 
different proportions in different varieties of verdi 
gris. The vario i of verdigris are used for oil and 
water colour paints, for the manufacture of emerahl 
green and otlier c()y)per paints, and in dyeing and 
calico printing. (Irecii verdigris is manufactured 
commercially by j)lacing co])per sheets for some 
weeks between cdoths moistened from time to time 
with pyroligneous acid or acetic acid. The verdigris 
forms as green crystals. RJue verdigris is made 
by allowing the refuse of the wine prcs.s — consisting 
principally of grape skins — to ferment, and by 
placing into this thin copper sheets. The copper 
sheets become coated with verdigris. They are 
allowed to remain in the mixture for about two 
to three weeks, and are afterwards left to stand 
and subjected to occasional moistening with water 
or wine during some two months. The verdigris is 
removed and squeezed into cakes. 

Bmcrfdd green, reierrvd to above and known also 
as imjK'rial green and Schweinfnrth green, is an 
aceto-arsenatc of copper. It is a brilliant green of 
f>leasing shade and is largely lised. VV’ all paper 
stained with this green is found to give off a peculiar 
odour when the wall is damp, and this is alleged to 
he poisonous. This pigment is manufactured by 
mixing boiling concentrated solutions of copper 
aoetate and arsenious oxide. The volume is 
doiihled by the addition of cold water, and the 
mixture is ydaced in bottles or flasks filled to the 
top so that premature crystallisation may not 
occur. Crystallisation takes place gradually, and 
is not complete for a few days. There are other 
methods of making the pigment, but that described 
yields the finest product. 

Scheele*3 green is arsenite of copper. It was 
formerly in extended usC but is now of little im- 
portance. It is made by adding arsenious oxide 
to a boiling aqueous solution of potassium car- 
bonate ; after filtering, this is added to an aqueous 
solution of copper sulphate and the arsenite of 
copper is precipitated. 

Some basic carbonates of copper are known 
commercially as verditer green or blue and Bremen 
green or blue. They are used chiefly for paper 
staining. Malachite is a basic carbonate. Verditer 
is made commercially by grinding sea salt and blue 
vitriol with water and digesting the resulting paste 
in wooden boxes along with pieces of copper plates. 
When the chemical action is complete, hydrochlorio 
acid is added with agitation. Caustio soda and 
water follow as an addition to the mixture, and. the 
poduot is washed, filtered and dried. 
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of Copper. The most valuable of 
the a^oys of copper are those with tin and zinc, the 
tin-copper alloys forming the important family of 
the bronzes, and the zinc-copper alloys giving us 
brass, both of which we shall consider at some 
length. With gold and silver, aluminium, nickel, 
and antimony, copper also alloys well [see page 
132^ and jbwslleby], but with load and iron it is 
unsatisfactory. 

Successful alloys of copper dejf>end greatly upon 
the absence of deleterious ingredients in the copper 
used. Cuprous oxide makes the metal rod-short 
and cold-short, and the higher the proportion of 
cuprous oxide the more pronounced are these faults. 
It also causes castings of the metal with which it may 
bo mixed to contract considerably. Sulphur in copper 
makes blown castings ; silicon affects the ductility, 
pales the colour, and gives brittleness ; nickel and 
antimony, singly or in combination, decrease the 
malleability; phosphorus increases the hardness 
and the fusibility. 

Copper Alloyed with Gold and Silver. 

The British gold coinage is an alloy of gold and 
copper [see page 1189], The colour of a gold- 
cop{)er alloy shades into red, and green gold is an 
alloy of gold, silver, and copper. Silver-copper 
alloys are hard, strong, and tough, and give out a 
clear, penetrating sound when struck. Copper may 
be added to silver up to almost 50 per cent, of the 
alloy without changing the colour of the silver. Care 
must be taken in casting a silver-copper alloy, or 
“liquation” — that is. separation, may take place. 
In working articles of silver-copper, the frequent 
annealing necessary causes the copper to oxidise, 
giving the alloy a stcel-grev colour. This colour is 
removed by the process of “blanching,” so-called — 
that is, boiling the articles in dilute sulphuric acid 
(I in 40). This process dissolves the surface copjjer 
and gives a surface of pure silver. 

Bronxe. Bronze is an alloy of copper and tin. 
It has been In use from prohistorio times, and in 
the early days it was more nearly a pure binary 
alloy than it became during the inediseval ages, 
when its value was usually impaired by a jwreentago 
of lead. Although tin is a soft metal by itself, it 
forms a very hard metal when alloyed with copper. 
If bronze is to be rolled into sheets, the percentage 
of tin must be small — not more than from 4 per cent, 
to 6 per cent. 

Most of the bronze of commerce is not a mixture 
of pure copper and tin, especially when it is made 
witn an admixture of old bronze, which usually 
contains oth r metals as impuritios. 

A small quantity of zinc in the allov makes bronze 
castings sharp and tends to prevent blow-holes, but 
the zinc should not constitute more than 2 per cent, 
of the whole, or the appearance will tend towards 
that of brass. Lead ii> bronze is detrimental, 
espeoially when the alloy is to be cast ; it increases 
the liability to oxidation, and as the lead tends to 
liquate from the bronze, the castings are unequal. 
Iron hardens bronze and gives a whitish colour; 
it is often introduced when the bronze is to be used 
for axle bearings. Nickel makes bronze harder, and 
decreases the toughness. 

Properties of Bronxe. The colour of 
bronze may be varied within wide limits by the 
different proportions of the constituent metals. 
Bronze with over 90 per cent of copper is of a pure 
red colour. As the copper decreases, the colour 
passes through orange yellow to pure yellow at 
85 per cent, of copper. A copper proportion between 
60 per cent , ana 35 per cent give^ a pure white 
bronze, and below this proportion the colour is steel 
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grey, but as the copper becomes very low, the white 
colour reappears. 

Tin reduces the ductility of bronze very much, and 
as low a percentage as 15 makes it impossible to 
hammer the alloy without fracture, even when it is 
hot The maximum hardness of pure bronze is 
when it is made of 72*8 per cent, of copper and 27*2 
per cent of tin. As the tin increases above this 
proportion, the hardness diminishes, until, when the 
tin 18 two- thirds of the whole, the alloy is as soft as 
pure copper. Bronze, very rich in copper, is made 
very haid and very brittle by repeated forging. 
Cooling red-hot bronze rapidly makes it much less 
brittle and less dense, so that bronze bells rapidly 
cooled are dee{iened in tone. The higher the pro- 
portion of copjier in bronze the liigher is the point 
of fusion. Thus, bronze with 95 per cent, of copper 
molts at 2,620® F., while, when the copper is only 
80 j)er cent., the melting point is only 1,808® F. 

Bronxe for Various Purposes. The 

general rules which should guide in the manufacture 
of bronze for various purposes have been given, but 
we may tabulate common formulas of bronzes for 
various industrial purposes : 


COMPOSITION OF BRONZES 


I'lU'pose. 

Copper. 

Tin. 

Zluc. 

Lead. 

Rail waKgoii axles 

Piston rings 

75 

20 

2 


84 

2-9 

8*.3 

4*3 

Stamped articles 

Small castings . . . . . . 

64 

5*6 

80*5 


04 

0*0 



(^cks 

88 

10 



Steam wliistles 

80 

17 

2 1 

I 

Articles to be hard soldered . . 

87 

12 

/ 1 part an- 
\ timony. 

To resist atmospheric action . . 

03 

7 



Speculum for telescopes . . 

Very tough 

66-6 

32 

.®3*3 

3 

1 


Valves and fittings (Admiralty 





mlxturel 

90 

10 

2*6 


Soft gun metal 

10 

1 



dun metal for casting 
Maximum hardness for bearing 

0 

1 



metal 

5 

1 



Bell metal 

4 

1 



Ordnance metal 

91-6 

8*3 




For bronze statuary, the composition of the alloy 
depends upon the colour desired. The following 
proportions are recommended by Brannt to give the 
shades indicated : 



Another authority states that the best statue 
bronze has the following composition ; copper, 78*6 
per cent. ; tin, 2*9 per cent. ; zinc, 17*2 per cent. ; 
and lead, 1*4 per cent. If the proportion of zinc 
be too high in a statue bronze, the object loses the 
warm colour desired in statues, and when the zinc 
is too high the natural green tone, term^ genuine, 
patinn, which a statue of the proper composition 
ains from exposure to the air, is not acquired, 
ut one shading into black. 

In making aUo^ into which tin enters, it is usual 
to put in one-half of I per cent, more tin than the 
final alloy is desired to carry, this quantity being 
lost by oxidation during the period of fusion. 
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Bell Metal. Bell motal is a variety of bronze, 
aa it is essentially a copper-tin alloy. Occasionally, 
other metals are introduced in order to modify the 
tone. • Common cheap bells are frequently made of 
brass or of steel. The low-priced bicycle bells are 
of this order, but gongs and house bells, clock bells, 
and sleigh bells, tower and church bells, are made 
from the bronze alloy known for centuries as boll 
metal. Wo refer under Manganese Bronze [see 
below] to claims for that alloy as a material for 
bells. It was formerly considered that a small 
T)ercentage of silver improved the tone of a bell, 
out this view is no longer held, and the use of silver 
in bells is now discarded. The usual boll metal 
contains about 20 ])er cent, to 25 per cent, of tin. 
The following table gives the recognised formulce 
for some bell metals. 


(’OMi*()srnoN OF bkll ] 


Cupper. 

Till. 

Zinc. 

Silver. ' lA-ad. 

BiH- 
III nth 

IfoUBO bells . . 

80 

20 


: 


J)(». BmalliT 

7,‘> 

25 


1 


Small hftiHl bells . . 

40 

60 




French clock bells. . 

72 

26-50 


1*44 1 


Oertnan <io 

7.‘i 

24-3 

2-7 

j 


SwisB (In 

74*5 

25 


I 0*5 


Sleigh bells . . . . 

84*5 

16-4 


i 


Oongft 

82 

18 




White tabic bells ..j 

17 

80 

i i 


3 


A good bell metal is grey white in colour. In 
practice, the fracture determines the ijualitv of the 
metal for the bell founder. If too coarse, the alloy 
must bo made richer in tin ; and if too fine, the tin is 
already too high, and copper must be added. Bells 
made from metals that have been frequently melted 
arc not pure toned, this being caused by the oxide 
solution which has come into the alloy. But the 
art of the bell-founder embraces more than merely 
making a suitable alloy. The size, shape, and 
diameter of a boll, and the relation of its height to 
its diameter, have much to do with the sound that 
it gives out. Small bells are often cast in iron 
moulds, but large ones are always cast in the sand. 

Phosphor Bronze. Phosphorhronze possesses 
very great strength, and can be rolled and ham- 
mered in a cold state. The name would indicate 
that it is a bronze carrying a certain percentage 
of phosphorus, but it is not always so. A more 
appropriate name would be dfoxidised bronze. 
Phosphorus is used in the preparation of bronze, 
although the final metal may contain no phosphorus. 
Copper usually contains cuprous oxide in solution, 
and this oxide reduces the strength of any alloy 
mode from copper containing it. By the introduc- 
tion of phosphorus when the alloy is in a state of 
fusion, a complete reduction of the cuprous oxide 
is effected. The quantity of phosphorus can be 
gauged accurately in accordance with the cuprous 
oxide present in the metal. No phosphorus may 
remain in the alloy. A practice in making phosphor 
bronzo is to introduce tJie phosphorus as pho.sphor 
copper or phosphor tin, or sometimes as both, 
these alloys having been prepared beforehand. 
To make phosphor copper heat four parts of super- 
phosphate of lime, two parts of granulated copper, 
and one part of finely |)owderod coal in a crucible. 
Phosphor copper with 14 per cent, of copper will 
separate at the bottom of the crucible. Phosphor 
tin may be made by heating together three parts 
of anhydrous phosphoric acid, one part of carbon, and 
six parts of tin. Then, to make the i>hosphor broiize, 
10 ounces to 12 ounces of this phosphor bronze or 
fShosphor tin Is added to each cwt. of molten 
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bronze. The field of phosphor bronze is in articles 
such as hydraulic presses and propeller blades, 
where great strength is required. Sometimes lead 
or aluminium is introduced into phosphor bronze for 
specific purposes. 

Silicon Bronze. Silicon bronze, which is an 
alloy of copper, tin, and silicon, or of copper and 
silicon only, has very high tensile strength, and has 
been much used for telegraph and telephone wires. 
Such wires have been erected with stretches of 
1,000 ft. with no intermediate supports. Phosphor 
bronzo has, however, largely taken its place. A 
formula recommended for silicon bronzo specifies 
copper 07T2 per cent., tin 1 ‘14 per cent., zino 1*10; 
and silicon 0*05 per cent. The tensile strength of 
this alloy is said to be 600 lb. for 0*001 s<piare inch 
section. Silicon bronze owes its properties to the 
fact that silicon, while reducing the cuprous oxide 
in the copper just as phosphorus docs, seems to 
have a greater affinity for the copper than phos- 
phorus has. 

Manganese Bronze. Manganese bronze is, 
properly, not a bronze at all, but a brass ; yet, on 
account of its name, w'e refer to it hero. The fol- 
lowing mixture is frequently used ; copper 51 per 
cent., manganese copper (containing 20 per cent, of 
manganese and 8 per cent, of zinc) 40 cent., 
and aluminium 1 per cent. The manganese copper, 
besides containing manganese, usually contains 
from 2 per cent, to 4 per cent, of iron. Manganese 
bronze jwssesses very high tensile strength. Th ^ 
alloy of the comx)oaition given above has a tensile 
strength of 30 tons x^er 8([uaro inch and an elonga- 
tion of 20 x>©r cent. A higher percentage of zino 
increases the hardness and tensile strength and 
diminishes the elongation, while a lower percentage 
has the opposite effect. The sphere of manganese 
bronze is in the manufacture of ordnance, projwllers, 
pinions, and bearings, where its qualities make it 
desirable. As the tin constituent in the true bronzo 
alloys is replaced by the clieax)er zinc in manganese 
bronze, it is chcaxxT than the other special bronzes 
without showing inferior qualities as a sx)ccial 
metal. 

Manganese bronze finds some use a.s a bell metal 
instead of the usual coxjper and tin alloy generally 
used for the x)urpose. The advantages claimed 
by the advocates of manganese bronze for this 
purpose are that in comx)arison with the older 
composition it is more sonorous, has a mellower 
tone, and is not liable to be cracked. The usual 
bell metal is made very Imrd and brittle in order 
to improve the quality of the tone. 

Aluminium Bronze. Aluminium bronze 
is an alloy of copper and aluminium, and con- 
tains no tin, hence the use of the word bronze 
is not quite accurate, although it has come to 
be accepted. The content in aluminium is never 
usefully higher than 10 ixjr cent., but even up to 
this modest projiortion colour and physical 
properties vary a good deal. With 6 -per cent, of 
aluminium tho colour is golden, at 7^ x^r cent, it 
partakes of a green -gold hue, and at 10 per cent, it 
is a bright golden colour. These alloys have great 
tensile strength, are exceedingly malleable in noth 
the hot and- the cold states^ give sharp, clean 
castings, and admit a fine x>oli8h. The highest 
qualities of aluminium bronze are brought out by 
remelting it three or four times, and its strengtn 
may bo further increased by hammering so that it 
may be made equal to steel. Iq casting aluminium 
bronze ex^rience is necessary to good work. Its 
shrinkage is about twice as much as that of brass 
[see also page 1462]. 
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A^lumltiliim Brass. Aluminium hraaa is 
properly so termed, being an alloy of copper, 
zinc, and aluminium. Here also the percentage 
of aluminium is invariably low ; if it be higher 
than* 15 per cent, the alloy becomes red short 
and hard. An alloy containing 00 parts of 
copper, 30 parts of zinc, and 2 parts of aluminium 
cun bo worked mechanically by rolling, stamping, 
or forging, and has a valuable use for cartridge 
shells, because the aluminium imparts the property 
of resisting corro.'ion by the gases of the powder. 
It has been claimed that aluminium brass with 
from 1 per cent, to 3 per cent, of aluminium has 
much similar properties to aluminium bronze with 
from 5 per cent, to 10 jjer cent, of aluminium, and, 
of course, it is much the cheaper ; but wo question 
the evidence for this claim. Certainly aluminium 
brass is heavier and oxidises more easily. But 
the aluminium and zinc soom to form an intimate 
combination, and to develop properties even superior 
to the alurainiura-coppor alloys. The field for 
aluminium brass is in machinery parts and fittings 
in which exceptional strength is desired, such as 
valve scats, hydraulic and mining mar'hiiiery, and 
proiKjlIers. 

Bronxe Powders. Most ot the bronze 
powders used to coat metal, paper, wood, and 
other materials are made in Austria. A large 
number of different shades arc procurable. Zinc 
and not tin is alloyed with copper to form the 
material from which they are made, so that the term 
bronze is technically incorrect. Powders which in- 
cline to white in colour have a high zinc content, 
and those that incline to red are high in copper. 

Brannt gives the following compositions for some 
representative colours : 


1 ALLOYS FOR BRONZE POWDERS | 

Colour. 

Copper. 

Zinc. 

Iron. 

Yellow 

82-33 

10-69 

0-16 

Pole «:rcen , , . . 

84*32 

15-02 

0-63 

Lemon 

84-50 

15-30 

0-07 

Copper red . . , . 

99-90 



Oranjre 

98-93 

0-73 


Pale yellow . . , . 

90-(X) 

9*(*>0 


Crimson 

98*22 

0-50 

0-56 


All the variety of shades are not, however, 
obtained by varying the composition of the alloy 
so much as by heating the alloy (after it has been 
finely pulverised), until a layer of oxide of the 
desired shade surrounds each individual particle. 

In making the bronze powders the alloy is beaten 
into fine leaves by power hammers. These leaves 
are then forced through a fine sieve with the 
assistance of a scratch brush, oil being added at 
the same time, and the oil and powder passes 
through a grinding machine, which consists of one 
steel plate mounted with fine needles having blunt 
points revolving against another steel plate. The 
metal is hero reduced to a very fine powder, and 
the oil is removed, first by putting the mass into 
water, where the oil floats off, and then by pressure. 

Braaa. Although the alloys of copper and tin 
— the bronzes — can claim antiquity, the alloys of 
coptier and zinc, pnerally known as hraaa^ can 
claim a much wider use industrially. Brass is 
properly a binary alloy, and should contain only 
copper and zinc; but pure brass is seldom made. 
The alloy is usually associated with tin, iron, lead 
and arsenio, those metals sometimes being present 
as impurities in one or both of the constituent 
metiUa, and sometimes again being added so as to 
modify the properties of Qie alloy. The two metals, 
copper and zino, alloy withki .very wide limits. 


The higher the percental of copper the more 
does the colour of the idloy tend towards gold, 
and copper also increases the softness and the 
malleability. As the proportion of zinc increases 
the colour becomes paler until it is a pale grey, and 
zinc increases the brittleness, hardness, ana fusi- 
bility. A proportion of zinc up to 7 per cent, does 
not change the colour of the copper to an appreciable 
extent, but when the proportion comes above this 
quantity the tone is red-ycllow. Then at 14 })or 
cent, the colour has modified into pure yellow, and 
above 16 per cent, it goes into a mixed yellow, while 
at over 3u per cent, the rod colour returns, and is 
at about its maximum when the two metals are 
present in equal proportion. As the zinc exceed.^ 
50 per cent, the colour rapidly pales, passing 
through reddish white at 53 per cent., yellowish 
white at 56 |)er cent., bluish white at 64 per cent., 
and into lead colour as the zinc exceeds this limit. 

Colours of Brass. The various phases 
through which the colour of brass pas-ses as tho 
proportions of the constituent metals vary may be 
given in tho form of a table. 

COLOURS OF BRASS 


Couivunition. 



Copper. 
Prr cent. 

Zinc. 
Per cent. 

Red 

95 

6 

Reddish brown 

90 

10 

Red-yellow 

85 

16 

Reddish yellow 

80 

20 

Light yellow 

76 

25 

Yellow . . . . 

70 

30 

Dark yellow 

66 

36 

Reddish yellow 

60 

40 

Golden yellow . . 

60 

60 

Light grey 

40 

60 

Lead grey . . 

80 

70 

Darker lead grey 

20 

10 

80 

90 


The physical properties of brass, other than 
colour, arc also much influenced by tho proportions 
of the metals alloyed. A small proportion of zino 
increases tho fusibility without affecting the 
hardness ; a high proportion increases the malle- 
ability when cold, but makes forging when hot 
impossible. T^ead causes brittleness if it be present 
in brass in largo quantities, but small quantities 
increase the ductility, making it belter for turning 
and filing. A small proportion of phosphorus 
makes sounder brass castings, by increasing the 
fluidity and tenacity, and helps the alloy to resist 
atmospheric action. It also permits of tempering 
to some extent. Tho com{X)sition of commerciid 
brass for many specific purposes is given in the 
following table [see also the table of bronzes 
which is given on page 1721]. 


1 COMPOSITION OF BRASS | 

Purpose. 

Cupper. 

Zinc. 

Tin. 

Lead. 

Gas flttlngs 

40 

20 

. , 

1 

Sheet brass for stamping and 





turning 

3 

1 



Brass wire 

67 

88 



Soft brass for hammering . . 

7 

3 



Tougl) brass for engine work 

100 

IS 

16 


Brass for soldoring 

8 

8 



Sheathing brass 

3 

2 



Nails for sheathing . . . . 

87 

4 

9 


Yellow brass . . 

2 

1 



White brass 

10 

.80 

10 


Red trass 

16 

2 



Brass for forging hot .... 

83 

26 



^nchbeck .. 

68 

12 



Tombac .. 

86 

14 
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The common quality of brass used in the foundry 
is termed in the trade ash meUd, This is a general 
mixture suitable for cheap work, and is very wide 
in its quality. It is made by melting together 
Borap brass, borings and filings, sweepings and 
skimmings. These materials are riddled so as to 
free them from unnecessary dirt, and are washed, 
melted, and poured into ingots so as to be ready for 
use. Romelting improves brass, although there is 
loss of weight in any remelting, so that to remclt 
brass is more expensive than the mere cost of fuel 
and labour which it entails. 

Standard ydlow hrass^ so called, is an alloy con- 
taining two parts of cop}>er to one part of brass. It 
is common to use this mixture already made 
as an ingredient in brass mixtures for casting, 
particularly for red twetof.as it is called. A cheap 
red metal is made by alloying 36 parts of yellow 
brass (standard) with 46 parts of copper, 14 parts of 
lead, and 4 parts of tin. For highly polished red 
metal plumbers* fittings a common formula is 
4 parts yellow brass, 16 parts copi)er, and one i)art 
each of lead and tin. For red metal to stand 
riveting the proportions of load and of yellow brass 
are usually increased and the proportion of tin 
lowered. Thus, a good formula frequently followed 
takes 26 parts of yellow brass, 66 parts of copper, 
6 parts of lead, and 3 parts of tin. 

Bracing Metal. For the cop]iersmith the 
most commonly used alloy of copf)cr is called 
brazing nieinl. Whatever may be the com[K)sition of 
the brazing metal — and this depends upon its piir- 
j)OHo —it is always desired to retain to a great extent 
the malleability, fusibility, and colour of copper. If 
the zinc be higher than 20 per cent, of the alloy 
the red colour of copper is replaced by the yellow 
colour of brass. The chief use of brazing metal is in 
the manufacture of brass and other tubes. Brazing 
metal may be made from copper and zinc only, but 
very small additions of lead and tin make the alloy 
more easily w orked i n the .sheet. A comm on mix tu re 
is eight parts of copper to from one to two parts 
of zinc. The best qualities have only 6 per cent, 
of zinc. Sometimes 2 per cent, of aluminium is 
incorporated, and is, indeed, specified in some 
(government work, but although tubes made to 
this formula give a more rigid joint than ordinary 
brazing metal, the aluminium makes tho alloy less 
easy to work. A special article on engiiUHjrs’ 
coppersmithing is given in later pages in mecha^itcal 

KNOINEERINO. 

German Silver. German silver is brass with 
a proportion of nickel, the amount of which ranges 
from 15 per cent, to 25 per cent, according to tho 
quality of the alloy. A formula frequently used 
prescribes three parts of copper to one part each of 
zinc and nickel. German silver ought to be of silver 
whiteness and almost untamishable if made from 
pure metals, but the presence of impurities such as 
arsenic and antimony in the constituent metals 
detracts from this result. A small proportion of 
tin up to 3 per cent. — permits German silver to 
take on a high polish; load or manganese in a 
similar proportion increases the fluidity and gives 
good castings, while iron increases the hardness and 
helps tho whiteness. The usual method of making 
German silver is to make an alloy of nickel and 
copper, and another alloy of nickel and zinc, the 
latter beiilg added to the former while both are 
in the molten state [see , also page 1323]. 

Copper Amalgam. Copper amalgam is an 
alloy of copper and mercury ; it has a wide field of 
ikdaMrialiiBe.* Its chief japhere is.inJthe recovery of 
gold from the crushed quartz by the use of amalga- 
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mated copper plates [aee page 1184]. The alloy is 
not obtained by the direct method — that is, by 
uniting the fused metals. There are several methods 
of preporiim copper amalgam, and we may notice one 
of them. Zinc strips are immersed in a sulphate of 
copper solution and shaken vigorously. The copper, 
whi<'h deposits as a fine powder, is washed and 
triturated with a solution of nitrate of mercury. 
Hot water is poured on tho copper, and mercury 
(seven i)arts to three of the zinc) is added. The 
mass is kneaded into combination, and a longer 
kneading makes it more intimate. Then the water 
is discarded, and the paste remaining can be shaped 
to any desired form. Copper amalgam has the curious 
property of becoming soft when phiced in boiling 
water. It is also used to a limited extent in cementing 
metals together. The metals to be joined must be 
heated to just under 200'^ F., after which tho 
amalgam, usually in the shape of wire, is applied 
and the parts pressed together. 

Manufacture of Brass. The earliest 
method of manufacturing brass was to fuse copjasr 
wjth zinn-bearing ores, usually calamine [see page 
1588]. Tho results of this method were by no means 
uniform, owing to the varying properties of tho ores 
used, even with ores from the same bed. Thus, as 
with all rule- of- thumb methods, tho men who 
practised this method had to be expert in their 
judgment, able to tell by colour and fracture that 
tho desired point in alloying had been reached. 
This method has not yet quite disappeared, but it 
has almost done so, and its death knell has long 
sounded in the best modem practice. 

The present day practice of the brass-founder is 
to heat the metals in crucibles placed in furnaces. 
Many attempts have been made to dispense with 
tho need for crucibles in brass making, but all 
attempts to fuse tho metals direct in special fur- 
nacjes have been unsatisfactory and have resulted 
in a return to the crucible. The types of furnace 
vary with the kind of fuel used, and with the size 
and regularity of the output. Wo may consider a 
furnace of small size heated with coke, and taking 
one crucible, capable of making about 80 lb. of brass. 
T*he furnace is about 28 in. deep with a horizontal 
section about 15 in. square. The chimney must be 
not less than 15 ft. high, and is usually 10 in. 
square, the flue connecting it with the furnace being, 
say, 7 in. by 10 in. The crucible rests on a firebrick 
placed on tho firebars. It is heated, usually, by 
being placed upside down in the furnace. Then it is 
placed upright and packed around outside with 
coke. The copper and zinc have meantime been 
weighed in their proper proportions, but not mixed. 
The copper, in small pieces, is placed in the hot 
crucible and melted. Then the zinc, or speltur, 
broken into small pieces and warmed, is added 
gradually and stirred. Zinc volatilised, so that the 
proportion of zinc in tho final alloy is never so high 
as it was in tho weighed metal. Every time brass is 
remolted the zinc content becomes less. The brass- 
maker allows for this loss by using more zinc, in a 
definite proportion, than he wishes the alloy to show, 
As the metals fuse, the surface is sprinWed with 
powdered charcoal, borax, or broken glass, so as to 
pre vent oxidation. After all the zinc has been melted 
the crucible is covered over for a few minutes before 
being poured. If part of the charge is old brass, this 
is melted fir^t, then the copper is added, and when 
the latter is fused the zinc is put in as already 
described. 

Brass Furnaces. There are many so-called 
hnprqv^ fmrnaces, each with.specifio claims to 
offered for ^ mie of brass foundere. ' but ‘the 



common fumaco has too strong a hold to be easily 
displaced. Tendencies during recent years have 
been towards liquid fuel instead of hard coke, 
and the value of many patent furnaces offered 
has consisted in their ability to utilise cheap oils as 
fuel. Gas is also used for brass molting, and may bo 
the most economical fuel with a very small plant 
and where the work is intermittent. 

Patterns for Brass Castings. Patterns 
are discussed at length in articles on Patterns and 
Castings under Mkchai^ical Engineeeino, and 
reference should be made there for general instruc- 
tions. The small size of most brass castings causes 
the use of metal patterns to a far greater extent than 
for iron castings. Metal patterns, generally, give 
cleaner castings than wood patterns, and brass cast- 
ings often carry some finely cut ornamentation for 
which wood would be unsuitable as a material upon 
which to work. Metal patterns for brasswork are 
usually made of brass, primarily because it is moro 
convenient to make them of brass in a brass foundry, 
and also because brass patterns require no pre- 
liminary preparation, such as rusting and varnishing, 
as iron patterns do, an application of a black-lead 
brush being all the treatment required. 

Moulds for Casting Brass. The con- 
dition of the sand is of great importance in brass 
casting. If tho moulds are made of loam they 
must bo thoroughly dried before u se. G ood moulding 
sand is bettor than loam, however. If tho sand is 
too meagre it will give a rough surface, occasioning 
labour and expense in finishing. The addition of a 
little flour paste to tho sand will obviate this 
trouble, and if the sand bo too “ fat,” tho addition 
of powdered charcoal will prevent bad effects. Tho 
pouring temperature must bo carefully gauged. If 
tho metal is not hot enough, sharp castings cannot 
be secured ; and if it is too hot, porous castings will 
result, and there will bo loss of zinc by oxidation. 
Casting from the bottom is desirable, as tho air can- 
not rise through the casting and cause blow-holes. 

Brass-founding. In brass-founding, tbo 
ordinary iron-founding practice is generally fol- 
lowed, but there are a few points where variation 
is required. Tho contraction of brass in cooling is 
greater than that of iron, therefore the jiattcrns 
have to bear a different relation to tho work. 
Small castings of brass — say, under 12 in. long — 
shrink i in. in each foot, and over this size the con- 
traction is in. Brass sots more quickly than iron^ 
therefore the molten metal must reach home more 
quickly, anv! to secure this the gates and runners 
are usually made larger. The sand used for brass is 
generally moro porous than it is for iron, and there 
ie not so much venting. Much brasswork is poured 
through the ends of the mould boxes instead of by 
the top, the boxes in the end pouring being made 
to be at an angle in a trough, the object being that 
spilt metal may be recovered from tho trough 
instead of being lost in tho sand. Vertical pouring, 
which is common with iron castings, is infrequent 
with brass, there being no risk of scabbing and of 
blow-holes in the latter case. 

' Caatlog Bronxe on to Iron. Sometimes 
it U desirable that a piece of mechanism should be 
of iron or steel inside and of brass or bronze outside. 
We may take as a tvpical instance of such work 
the pump plunger, which may be wanted with an 
iron or steel centre and with tho working part of 
bronze which will withstand corrosion. The oronzo 
part could be cast separately aiid fitted on, but 
this meiho^ ' inuoh ^Doi^'lmd expense. A 

Ohoaper and thoroughly satislaotory jdb may be 
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made by casting the bronze upon the iron as a 
centre if proper precautions be taken. Brass or 
bronze cast upon iron is moro or less spongy or 
porous, and would, in most cases, be unsatisfactory 
as tho working surface of a piece of mechanism. 
Tho method of overcoming this objection is by 
casting upon tho iron or steel a layer or brass or 
bronze only half of the desired ultimate thickness of 
the brass or bronze. Tho centre, of iron and steel, 
should for preference bo tinned, as tho copper 
alloy will unite with the tin easily, but tinning is 
not essential. Its absence may cause a little 
spluttering as the metal is poured, but it will give 
as good a result as when tinning is practised. If 
the iron or steel bo not tinned, it should bo cleaned 
and polished. In casting, this iron or steel is used 
as a core, and tho porous coating of brass or bronze 
forms a good surface upon which to cast a second 
and final layer of brass or bronze, which will not 
in this case have tho tendency to bo spongy. 
The second pouring is made when tho first cast is 
cold and when, of course, tho second mould has 
been prepared for it. Tho second cast should bo 
given under a good head of metal so as to get a 
good dense casting. The two castings of brass or 
bronze should unite solid, and can bo machined in 
tho usual way for the finished mechanism. 

Modelling. In brass castings, especially 
those of an ornamental nature, modelling in clay 
is practised in tho preparation of patterns to a 
considerable extent. Tho clay model is reproduced 
in plaster of Paris, and from tho latter tin sections 
are cast, or rather sections made with an alloy of 
three parts of load to one part of tin. These 
sections, when built up together, form the working 
pattern for tho moulder. Modelling is used in orna- 
mental ironwork also, but we give it an extended 
notice in this section on account of its application 
in the brass foundry and because most textbooks 
neglect it. 

Modelling is chiefly suitable for light and orna- 
mental castings. The actual task of modelling in 
clay is the work whore, more than in any other 
which falls to his lot, the workman may give 
expression to any artistic feeling he may possess. 
Tho general work of clay modelling is fully dis- 
cussed in another course [see Sculpture in Group 
3], and the technical details there given pennit 
us to bo brief upon that part of tho subject. Tho 
clay must bo soft and pliable. It is prepared by 
grinding, and all stones and grit are romovou. 
The tools necessary are few and simple. The most 
important are the ten fingers of tho workman, 
and he supplements those by a few boxwood 
modelling tools and floats. Tho chief work is done 
with the fingers, which press and knead tho clay into 
tho form desired. The tools aro used to impart 
the finer lines, to remove any excess of material, 
and generally to give tho finshing touches. The 
work is nearly always in low relief, as high relief 
would bo impossible without undercutting, which 
would not allow tho article to leave tho mould. 

Tho work is usually done on a modelling board, 
stiffened at the back and coated on its surface with 
a few applications of shellac varnish. Thus tho 
moisture of the clay does not penetrate into the 
board. This board is placed on trestles or on a 
bench, and the clay is pusK^ed on it and Manipulated 
as already stated, the operator working to his 
drawing. If the work cannot be completed at 
one Sitting, a damp cloth thrown over the clay will 
cause it to remam soft and pliable. Tho work 
finished, the clay is allowed to ght somewhat firm, 
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after which it is removed from the board, which 
may bo helped by pulling a piece of thin wire 
right down the board, meantime holding it across 
the full width of the board under the clay. If the 
impression of the clay model is to bo taken in 
plaster of Paris, this is generally done before the 
clay leaves the board. The tin alloy pattern is 
cost from the clay on the plaster of Paris counter- 
part in the ordinary way, and the material, while 
nard enough for ordinary handling, is pliable enough 
to bo bent and modified in shape and to have the 
ornamentation cut or deepened with ease and 
good result. 

Brass Burning. In casting brass, it may be 
that the casting desired is too large for the capacity 
of the crucibles or of the furnace. The difliculty 
IS overcome by hurdling or autogenous soldering 
I see following article]. The process consists in 
making the full-sized casting in two or more pieces ; 
then, by placing these in their proper |)Ositions in 
a sand mould and by pouring molten brass so that 
it flows around the surfaces it is desired to join, a 
homogeneous casting as strong as if it had been 
cast in one piece is obtained. In preparing the 
brass castings for burning, the surfaces where the 
join is to take place arc fileil or scraped, so as to 
free them from scale. It is desirable that the new 
metal should be hot, therefore an excess of metal 
is allowed, the first part of the pouring flowing out 
through a gate and heating the surfaces as they 
pass over them ; then the metal that remains 
finally comes upon the heated surfaces and the 
union is made. 

Plate Brass. Brass which has to be subso- 
quently rolled into sheets or out into strit)s to be 
drawn into wire [see Wirework] must retain its 
ductility, hence si)ecial precautions are necessary in 
casting the thin plates which arc to bo subject to 
this special treatment. Sometimes iron moulds 
have been tried, but have never had extended 
favour due to the fact that the brass cools off too 
rapidly, although this defect might be overcome by 
heating the moulds before casting, and by allowing 
them to cool off gradually by the application of 
external heat. 

In many places loam moulds and sand moulds are 
used, but granite moulds are also in extended use, 
and give good res\dts if properly manipulated. A 
granite mould is made of two granite slabs, the lower 
one a little wider than the iipj^er. Both have an 
even coating of clay covered with cow dung, and are 
kept at the proper distance apart by iron bars placed 
l)e tween them at their ends. The slabs are bound 
together with iron bands. Their normal position for 
pouring is at an angle of 45" from the horizontal, 
and as soon as the poured plate has solidified, it is 
removed and another poured, so that the mould 
remains warm. The plates removed from the mould 
are cleaned with wire brushes. Then they are rolled 
and sometimes hammered. Sometimes they are 
rolled hot only, and sometimes the hot rolling is 
finished by cold rolling. This depends upon the 
nature of the brass. The composition maybe capable 
of extension by rolling only if hot. Between each 
rolling the sheets are annealed to give back the 
ductlnty which the previous rolling has taken from 
them, and before passing between the rolls they are 
coated with oil. If the final sheet be required soft, 
the last pi^ocess is one of heating and quenching in 
water, while if a hard sheet be required, this heating 
is omitted. 

The sheet at this stage does not resemble brass. It 
is black, and must be pickled — that is, dipped into a 
bath made of water with 10 percent, of sulphuric acid. 
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This may complete the preparation for the 'market, 
or another bath of nitric acid in water or a mixture 
of nitric and sulphurio acids in water may be given. 
Nitric acid dissolves zinc more quickly than it 
dissolves copper, so that a sheet that has come 
from a nitric acid bath has a surface richer in 
copper than the body of the sheet ; hence a redder 
shade of brass. 

Casting Bronxe Statues. France is the 
headquarters of statue-founding in bronze. In that 
country the appliances and methods are the best, 
and the results unexcelled, and seldom equalled. 
The old process of statue-founding was by what is 
known as the cire perd?/ process [see Bronze Casting 
JN Arts], and this is stilj practised. Bv this process a 
rough model of the object is first made in sand or 
porous cement, and this is coated with wax to the same 
thickness as the metal which is to form the statue. 
Then the artist works upon this wax surface, giving 
the final form by delicate touches. Then several 
pieces of wire are pushed through the wax into the 
core. Now the wax is carefully coated with liquid 
sand, and is placed in an iron frame, which is filled 
up with sand, ^’he frame is taken to a warm place, 
where the moisture escapes from the sand, which 
becomes firm. Holes are now pierced through to the 
W'ax coating, and the frame is then placed in a hot 
oven, where the wax melts and runs out, leaving the 
(!oro supported in ])osition by the wires which were 
inserted for the purpose. Bronze is now poured in 
by the holes through which the wax escaped, and the 
statue is cast. If this process produce a perfect 
statue, all is well, but tnis result is by no means 
certain. The operation is delicate, Haws are fre- 
quent, and if the statue be imperfect, the work of the 
artist has gone for nothing, because his wax model 
has been dt^stroyed in the ])rocess. For this reason 
the cire perdu process has been superseded in the best 
French practice by a less risky process, which leaves 
the work of the artist uninjured if the easting be 
bad, so that subsequent attempts may be made 
without the necessity of beginning the work again 
de novo. 

Piece Moulding. By this newer method 
the sculptor makes ,his design in plaster, and the 
rest of the work is mechanical, albeit demanding 
a high degree of skill on the part of the founder. 
The plaster statue is placed in a bed of sand, so 
that it may rest solid and still bo comparatively 
safe from injury. Then the moulder b^ins the 
ojwration of piece moidding, so-called. Selecting 
a small section of the statue, ho presses sand into 
every crevice in it, and obtains thereby a mould 
giving an exact impression of that section to 
which ho has been devoting attention. He does the 
same with another section of the statue, and so on 
until he has the whole surface of the plaster statue 
impressed upon the several moulds that he has 
made. The plaster statue itself may now be put 
aside, and may not again be required. The small 
impressions that have been taken in sand are care- 
fully fitted together in their proper places in the 
mould- box — a task requiring high skill. A rough 
facsimile is now made, a little smaller than the 
original statue, and this does duty as a core, the 
space between the two faces representing the 
thickness of metal of which the statue is to be. 
The mould and core are then dried in an oven to 
remove moisture, and to harden the sand. Vents 
and runners are made, and when all is ready the 
casting is poured. Should it be faulty for any reason 
.«th0 operation, mqat be rqpea^ted ; W .this is not the 
eerkHis- matter 4t is by the circ perdvr process, beeauM 
the plaster statue remains upon which to work. 



In statue-founding great care is taken in selecting 
the metal. Ck>lour and homogeneity depend upon 
the bronze alloy, and no metiu of which the exact 
composition is not known is allowed to enter. No old 
brass and copper are used, and the ingot copper 
employed is usually purified by liquidation before 
the actual process of founding. Good work is pos- 
sible only by having a highly finished mould capable 
of producing a sharp casting which will require only 
very little chasing. The sand employed is also 
important. It must be carefully selected ; it is 
usually blended to suit the nature of the work in 
hand, and is then passed between cast-iron rollers 
to give it uniformity. The moulding boxes must bo 
accurately fitted, and their edges are usually planed. 

Dressing Castings. Castings which come 
from the mould must bo dressed or fettled bcft)ro being 
ready for the more delicate operations of finishing. 
The nature of the dressing depends upon the metal 
under consideration, the perfection or, rather, imper- 
fection of the casting, and upon the subsequent 
finishing processes, if any, to which it is going to bo 
made subject. The processes of dressing castings 
are similar whatever metal may be employed, and 
we shall describe briefly the appliances used, havhig 
special regard to the fact that we are considering 
castings of brass and bronze. 

The usual extraneous metal upon a casting as it 
emerges from the sand takes tne form of ragged 
edges, fins and spurs. Cores are removed from 
castings usually in the foundry, and if they be large 
this is usually done before the casting is quite cold. 
A casting is trimmed, the first process entailing tho 
removal of prominent spurs, by being chi'p'ped, by tho 
hammer only, or, if necessary, with the assistance of a 
cold chisel. Sometimes pneumatic hammers [see 
Machine Tools] are used. Then fins, which aro 
not sufficiently prominent to bo properly removed by 
this means, are nibbed, generally with old files, which 
have served their first usefulness in the fitting or 
machine shop. Sometimes cast-iron files are used. 
For brass there are not tho same reasons of economy 
for the use of old files, and good files may be em- 
ployed, tho brass being softer. Then the castings 
are usually ground. Grindstones used to be employed, 
but the better jiractico is to use emery wheels [see 
M ACHINE Tools]. They are better than grindstones. 
They should not bo “ forced ” — ^that is, the work 
should not bo presfe:ed against them with too great 
force, as this is bad for both the work and the tool. 
For large castings, which cannot bo moved about 
over the periphery of the wheel, an emery wheel fitted 
to the end of a fiexible driving shaft may be used. It 
can bo appL^'d to any accessible part of a stationary 
casting but brass castings are seldom of so largo size 
a$ to demand treatment by this method. But a 
wire brush mounted upon a flexible shaft in this 
manner is often used, and is valuable as an instru- 
ment for removing adhering sand. 

Dressing by Sand-blasting. Another 
process often employed for small castings is that 
of “rumbling” — that is, placing them in a cylin- 
drical cham^r which is made to revolve upon a 
horizontal axis. As this process wears tho edges 
.chiefly, it is not suitable for small castings of an 
ornamental nature. A similar process is employed 
in pin manufacture, and also in tinning. Sharp 
eand, small star-shaped castings, known as “ stars,^’ 
and sometimes sawdust are placed inside the 
rambling cylinders, and made to revolve with 
the castings under treatment. But perhaps the 
bwftt meth^ of cleaning cast surfaces is by a sand- 
oiast fnachine. * This ingeiuoas invention — similar 
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to that used for decorating glass [see Glass] 
—is a vessel in which a supply of sand is contained 
in a chamber with an aperture at the bottom, this 
aperture being capable of regulation as to size, and 
as a thin stream of sand falls through the aperture 
it encounters an air blast — usually from 5 lb. to 
16 lb. per square inch — ^which carries it through a 
flexible tube to a nozzle, whence it is blown upon 
tho surface of the casting. Tho workman guides tho 
nozzle, and its value over the tumbling process 
already described is that the work can be directed 
to the points where it is most required, and not to 
prominent points only. 

Brass Spinning • Tho die press and the draw 
press have modified the practice of working sheet 
metals considerably, not only by doing away with 
tho need for much of the hand or “ piece ” work 
formerly undertaken, but also by making possible 
many forms of work formerly unattainable. The 
{)rocess of spiiming sheet-metal is usually subse- 
quent to tho work of the press, which is an economi- 
cal means of securing a blank suitable for spinning. 
Spinning is an operation whereby an object such aa 
a reeded curtain-pole end, a brass bed-knob, or a 
berry pan is given its shape. The operation is 
simple, but clever. It can bo carried out upon work 
in tne flat state which has been cut out by hand or 
by press, but it is economical in most cases to put 
the work through tho draw press before spinning. 
For spinning, a “ former ” is required. This former 
must bo of tho shape which it is desired tho final 
form of the article shall have. Tho widest part of 
the former must never be larger than the narrowest 
neck of the spun article, else the former could not 
be withdrawn after the article had been spun. 

The Spinning Lathe. Tho lathe, in which 
the work is performed, is a machine with a bed and 
fixed headstock having a chucking arrangement suit- 
able for holding tho articles, usually of cylindrical or 
cup shape, or something approaching thereto. The 
article is held in position on tho formers by a mov- 
able tail stock, and special burnishing or friction 
rollers carried upon a compound slide-rest are 
made to press against tho work, and cause the 
metal to “ flow ” into the required shape, the form 
being given by applying tho pressure at the proper 
points. It is possible to give by spinning not 
only plain ridges and grooves but ornamental 
patterns, such as milled, beaded, and spiral edges, 
such forms being attainable by tho use of pressing 
rollers and formers carrying the particular pattern it 
is desired to impress upon the work. For spinning 
work, tho result depends upon the high speed at 
which the work is made to revolve. The operation 
wo have described utilises burnishing or friction 
rollers attached to the slide-rest. This is the modem 
practice, and is tho best for cheap work where thou- 
sands of one article are being made ; but for some work 
other than brass, such as spun Sheffield ware, it 
is common to use burnishers, held by hand and 
pressed against tho work without mechanical aid 
other than the strength of the workman. 

Spinning is possible by reason of the malleability 
of the material employed. The effect is to cause 
hardening just as in the operations of drawing and 
raising metals, and therefore annealing is necessary 
when tho work of spinning is of a prolonged cha- 
racter. Besides the brasses, Britannia metal is 
used, and in a lessor degree zino and aluminium. 
The “ forms ” or chucks are of hard wood usually, 
attached to the mandrel nose. Only when largo 
numbers of similar pieces are required are forms of 
metal employed. * 
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Articles of Partnership. Interest and Division of Profits. Admission of 
Partner. Dissolution of Firm. Division of Ledger. Balancing by Sections. 

PARTNERSHIP ACCOUNTS 


U S® has been made in the preceding pages 
of the words “ partners ” and “ firm,” but 
the general question of partnership has not 
hitherto been considered. sSir Frederick Pollock, 
in his work on the subject, defines partner- 
ship as “ the relation which subsists between 
'persons who have agreed to share the profits 
of a business carried on by all or any of 
them on behalf of all of them,” and it is difficult 
to imagine a more comprehensive detinition 
in few words. The legal relations between 
partners and the outside world arc defined by 
the Partnership Act, 1890, which codified the 
law on the subject, and that statute contains 
the regulations under which partnerships are 
carried on in the absence of any special agree- 
ments between the members of a firm. It is 
usual, however, in practicic for a formal agree- 
ment defining their rights and liabilities to be 
drawn up and executed by i^artners in a 
business. 

Articles of Partnership, This docu- 
ment is entitled “The Article.sof Partnership,’’ 
and deals, amongst other matters, with tiie 
amount of capital to bo contributed by each 
partner, the limit up to w'hich each may draw 
money from the business on account of his 
share of the profits, the way profits and losses 
are to be divided, the question whether interest 
is to be allowed on tin? capital introducf^d or 
charged on the amounts withdrawn, and the 
method of arriving at a partner’s share of the 
property in the event of dissolution of the 
p.irtnership. The manner in which these 
matters are dealt with varies in different firms, 
and is a matter which concerns the partners 
only. 

The principal points of difference between 
the accounts of single traders and partnership 
are three in number : 

1 . Each partner has a separate capital account, 
which is divided into (a) capital account ; 
and (b) drawings account ; 

2. Interest on drawings and capital ; 

3. Division of profits and lo.s.ses. 

There is no hard and fast rule for any of these 
matters ; they arc the subject of agreement 
between the partners themselves. 

Separate Capital Accounts. A separate 
account for each partner is absolutely necessary, 
as each individual member of a firm is entitled 
to his own share of the partnership property 
and no more. The amounts contributed 
by the partners are in the majority of cases 
unequal, and it would clearly be inequitable 
to amalgamate the capitals and give each 
partner equal rights irrespective of* the amount 
he had brought in or of the work he was to 
perform. The sum contributed by each partner 


is therefore debited to cash and credited to 
him on a separate capital account opened in 
his name. If a partner should bring into the 
business any property other than cash, an 
account is opened and debited with such property, 
the partner being credited with the value as 
agreed with the other members of the firm. 

It is expedient also to have a separate account 
for recording the drawings of the partners 
from the business. The amounts drawn may 
be numerous, and it is very undesirable to have 
a large number of small items of cash and 
goods debited to the capital account proper. 
As already explained, when a partner draws 
cash on account of his share of the profits he is 
debited with the amount, cash being credited. 
At the end of the financial year, when the accounts 
are balanced, his share of the i)rofits is ascertained 
in accordance with the provisions of the partner- 
ship articles, and he is credited on his drawing 
account with the amount. The excess of his 
share over his drawings is then transferred 
to the credit of his capital account. 

Interest on Capital and Drawings. 

The qtiestion of interest is one entirely within 
the discretion of the partners when settling 
the terms of the partnership. In the absence 
of any arrangement to the contrary interest 
is not allowed, and it is tlu'ndore usual, where 
capitals are unequal and profits are not 
shared in proportion to the respective capitals, 
to stipulate that interest at an agreed rate, 
usually five per cent., shall be charged to the 
business for the use of the money and credited 
to each partner according to the amount of his 
capital. On the other hand, it is frequently 
arranged that interest shall be charged against 
the partners on their drawings, this, of course, 
forming a credit to the business. The entries 
necessary to record these charges are (1) a 
debit to the profit and loss account and a 
credit to each partner on his drawings account 
of the amount of the interest on his capital, 
and (2) a debit to each drawing account and a 
credit to profit and loss of the amount of the 
interest on the drawings, this being calculated 
from the dates on which the drawings take 
place to the date up to which the accounts are 
prepared. It may be pointed out that when 
profits are divided in proportion to the partners* ' 
capitals there is no object in charging interest 
on capital, as the net result will be the same 
as if no charge were made. 

Division of Profits. The manner in 
which the profits and losses of the business 
are to be shared depends, as a rule, upon two 
things: firotly, the amount of each partner’s 
capital; secondly, upon the share which each 
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takes in the management of the concern. It 
sometimes happens that a considerably greater 
amount of work is done by one partner than 
by another, and this is equalised by 
the working partner being allowed 
either a partner’s salary or else a 
larger share of the profits than he 
would be entitled to having regard 
to the amount of his capital. 

In order to show clearly the 
working of the drawings and capital 
accounts a specific case will be con- 
sidered. Grey and Green are partners 
with capitals of £3,000 and £1,000 
respectively. The business is managed 
by Green, for which ho is allowed 
a salary of £200 per annum. Profits 
are shared in proportion to their 
capitals, interest at 5 per cent, being 
allowed on the latter and charged 
at the same rate on drawings. 

Grey’s drawings were £50 on 31st 
March, £75 on 30th June, and £40 
on 30th September. Green’s only 
drawing, with the exception of his salary, 
Avhich ho received quarterly, was £30 on 30th 
June. The profits of the business, after charg- 
ing and allowing interest in the profit and loss 
account, was £600. [See Tables below.] 

In preparing the balance-sheet of a firm it is 
usual to show the capital accounts of the partners 
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in detail. The capital accounts of Grey and 
Green would therefore appear in their balance- 
sheet. 


Admission of a Partner. From a 
variety of causes, such as retirement of a partner, 
increased business, or want of further capital, a 
new y)artncr is frecjuently introduced to a firm. 
The terms upon which he is admited are matters 
for arrangement, and usually include the invest- 
ment by him of a fixed sum in the business and 
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Sundry Creditors, viz. : 



On Bills Payable 

685 7 0 


On Open Accounts . • 

1,819 16 6 

2,506 2 6 

Capital Accounts : 



Grey balance, Jan. 1st ,, 

3,000 0 0 


Add Interest .. 

160 0 0 


Share of Profits 

460 0 0 



3,600 0 0 


Lesa Drawings and Interest . . 

169 6 0 

3.430 15 0 

Green balance, Jan. Ist 

1 ,000 0 0 


Add Interest . . 

60 0 0 


Share of Proftts . . 

160 0 0 



1,200 0 0 


Leas Drawings and Interest . . 

;jo 16 0 

1,169 6 0 



£7,105 2 6 


. Dr. GREY’S DRAWINGS AC(30UNT Cr. 

Mar. 31 
.1 lino .30 
Sept. 30 
Doe. 31 

To Cash . . 

„ Cash 
„ Cash 

,, Tnlere.st on Drawings 
,, Transfer to Capital % 

60 0 0 

75 0 0 

40 0 0 

4 6 0 

430 16 0 

Doc. 31 

By Interest on Capital . . 

,, Profit and Loss Ac- 
count, being J of profits 

160 0 0 

460 0 0 

£H00 0 0 

£600 0 0 


Dr. 

GREY’S CAPITAL AC(X)ITNT 





Jan. 1 
Dec. 31 

By Cash . . 

„ Transfer from Draw- 
ings Account 

3.000 0 0 

430 15 0 


Dr. (DtEEN’S DRAWINGS ACCOUNT Or. 


Mar. 31 

To Cash 

60 

0 

0 

Dec. 31 

By Salary as Managing 










Partner 

200 

0 

0 

June 30 

,, Cash . . 

80 

0 

0 


„ Interest on Capital . . 

60 

0 

0 

Sept, 30 

Cash 

60 

0 

0 


„ Share of Profit , , 

160 

0 

0 

Dec. 31 

„ Cash . , 

60 

0 

0 







„ Interort on £30 draw- 










ings 


16 

0 






- 

„ Transfer to Capital % 

169 

6 

0 








£400 

0 

0 



£400 

0 

0 


Dr. 

GREEN’S CAPITAL ACCOUNT 

Cr. 



■ 

Jan. 1 
Dec. 31 

By Cash . . 

„ Transfer from Draw- 
ings Account , 4 

1,000 0 0 

, 169 5 0 

• 
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the payment of a premium to the existing 
partners. The premium is usually regarded 
as being in respect of the goodwill of tne business, 
and as it frequently happens that there is no 
account in the books representing that asset, and 
it has not been necessary hitherto to arrive at the 
value of it, the price to be paid in this respect is 
generally fixed upon the basis of so many years’ 
purchase of the annual profits. Two years’ 
purchase is a very usual price, but it may, of 
course, be either more or less according to the 
nature of the business. 

The premium may be dealt with in two or three 
different ways. The cash the new partner 
introduces as his capital will be debited to cash 
and credited to his capital account. The premium 
may perhaps be paid to the old partners direct and 
not come into the new firm’s books at all, or 
it may be paid into the firm’s bank account and 
credited to the old partners in such proportion 
as may bo agreed between them. It is some- 
times arranged that instead of a payment 
being made by the incoming partner a goodwill 
account is opened and debited with an agreed 
amount which is credited to the partners in 
proportion to their shares in the business. 

Dissolution of Partnership. In the 
absence of any agreement to the contrary, a 
partnership is indefinite as to its duration, but 
it is automatically dissolved upon the happening 
of certain events, two of which are the death 
or bankruptcy of a partner. It is not unusual 
for the articles of partnership to provide that 
upon the death of a partner his share in the busi- 
ness is to be calculated upon a certain basis 
in order to avoid the necessity of preparing 
a balance-sheet in the middle of a trading 
period. One method is to take his capital 
as at the date of the last balance-sheet 
and allow the addition of profits at the rate of 
the average for the three preceding years, 
providing also for the valuation of the goodwill. 
It is sometimes further provided, in order that 
the business shall not be crippled by the sudden 
withdrawal of a large amount of capital, that 
payment to a deceased partner’s representative 
shall be made by instalments. In other cases 
provision is made for such a contingency by an 
insurance of the lives of the partners being effected 
at the cost of the firm, which will, of course, 
receive the sum insured in the event of the death 
and use the money to pay out the deceased 
partner’s capital. 

Final Winding-up. The kind of disso- 
lution, however, which requires further explana- 
tion is the complete winding-up of the firm 
owing either to failure or to the period for which 
it was entered into having terminated, or to 
general^ agreement amongst the partners to 
discontinue business. In any of these events 
it is necessary to realise the assets and pay 
to each partner the amount due to him in respect 
of his capital. The first step to be taken is to 

g repare a balance-sheet as at the date of disso- 
ition. An account called the realisation account 
is then created, and the values of the assets as 
appearing in the books are transferred to its 
debit, the various assets accounts being closed 
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by being credited by the antounts so taransferre^ 
As the realisation proceeds, cash account will 
be debited, and the realisation account credited 
with the sums received. 

\^en the assets are sold the balance of the 
realisation account will represent the gain or 
loss on realisation, probably the latter, for assets 
seldom realise their book values. This balance 
must be treated in the same manner as if it were 
the balance of the profit and loss account. If it 
represents a gain, it will bo transferred to the 
credit of the partners and increase the amount 
of their capitals, while, on the other hand, if, as 
is probable, there is a loss, it will be transferred 
to the debit of the partners and reduce their 
capitals. Any expenses of realisation will also 
bo debited to the realisation account as they are 
paid, while cash will be credited with the pay- 
ments as well as with payments to the creditors. 
The result will be a balance on the cash account 
representing the excess of the proceeds of the 
sale of the assets over the liabilities and the ex- 
penses of winding up. As all the assets have 
been sold and their proceeds received in cash, 
the balance of the cash account will equal the 
aggregate of the balances on the partners’ capital 
accounts after the latter have been debited with 
the loss or credited with the gain on realisation. 

Self-balancing Ledgers. We have so 
far assumed that one ledger only has been used 
in the businesses with which we have dealt, 
but it will have been obvious to the observant 
reader that in undertakings whore a large business 
is carried on the debtors and creditors must bo 
too numerous to allow of all their accounts 
being kept in on© book. Whore this is the case, 
it is necessary to divide the ledger into sections, 
each sot apart for a particular class of transac- 
tions. It must bo remembered that where 
separate books are used the ledger os a whole 
consists of all the different sections, and if it is 
desired to prove the books at any time by means 
of a trial balance, it will be necessary to extract 
the balances of all the accounts in every ledger 
before agreement can be obtained. 

This, in a business where there are hundreds 
of debtors — and there are manysuch-^is a work 
of considerable magnitude ; and if when all the 
balances have been extracted the totals do not 
agree, the bookkeeper is at a loss to know in 
which ledger to look for the error. In order to 
obviate the necessity of searching through all 
the ledgers to find a difference which may exist 
in only one of them, a method has been devised 
by which it is possible to localise errors and thus 
restrict the search to the particular section 
indicated as being that in which the error has 
arisen. The system is variously known as 
sectional balancing, self-balancing ledgers, and 
balancing by totak, but, subject to very slight 
modifications, these terms refer to the sam^ 
system whichever name is employed. 

Sectional Principle. The underlying 
principle is that each ledger must contain in Usdf 
a complete double entry of all the transactions 
recorded in it. This is, of course, always the 
case where only one ledger is used, but when. 
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owing to the increase in the number of accounts, 
it becomes necessary to have more than one 
ledger, it is highly probable that while the debit 
side of a transaction may be posted to one ledger 
the credit side will be postedf to another. Thus, 
in the case of a sale of goods the debit to the 
customer would be made in the sold ledger, 
while the credit to the goods or sales account 
would be made in the general ledger. If 
nothing further were done, it would be necessary, 
in order to obtain a trial balance, to extract the 
balances of all the ledgers, but if each ledger is 
so arranged that the total of its debits is equal to 
the total of its credits, it will be possible at any 
time to extract a trial balance of each ledger 
separately, and so ascertain that the work of 
posting has been correctly performed. This may 
sound somewhat like duplicating work, but it is 
not so in fact, and the gain is so enormous in a 
large • concern that the slight amount of extra 
iroubki is fully compensated for by the result 
achieved. 

The system is only necessary in a business 
where the ledger is divided. The first division 
which is made is usually into (1) sold ledger, 
containing the accounts of the debtors ; (2) 
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bought ledger, containing the creditors* accounts, 
and (3) general ledger, set apart for such accounts 
as stock, purchases, sales, the various revenue and 
expenditure accounts, the capital and drawings 
accounts of the partners, and the assets of the 
concern, other than book debts. The sold 
ledger is frequently further divided into sections 
set apart for town and country debtors, or for 
portions of the alphabet, and sometimes for 
both. 

Separate Sold Ledgers. It will be 
sufficient for the purpose of explaining the system 
to take a case where the sold ledger is divided 
into town and country ledgers, as the principle 
applied is the same whatever the number of 
ledgers. There must bo either separate books 
of Hrst entry for each ledger (and this is the better 
method where the ledgers are numerous), or the 
books from which the ledgers are post^ — viz., 
the sales, returns inward, cash and bills receivable 
books — must bo ruled with columns for both 
ledgers, care being taken to enter the items in the 
column relating to the ledger in which the 
customer’s account is kept. The postings to the 
debit of customers of the goods sold to them will 
bo (carried out in the usual manner, and the gross 
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Jan. 

31 

To 

Cash rocoivod as por 




Jan. 

1 

By Balance b/d, being the 







Town coliirnii of Cash 






total of the balances 







Book . . 

1,208 

1 

9 



on the customers’ 







Discount (Cash Book) 

24 

6 

3 



accounts 

2.743 

16 

8 



»> 

Returns as porJioturns 




Jan. 

31 

,, Sales as per 'I’own 







Inward Book. Town 



! 



column of Sales Book 

l,42rt 

18 

2 




col. 

42 

8 

6 

Feb. 

28 

,, do. do. 

1,107 

6 

3 

Feb. 

28 


Cash and discount as 




Mar, 

31 

„ do. do. 

1,384 

12 

6 




above . . 

1,124 

6 

3 



„ Dishonoured bill as 







Bad Debt as poranaly- 






per J ournal 

27 

10 

0 




sis of Journal 

42 

8 

11 







Mar. 

31 

99 

Cash and discjonnt 

1.450 

8 

1 









99 

Bills Rocoivahio as per 













Town col. of Bills Re- 













ceivable Book 

84 

2 

6 









99 

Balance c/d, agreeing 













with aggregate of 













debtors’ balances 

2,708 

1 

4 











£«,000 

2 

7 1* 




£6.690 

2 

7 





i 

j April 

1 

By Balance b/d . . 

^ 2,708 

1 

T 
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TOWN SOLD LEDGER ADJU.STMENT ACCOUNT IN GENERAL LEDGER 

Cr. 

Jan. 1 

To Balance b/f, being total 




Jan. 31 

By Cash received as per 





of balances on cus- 





Town column of 





tomers* accounts , . 

2.743 

16 

8 


Cash Book . . 

1.208 

1 

0 

Jan. 31 

„ Sales as per Sales 




,, Discount do. do. . . 

24 

6 

3 


Book, Town column 

1,426 

18 

2 


„ Returns as per Returns 




Feb. 28 

,, do. do. 

1,107 

5 

3 


Inward Book, Town 




Mar. 31 

,, do. do. 

1,384 

12 

6 


column 

42 

8 

6 


,, Dishonoured bill as per 



Feb. 28 

„ Cosh and discount 

1,124 

6 

3 


J ournal 

27 

10 

0 


„ Bad debt as per Journal 

42 

8 

11 






Mar. 31 

„ Cash and discount , . 

„ Bills receivable as per 

1,466 

8 

1 







Town column of Bills 
Receivable Book . . 

84 

2 

6 







„ Balance c/d, agreeing 
with total of debtor^ 
balances 

2,708 

1 

4 



£6,690 

2 

7 


£6,690 

2 

7 

April 1 

TotBalanee . . | 

2,708 

T" 




1 
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total of the sales, both town and country, posted 
to the credit of the sales account in the general 
le^er. The cash, bills receivable, discount, and 
the returns inward — from customers — will 
be posted to the credit of the customers’ accounts, 
while the gross totals will be posted to the debit 
of the respective accounts in the general ledger 
relating to bills, returns, etc. This would 
complete the ordinary double entry of the various 
transactions, and the accuracy of the work could 
be tested by extracting a trial balance covering 
all the lechers. But in order to obtain the 
desired result of balancing each ledger separately, 
we must obtain from the books of first entry the 
totals of the postings made to the debit and credit 
of customers in the two ledgers respectively. 
This is done by means of the town and country 
columns in each book, which are totalled at the 
end of the month, and the amounts posted to 
accounts opened at the end of each sold ledger, 
entitled General Ledger Adjustment Account. 

The effect of this operation will be that each 
sold ledger will balance in itself, for, taking 
the case of the town ledger, the sales to town 
customers will have been separately posted to 
the debit of individuals, while the total of the 
town column in the sales book will be posted to 
the credit of the adjustment account. The cash, 
bills received, and discount, will have been posted 
to the credit of the customers individually, and 
the totals of the town columns in the cash and 
bills receivable books will bo posted to the debit 
of the adjustment account. Returns inward 
will be posted to the credit of customers, and the 
total of the town column to the debit of the 
adjustment account. It will bo apparent that 
if these entries have been correctly made the 
town ledger will balance in itself, for care has 
been taken to debit and credit to the adjustment 
account in total the items that have baen credited 
and debited to the customers separately. It will 
be necessary to dissect the journal for any items 
affecting the town ledger in order that the totals 
may be entered on the adjustment account on 
the opposite side from that on which they were 


entered in the case of the customer. These items 
may consist of dishonoured bills, bad debts, 
special allowances, etc. The result will be, if 
the work has been accurately carried out, that 
the balance of the adjustment account will equal 
the aggregate of the balances of the other 
accounts in the ledger — viz., those of the town 
customers. This balance is carried down at 
balancing time and shows at a glance the total 
of the customers’ balances then owing. 

General Ledger Adjustment. In order 
that the balancing of the books as a whole 
may be preserved, an adjustment account is 
raised in the general ledger for each of the other 
lexers, and the entries made on these accounts 
will naturally be the reverse of those madp in 
the adjustment accounts in those ledgers. In 
order that the working of the system may be 
thoroughly understood, specimens of the adjust- 
ment accounts in a town sold ledger and in a 
general ledger respectively are shown on the 
previous page. 

In the case of a small business, with only three 
ledgers — viz., sold, bought, and general ledgers — 
it might be more convenient to prepare monthly 
summaries by analysing or dissecting the books 
of first entry and showing in the form of an 
account the totals of the postings to the throe 
ledgers. Thus, in the case of the bought ledger, 
the credit side of the cash boo would be analysed, 
and the amounts which had been posted to the 
debit of persons whose accounts were kept in 
the bought ledger would be extracted, totalled, 
and entered on the credit side of the summary. 
The purchases book would give the total of tne 
postings to their credit, anti this would be entered 
on the debit side of the summary. Any returns 
outward would be taken from the returns book, 
and as those would have been posted in detail to 
the debit of the sellers, the total would bo 
entered on the credit side of the summary. Any 
bills given to the creditors which have been 
posted to their debit would be entered in 
total on the credit side of the summary, which 
would then appear as below, j. F. Q. PRICE 
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SUMMARY OF I 

lOUGHT 

LEDGER 

— 

Or. 

Jan. 1 

To Balance b/f. being total 


Jan. 31 

By Cash paid to creditors. 



u£ the balaneog of the 



as per analysis of 



creditors* accounts 

283 5 4 


Cash Book . . 

148 6 9 

Jan. 31 

,, Purcha-ses as per Pur- 



„ Discount allowed by 



chases Book . . 

190 6 0 


creditors 

6 6 0 





„ Returns outward 

18 10 0 





„ Bills payable . . 

60 0 0 





,, Balance c/d. agreeing 






with total of credi- 






tors* balances 

256 8 7 



£478 11 4 



£478 11 4 

Feb. 1 

To balance b/d 

256 8 7 





A special Dictionary, czplalaiag Coouacrcial -Terms aad Phrases, appears at the 

end of the SelLEdoeator 
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Methods of Extracting Square Root and 
Cube Root Measurement of Surface. 

SQUARE ROOT AND CUBE ROOT 


POWERS AND ROOTS 

138. When a product consists of the same 
factor repeated any number of times it is called 
a power of that factor. 

7 X 7 is the second power n or the square of 7. 

7 X 7 X 7 is the third prjwer, or the rube of 7. 

A power of a number is generally expressed 
by writing the number only once, and placing 
alter 'it, above the line, a small figure to show 
how many factors are to be taken. The small 
figure is called an index. 

Thus, 72= 49 ; 1^-= 343 ; 7^ - 2401. 

139. A number is called the square root of its 
square. Since V — 49, the square root of 
49 is 7. 

The “ square root of 40 ” is written ,^/49. 

Again, a number is called the cube root of its 
cube. 7''— 343. Therefore, the cube root of 
343 is 7. 

The “ cube root of 343 is written ^343. 

A perfect sqvare is a number whose square 
root is a whole number. A perfect cube is a 
number whose cube root is a whole number. 

SQUARE ROOT 

149. If a number can be put into prime 
factors, its square root can be ^^ritton down by 
inspection. 

Example. Find the square root of*27225. 

Since 27225 3^ x .5’^ x IR 

v^27225 --3 X 5 x 11 1C5 Ans. 

141. We know that ^/1 ~ 1, and /y^lOO — - 10, 
Therefore, the square root of any number wliich 
lies between 1 and 100 lies between 1 and 10; 
i.e.f if a number contains one or two digits, its 
square root consists of one digit. 

Similarly, since ^100 = 10 and ^10000 == 100, 
the square root of a number between 100 and 
10000 lies between 10 and 100. That is, if a 
number contains three or four digits, its square 
root consist > of two digits. 

Proceeding in this way, we obtain a general 
result — viz., the square of a number has either 
twice as many digits as the number, or one loss 
than twice as many. 

Hence, to ascertain the number of digits in 
the square root of a perfect square, mark off the 
digits in pairs, beginning from the right. Each 
pair marked off gives a digit in the square root ; 
and, if there is an odd digit remaining, that 
digit also gives a digit in the square root. 

Examples. There are three digits in the square 
root of 546121, and four in the square root of 
6774409. 

For, marking off the digits from the right, wo 
get in the first case 54,61,21, giving three digits 


in the square root, and in the second case 
6,77,44,09, the odd digit giving the fourth in the 
square root. 

The method of finding the square root of a 
given number depends on the form of the square 
of the sum of two numbers. 

Consider the number 25, i.e., 20 i- 5. In the 
figure, let AB measure 25 units and BC 5 units. 
Then AC = 20 units. Draw' the square ABDE, 
and draw CF parallel to BD. 

Make BG — 5 units, and draw GK parallel 
to AB. Then it is ^ 

easily seen that 

(1) ABDE contains ^ 

25- square units ; 3 

(2) BCH G contains 
52 square units ; (3) 
cac;h of the figures 
ACITK, GHFD, 
contains 6 x 20 
s(|uarc units ; (4) 

HKEF contaias 20-^ 
square units. 

It follows that 

252 (20 H- 5)2 202 ^ twice 202 x 6 + 52. 

The result may he written in the form 
252 =: 202 + (twice 20 q- 5) x 5. 

142. Hupposo we are required to find the 
S(juare root of 625. By Art. 141, there will be 
two digits in the square root The greatest perfect 
square which is not greater than 6 is 4 — /.<?., 2^. 
Hence, 2 is the first, or teas, figure of the root. 
Subtract this 202 from 625. The remainder is 225. 
Now, by Art. 141, if 625 is a perfect square, this 
remainder must bo equal to (twice 20 4- digit 
required) x that digit. Tw'ice 20, or 40, is there- 
fore a trial divisor. Now’, 40 divided into 225 
gives 5 for quotient. Wo therefore try whether 
(40 h 5) X 6 is equal to 225 ; and, finding this 
to be the case, we know that 5 is the digit we 
wanted, and that the square root of 025 is 25. 

Example 1. Find the square root of 74529. 

7,45,29(200 H • 70 4- 3 
2002 4 00 00 

3 45 29 

70 X (tw’ice 200 4- 70 = 3 29 00 
16 29 

3 X (twice 270 4- 3) = 16 29 

Explanation. Thoro will be three digits in 
the root. The greatest square number below’ 7 is 
4, i.c., 2*. Hence, 2 is the hundreds figure of the 
root. We subtract 200*, and obtain a remainder, 
34529. We now have twice 200, t.e., 400, for 
a trial divisior ; and 400 divided into 34529 
gives 80. By trial, wo find 80 is too large, since 
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80 X (400 + 80) is greater than 34629. Wo 
therefore try 70. This gives 70 x (400 + 70) 
~ 32900, and this, when subtracted from 34529, 
leaves 1629. 

We have now completed the subtraction of 
270* from the original number, and found a 
remainder 1629. 

Next, use twice 270, i.e., 640, for a trial 
divisor. 540 into 1629 gives 3. And 3 x (540 
+ 3) = 1629, so that, after subtraction, there 
is no remainder. 

Also, since [Art. 141] 273* = 270* + (twice 
270 + 3) X 3, we have now subtra.'jted 273* 
from the given number 74529. Hence, as 
there was no remainder, we know that 273' 
- 74529, so that the required square root is 273. 


The 'working is abbreviated as follows ; 

7,46,29(273 A ns. Explanation. As above, 
47)3 45 — — — digit of 

54 3)16 29 

' 2, and subtract from 7, 

in one process. Remain- 
der is 3. Write the next pair of digits, 45, after 
the 3, giving 345. 


Double the digit of the answer, which has 
already been found, obtaining 4 as a trial 
divisor. 4 into 34 gives 8, which, as we saw 
above, is too large. Try 7. This proves small 
enough, so wo write the 7 after the 4 of our trial 
divisor, and put 7 into the answer. Multiply 
47 by 7 and subtract from 345. Remainder is 16. 
Bring down the remaining two digits, 29, of the 
given number. Double the 27 of the answer, 
obtaining 54 as trial divisor. 54 into 162 
gives 3. Write 3 after the 64 and 3 m the 
answer. Multiply 543 by 3 and subtract from 
1629. There is no remainder, and 273 is the 
required square root. 


Example 2. Find the square root of 
2310-7249 

2.3, 10 -72,49,(48 *07 A ns. Mark olf the digits 

88 ) 7 10 ’ in pairs from the deci- 

9607T~6 7249 Proceed 

as in Example 1. 

After obtaining the 
first two figures of the square root, 48, wo 
reach the decimal point in the given number. 
Wo therefore put a decimal point in the answer, 
and bring down the next two figures, 72. Tiie 
trial divisor is 96, and 96 into 67 gives 0. Put 
0 in the answer, and bring down 49. The 
trial divisor is now 960, and this gives 7 for the 
remaining digit. 


148. In the case of a number which is not a 
perfect square, the process of finding the square 
root can be continued to as many decimal 
placlA as we please, but never terminates. 

The square root will not be a recurring deci- 
mal, for a recurring decimal can be expressed 
as a vulgar fraction in its lowest terms ; and, 
if we square such a fraction, the numerator and 
denominator will still be prime to one another— 
♦,e., the square is a fraction, and so, of oourse^ 
cannot tie equal to the given numbpr. 
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Example, Find the value of to four places 
of decimals. 

2 (1-4142 
24)100 
281 ) 4(W 
2824)n900 
28282 ) 60100 
”■3836 


We consider that 2 is 
2-0000... and bring down 00 
at each stage of the work. 


A number such as or ^/5, which cannot 
be exactly expressed as a decimal is called an 
Incommensurable Number, or a Surd. 

144. To obtain the square root of a vulgar 
fraction we take the square root of the numerator 
and the square root of the denominator. 

For, the square of | is J x }, f.e., There- 
fore, 




In the case of a mixed number, wo reduce it 
to an improper fraction and proceed in the 
same way. 


Example 1. 


Find the square root of 19J8. 

1Q K> ‘)rtX 
U ' i I* • 


/. Square root = == = 4^ Ans. 

V49 7 

If the denominator is not a perfect square, 
we multiply both numerator and denominator 
by such a number as will make the denominator 
a perfect square. 

Example 2. Find the square root of f, to 
three places of decimals. 


/f_ /15_ 3-872... 

V 5' \/-5x5 J 26 5 5 ' 

= ’774 ... Ans, 


145. Applications of Square Root. 

In the course on Geometry it Avill bo proved 
that if one angle of a triangle is a right 
angle then the square on 
the side opposite the 
right angle is equal to 
the sum of the squares 
on the other two sides. 

This property enables us 
to find the length of the third side of a right- 
angled triangle when we know the lengths of 
the other two sides. 

Thus, if the angle C is a right angle, and 
we know that BC — 3 and CA = 4, then 
AB*=5 3*+42 = 9+ 16= 25. 

AB = V 26 - 6 . 

Or, if we know that AB = 37 and AC = 36, 
then 

BC' = AB* - AC =J7* - 36* = 144. 

.-. BC= ^144= 12. 

Example. How long is the diagonal of a 
rectangular field whose length is 153 yd. and 
breadth 104 yd. ? 

The square of the diagonal = 163* + 104* 

= 23409+10816 
= 34225. 

Diagonal = ^34225 = 186 yd. ilna. 
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146. The following is 6 common type of 
problem in square root. 

Example. The members of a club each 
subscribed as many sixpences as there were 
members of the club. The total sum was 
£455 12s. 6d. How many members were there ? 
£ s. d. 

455 12 6 
20 

9112 s. 

2 

1,82/25 sixpences (135 members Ana. 

23) 

265) 13 25 

Explanation. Evidently the number of six- 
pences subscribed is the square of the number 
of members. Wo therefore reduce the given sum 
to sixpences, and find the square root. 

Other problems will be met with after the 
chapter on Areas and Volumes. 


CUBE ROOT 


147. If we can find the prime factors of any * 
)erfeot cube, we can write down its cube root 
)y inspection. 

Example. Find the cube root of 74088. 


8174088 
“9261 
1029 
jr43 
49 


74088 = 8x9x3x7x7x7 

- 2^ X 3'^ X V 

V74088 = 2x 3x7 
= 42 Ans. 


148. Since 1^= 1 and 10^= 1000, therefore, 
the cube of a number which lies between 1 and 
10 lies between 1 and 1000, t.e., the cube of a 
number of one digit contains either one, two, 
or three digits. 

Again, since 10** = 1000 and 100^ 1000000, 

the cube of a number of two digits contains either 
four, five, or six digits. 

Proceeding in this way, we see that the cube 
of a number contains three times^ or one less or 
two less than three times, as meny digits as the 
nwinber. 

Hence, to find the number of digits in the 
cube root of a given number, we mark off the 
digits in set., of three, beginning at the decimal 
point, and marking both to the right and to the 
left. 

149. The simplest method of finding the cube 
root of numbers whose prim? factors are not 
known is analogous to the method of finding 
square root, being based upon the form of the 
cube of the sum of two numbers. 

The student can easily verify for himself 
that 

673=60®+3x 602 X 7+3x 60x 72+7* 

^ = 602+ (3 X 602+ 3 X 60 X 7 f 72) X 7. 

If, then, from some given number, we first 
subtract 60®, and then subtract (3 x 602 -f, 3 x60 
X 7 + 72) X 7, we shall, altogether, have sub- 
tracted 67®. If we now have no remainder we 
conclude that the given number is 67®, i.e., 
that its cube root is 67^. 

It should be noticed that 3 x 66® is the same 


thing as 6® X 300, and that 3 x 60 x 7 is the 
same as 6 x 30 x 7. In working examples wo 
shall use the second of these forms, as there is 
possibly less chance of the student making any 
mistake in forming the “ trial divisors.” 

By multiplication wo know that 672 = 300763. 
Let us consider how, when we arc only given 
the number 300763, we find that its cube root 
is 67. 


300,763(67 
63= 216 

62 X 300 = 108001 84 763 
6x30x7= 12601 
72 = 49' 

121091 84 763 


We first mark 
off the digits in 
threes, beginning 
at the decimal 
point — t.e., in this 
case, at the right- 
hand digit. Next, 
we know that 6®= 216, and 7^= 343. Hence, 
since 300 lies between these numbers, we 
know that the first digit of our answer is 6. 
Write the 216 under the 300, and subtract. 
In reality, of course, wo are subtracting OO^ from 
300763. The remainder is 84763. We now 
form our trial divisor, by squaring the digit 
already found and multiplying by 300 [see above]. 
Thus, 62 X 300 = 10800. Now 10800 into 
84763 appears to give 7 for the next digit of our 
answer. We try 7, forming the rest of our 
divisor by taking 6 x 30 x 7 = 1260, and 7^ 
= 49, and adding the three lines. This gives 
12109, and, on subtracting 7 times 12109 from 
84763, there is no remainder. Hence, 67 is the 
required cube root. 

Example. Find the cube root of 14706 '125. 

14706'125X 24-5 Ans. 

23= _8 

22x300- 1200 6 706 
2 x30x4-^ 240 

42= ^16 

1456 6 824 

242 X 300 - 1728001 882 125 
24 X 30 X 5 = 3600 

52= 25 


Explanation. Mark off the digits in threes. 
By inspection, the first digit of the answer is 2. 
Subtract 2* from 14, obtaining remainder 6. 
Bring down the next set of digits, making 6706. 
Form the next divisor by taking 22 x 300 
= 1200. This, divided into 6706, would appear 
to make the next digit of the answer be $. If, 
however, we use 6, and complete the divisor, wo 
find that 6 is too big. Try 4, viz., 2 x 30 
X 4 = 240, and 42 = 16. Adding, the divisor is 
1456. Subtract 4 times 1466 from 6706. The 
remainder is 882. Bring down the next set of 
digits, 125, and, since these digits form the deci- 
mal part of the given number, we put a decimal 
point in the answer. Proceed as befoire — 
t.e., square the part of the answer already 
found, and multiply by 300. Thus, 242 x 300 
= 172800. Dividing this into 882125 gives 5 
for quotient, and we complete the divisor by 
taking 24 x 30 x 6 = 3600, and 6® = 25, which, 
on addition, makes 176425. Subtract 5 times 
176425 from 882125, and there is no remainder. 
Hence the required cube root is 24*5. 
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' 150. A great amount of labour can be saved 
in forming the trial divisors, after the first. 
Thus, in the previous example, the second trial 
divisor, 172800, can bo found without working 
out the value of 24^ x 300. 


2x30x4 :240 

42 : 16 

1456 

Repeat 4^ = 16 J 
24*-'x 300= 172800 


The rule is as follows: In 
the first divisor, alreadv 
obtained, repeat the 4^=16, 
and add together eveiy- 
thing but the first trial 
divisor, 1200. This gives 
1728. 1/ we ncm add two noughts we obtain the 

value of 242 X 300. 

In actual work, we repeat the 16 mentally, 
and write down nothing more than M^as shown in 
the working of the example. 

151. The cube root of a number which is not 
an exact cube can be found to any required 
number of decimal places. If the decimal 
part of the given number does not contain an 
exact number of sets of three digits, we simply 
put on ciphers to make up^ the set, and, of course, 
use three ciphers for each succeeding sot. 

Example. Find the cube root of 4-9590954051 
to four places of decimals. 

4-959,095 405,100.(1-7053... 

1 


Px300^- 
lx30x 7^- 

7 -’- 


300; 3 959 
=210 
=_49: 

559, 3 913 


1702x300 =867'(K)0() 
170 x 30 x 5 = 25500 
52 = 25 


46 095 405 


8696525 43 477 626 


17052 X 300=8721075002617 780100 
1705x30x3= 153450 

32 = 9 

8722609592616 782 877 
997 223 


Explanation. After obtaining the first two 
figures, 17 , of the answer, the remainder is 46. 
Bringing down the next three figures we obtain 
46095. Our trial divisor (obtained, as already 
explained, by adding^together 210, 49, 559, and 
49, and affixing two noughts) is 86700. This, 
divided into 46095, evidently gives 0 for the 
next figure of the answer. Therefore, after 

putting 0 in the answer, we bring down the next 
thr^ fibres, and obtain 4609^05. The trial 
divisor is now 170® x 300, which means we have 
simply to put tw'o more noughts on to the 86700 
already obtained. Wo then proceed as before. 

EXAMPLES 18 

By the method of factors, find the value of 

1 . <774629. 2 . >/i 624 r 

«IV27300C25. 4. ^4566M. 

8. *<718399744: e.VlS20873. 

7. Find the square root of 98765-6329. 

8 . Find the square root of 3f correct to three 
places of decin^. 

9. Find the mhe root of 30059144, and of 
926^7*400720047. 

10. find the cube root of 

1786 


11. The side of a jsquare is 5 ft, X^nd, to 
three places of decimals, the lengtE W Ihe 
dia^n^. 

Iz. A man spent £19 5s. 4d. in buying books. 
On the average, each book cost as many pence 
as there were books. How many books did 
he buy ? 

13. On a tour, a man spent each day 5 times 
as many sixpences as the number of days the 
tour lasted. If he 8(jent, in all, £6 2s. 6d., how 
long did the tour last ? 

14. The foot of a ladder 50 ft. long is 14 ft. 
from the wall of a house, and its other end just 
reaches the top of a window. When the foot 
of the ladder is moved to a distance of 30 ft. 
from the wall, the other end just reaches the 
bottom of the window. What does the window 
measure from top to bottom ? 

MEASUREMENT OF SURFACE 

152. The chief surface with which we are oon- 
erned in arithmetic is the rectangle 

A rectangle is a four-sided figure in which 
^ each side is equal in length to the opposite side, 
and each of the angles is a right angle. 

The length and breadth of a rectangle are 
called its dimensions. 

If the length and breadth of a rectangle are 
equal, the figure is called a square. We see, 
then, that the unit of surface, the square yard 
in the tables on page 415, means a square surface, 
each of whose sides measures a linear yard. 

153. The number of square feet (or inches, or 
yards) in the area of a rectangle is equal to the 
number of linear feet (or inches, or yards) in 
the length multiplied by the number of linear 
feet (or inches, or yards) in the breadth. 

This statement is usually abbreviated into 
Length x Breadth = Area. 

154. Since, Length x Breadth = Area, it 
follows that Length = Area -j- Breadth, and 
Breadth = Area -4- Length. 

Example 1. A plot of ground containing 
1 acre is 44 yd. wide. What is its length ? 

Length = ^^yd. 110 yd. Ans. 

Example 2. It costs £5 10s. 3d. to carpet a 
floor 21 ft. long with carpet at 3s. a square yard, 
Find the breadth of the floor. 

Here, the number of square yards in the floor 
is equal to the number of times 3s. is contained 
in £5 10s. 3d. 

We must then be careful to divide the number 
of square yards in the floor by the number of 
yards in the length, and not by the number of 
feet. Hence, 

Area of floor square yd. 

08. 

-i^squareyd. 

Length of floor = 21 ft.= =7 yd. 

/.Breadth of floor = i^yd.= ^yd. 

es 61yd.=^15ft^inj^n. 
H. J. ALUfORT* 
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GROUP 1-SUCCfcSS ‘ THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 14 

The Old View of Leisure and the New. Efficiency, 
not Base, now the Aim of Spare Moments. 

THE RIGHT USE OF LEISURE 

T here was a time, not so long ago but chiefly in the country, among pleasant 
that living people can remember it, . seats and homesteads, and was fond of 
when the linking together of two such sauntering by the fruit-tree wall, and 
words as " leisure ” and " success ” wo\jld scenting the apricots when they were 
have been regarded as highly incongruous, warmed by the morning sunshine.” 
except that leisure 'was a great reward We fancy that Old Leisure is still alive, 
of success. Leisure as a contributor to but he is not the leisure who matters 
success was unthinkable. They belonged much to the modern world. The Leisure 
to different ends of life. Success was an to be introduced here is a thoroughly 
outcome of ceaseless work, in youth and practical fellow, partner to Effort through 
prime, and leisure anywhere in those the busiest years of life 
neighbourhoods was looked upon as the Leisure is simply free time ; and its 
playground of the devil. three uses, all of which may. contribute 

In looking at these things now we have to making life a success, are, first, as an 
changed our position a long way from the opportunity for preparation ; second, as a 
point of view of our forefathers ; and with recreative interlude ; and, third, as the 
good reasons. For what they called work reward of a fuller life, after some pre- 
was quite unlike what we call work ; our liminary success has been attained, 
need for leisure is comparatively new ; Putting these three uses into other words, 
and the methods of using it far more before commenting on each separately, 
varied and incomparably richer in results we may use leisure to widen and deepen 
than w'ere theirs. our knowledge, experience, and skill so 

The long, slow operations thev called as to be ready for better work ; we may 
work did not drive them to demand, tise it to refresh ourselves for the next 
imperatively, relief through leisure ; and, round of duty ; and if our w'orking life 
when won, {heir leisure w’as comparatively has been circumscribed, we may wun our 
colourless, and soon in danger of bringing way through to a leisure which will enable 
them to the state of not knowing what us to reap an aftermath of enjoyment 
to do with themselves. In truth we have denied to us by our more strenuous years, 
few lessons to learn from the leisure of Leisure is the raw material offered to us 
the past — Old Leisure, as George Eliot for our use by Life outside the routine 
calls it, in playful impersonation. It was of our business. We may take it efr leave 
a state into which people declined, and it. Each of us has some of it easily 
sometimes still decline, but that only1|^vailable for making himself a more 
asks from us now a passing reference. ' efficient man. “ Yes,” an objector may 
” Leisure is gone,” said the creator of say ; ” but if we use it seriously it no 
Adam Bede — ” gone where the spinning- longer remains leisure.” P>ut is not that 
wheels aie gone, and . the pack-horses, largely a matter of taste, and of self- 
and the slov/ waggons, and the pedlars schooling into utilisations of time that 
who brought bargains to the door on will be at once useful and delightful ? 
sunny afternoons. Ingenious philosophers For instance. A., B., C., and D. all finish 
tell us that the great work of the steam- their routine duties, by which they earn 
engine is to create leisure for mankind, a living, at the same hour, and have two 
Do not believe them ; it only creates a or three hours a day for clear leisure, 
vacuum for eager thought to rush in. A. devotes all this time to sport— tennis. 
Even idleness is eager now. Old Leisure cricket, football, boating — or to thoughts, 
was quite a different personage. He was or business, associated with sport, and he 
a contemplative, rather stout gentleman, feels he has a right to do this in a spirit 
of excellent digestion, of quiet perceptions of pure leisure. B. has no such interests, 
undiseased by h5q)othesis. He lived but slacks away his time, perhaps with 

PERSONALITY, EDUCATI^IDEAS, QUALITIES THAT WIN IN THE WORLD 

2 * 0.1 " 1737 



QROUP1-aUCOK8S • 

some casual attention to one or two 
trifling 1 lobbies. But C. realises that the 
business in which they are all engaged 
branches out into many ramifications, 
touches several distinct departments of 
knowledge, requires somebody, in superior 
positions, to understand its commercial, 
or industrial, or scientific bearings, and 
so sets himself to read all round the 
subject, to think out its problems, and 
prepare himself some day to take almost 
any -part in its operations. 

Every step in such a study becomes 
naturally interesting. So far from inquiry 
being a labour, it may even need to be 
guarded against, lest it become too 
absorbing, and tremh on the tinie that 
may wisely l)e given to physical exercise 
and mental relaxation. 

Then, D., the fourth member of the 
group, less drawn by business considera- 
tions, feels he can best keep up his mental 
fitness by some general course of reading, 
and organises a portion of his leisure 
accordingly. Do those who. in this way, 
make a definite use of their leisure spoil 
it as leisure, in comparison with those 
who fritter it awa}^ ? Does the man who 
reads as he travels forfeit his leisure in 
comparison with the man who talks golf ? 
The interest felt by the one in his pre- 
occupation is as natural and as truly 
leisurely as the interest felt by the other, 
while the one has a definite use and the 
other only an aimless drift. 

The plain truth is that, next to diligenc(j 
in business, success depends on diligence 
in some interesting activity outside 
business — that is, an organisation of a 
substantial part of our leisure. In a 
multitude of cases this over-time, on 
which men's tastes and aptitudes could 
work freely, has furnished the opportunity 
for success later in life. 

If you watch closely men who are said 
to be lucky, because they have made new 
and successful departures in business, or 
have been singled out and trusted for 
great responsibilities, you will observe 
that they w^re given their chances, or 
seized their chances, because during their 
leisure they prepared themselves for the 
. work which they afterwards undertook, 
while others thought that the sole use of 
leisure was to live and lie reclined,'' 
c:.reless of the life that is not leisure. 

At the present moment a director of 
one of the most successful North of 
England firms— known in every part of 
im 


the world — owes his chance of gaining a 
commanding position solely to the fact 
that he not only learned how to converse 
in a certain foreign tongue but could 
express in it all the technicalities of an 
elaborate business. A foreigner of great 
trade influence, but dumb in all languages 
except his own, visited the works, and was 
received by the head of the firm ; but no 
satisfactory means of talk and technical 
explanation could be established until 
someone remembered that in the office 
was a youth who had a rather annoying 
interest in languages. He was hastily 
fetched to join the procession round the 
works, and, to the immense relief of the 

management," was soon chattering 
easily with the visitor, who was delighted 
by the lucidity of explanations given in 
his own tongue. That night the clerk 
out of the office dined at the house of the 
head of tlie firm with the distinguished 
guest, and the next day was no longer 
a clerk in the ofljce, but attached con- 
lidcntially to the chairman of the company. 
Now he is the most active of that com- 
pany’s directors. 

It is not often that such a dramatic 
promotion rewards the wise use of leisure, 
but in smaller ways, that have an immense 
aggregate effect, intelligent preparation to 
seize opportunities has its reward again 
and again, till in the end substantial 
success is won. 

And it is impossible to begin too early 
to value the uses to whicli leisure may 
be put. Often, for example, between 
school-days and the time when settled 
work begins, there is an interval of un- 
engaged tinie. The youth feels he has 
done with school — a fond delusion, for 
all life is school ! — and that he may well 
have a rest before starting on routine 
duty — a most deplorable interregnum ! 
This is the kind of leisure that justified 
some of the old writers — as, for example. 
Young in his "Night Thoughts "—de- 
scribing leisure as a curse. Through it the 
habit of application is likely to be lost, as 
well as much time that might have stored 
some reserve of knowledge. Youth knows 
of no such process ‘as lying fallgw — the 
gardening of the mind must go on, or 
" things rank and^ gross in Nature " will 
take possession of it. 

It is no argument whatever to point 
to men who in later life arrived at weli- 
deserved eminence but in youth seem to 
have carried leisure to the length of 



laziness. Robert Louis Stevenson may be 
named as the type. But Stevenson was 
always working a mind insatiable in its 
curiosity and its search for expression. 
He might sit listening to the band playing 
in the garden, but he was busy weaving 
all the sights and sounds around him, and 
his own seeming inertia, into a philosophy 
strangely compounded of shrewdness and 
3omance. The world will forgive any- 
one for being casual, if he is a Stevenson. 

Lazy people never realise how much 
work is done by others who only seem 
lazy. They do not realise how vigorously 
such people use scraps of leisure, or how 
intensely they apply themselves when they 
work. The writer once knew a successful 
student who was regarded as a perfect 
exponent of the most admirable laziness, 
because only once in his whole career did 
he rise for “ early class " before breakfast, 
and that was when a meeting was held to 
protest against all early classes. Then he 
rose and presided. 

Yet, in reality, he was probably the 
hardest worker in the college, judged by 
activity of mind when he was out of bed. 
and by intensity of apj^lication when he 
professed to work. The slacker and the 
waster of time are often self-deceived 
when they see others apparently “ taking 
it easy.*' What they see may be the 
temporary relaxation of strenuous workers. 
And es])ecially arc they deceived if they fail 
to understand how all successful workers 
forge scraps of leisure into usefulness. 

In this age of daily travel it is no un- 
common thing for an eighth of a man’s 
waking life to be passed in moving to 
and from his place of occupation. Quite 
half of that eighth is h isure, capable of a 
wTll-considered use. All that is needed 
is that we shall decide first to what use 
the time shall be put, or which of our 
mental or business resources it shall 
enrich, and then that wc shall organise 
its fruitful appropriation. 

But the man who works with a will at 
his own business, and also makes a care- 
ful use of a reasonable share of the time 
that is not occupied by that business, 
will certainly need at intervals the second 
kind of leisure that has been mentioned — 
the recreative interlude. Sooner or later 
he will discover that the nightly relaxation 
of home is not enough. He needs to break 
away for a change as the best form of 
rest, and such organised leisure will not 
only prove indispensable to success, but 
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may be the only safeguard against positive 
failure. Without recuperation fromiWclL 
planned leisure, the racket of business and 
the attempt to live up to the pace of 
modern business machinery will wear 
out the strongest. 

But here arises one of the most insidious 
of the dangers of modern life. How can 
a man distinguish between the leisure that 
is really needed and the leisure that is 
wished for ? Leisure both for recupera- 
tion and as a reward during the closing 
years of life has been so skilfully organised 
that it has become highly attractive, and 
its influence is likely to wean us from duty 
unless we are strictly faithful to our- 
selves. We need to distinguish firmly 
between needed rest and lazy rest. A 
hundred golf-courses are dotted with men 
who pretend to be recuperating, when 
they are only pleasantly “ passing ** the 
time which they ought to be using 
diligently. Many a man who thinks he 
is worn by work is only worried by a 
desire to shirk work and take an easier 
course. His instinct leads him towards 
that demoralising misnomer, a ‘‘ life of 
leisure ” — as if in persistent leisure there 
could bo any genuine vitality ! 

Let ns suppose, then, that, without 
self-deception, genuine labour demands 
from leisure a ])liysical and mental renewal 
of strength, how can that recuperation be 
secured so as to contribute plentifully 
to our future success ? Are short or 
long holidays best ? The sound reply to 
these questions is that temperaments 
differ enormously, and each of us may 
wisely vary, from time to lime, the 
method and mapping out of his leisure. 

Take two extremes as illustrations. 
Tliey are genuine examples. In one 
instance a man wh(» is preoccupied 
intellectually, with his brain always on 
the whirl, finds his greatest relaxation in 
social intercourse. The fireside circle where 
talk goes round is his height of bliss, and 
from it he emerges rejuvenated. It allows 
liis mind to run down just enough. His 
longer holidays must be spent where there 
can be a pleasant stir of an intellectual 
kind. Loneliness or stagnation' would be 
torture. The bow must be slacked a 
little, but not unbent. 

In the other case a prodigious worker, 
carrying great responsibilities, immersed 
in business involving delicate problems, 
goes home to bed at the week-end, and 
stays thei'e till the call back to work on 

1730 
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Monday morning cannot be disregarded. 
The only change from bed is to baths and 
massage. What common rule can be 
laid down that would include those 
methods of refreshment ? They are too 
far apart for any bracket to enclose them 

To some of us the secret of refreshing 
change is in finding new scenes, or in 
reviving the sharply romantic impressions 
which the scenes we revisit first made on 
us. But our neighbour, as likely as not, 
will be w^orried b}' unfaniiliarity, and 
receive the healing balm of the spirit 
most readily 
from the rest- 
ing-place vhich 
he knows best. 

To some the 
brief holiday is 
the only real 
holiday, for a 
longer absence 
from formal 
duty would 
bring a throng 
of hara s s i n g 
business doubts 
that would 
more than 
counterbalance 
all the good 
holiday effects. 

Others, again, 
have the envi- 
able power of 
putting routine 
life right away, 
w^hile they re- 
fresh and refit 
during a long 
and thoroughly 
r ehabil hating 
pause. They 
can steep them- 
selves in sheer 
forgetfulness, 
o n mountain, 
stream, or sea, and feel unalloyed gladness 
in being out of call from the whole world. 

Probably this is the best of all forms 
of the leisure that has a recruiting effect. 
Whether it* has the supreme virtue or not 
can be judged by its final effects — the true 
test of the efficacy of all leisure, and its 
contribution tow^ards later success. 

That test is that it should send the 
holiday-maker back to his work with 
giisto« It shoidd make him forget for the 
time being that work is work. He should 

17 ^ 


bear his burden as if it were a decoration. 
He should rejoice as a strong man to 
run a race. There ajre people who always 
return from a holiday bad-tempered. Th^ 
first impulse is to find fault with what has 
been done in their absence, instead of 
feeling gratitude for the w'ork of substi- 
tutes. They give everybody a distasteful 
day or two until things have settled down 
afresh. In all such cases it may be doubted 
whether leisure has been used success- 
fully. It should have won back youth, vim, 
buoyancy, and good nature, and have 

stored a reserve 
of strength and 
overcoming 
spirit against 
the demands 
made by the 
dragging days 
when slow fa- 
tigue will re- 
turn, and head 
us off towards 
failure, and 
only be repelled 
by another re- 
sort to refresh- 
ing leisure. 

We have said 
little about the 
well-won leisure 
that should 
come to every 
honest worker 
t o w^ a r d s the 
close of life, but 
two or three 
points in it are 
of master in^- 
portance. One 
is that nobody 
ever truly en- 
joysleisureafter 
earliest youth 
unless he has 
won it by effort. 
Inherited leisure cannot have the true relish* 
and any leisure whicli degenerates into lazi- 
ness wears out. Therefore the leisure natural 
in some degree to age should be diversified 
by wisely planned effort of some kind, 
except, perhaps, in man’s extremest years. 
Otherwise the leisure that has contribute' 
tlirough. life to success, and later \ ^\ 
become itself a form of realised succ 
becomes a drag. Leisure that leave 
with nothing to do— with no use— i 
last calamity. JOHN 
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Grouping of Mountains and Rivers around the Fichtel Geblrge. The Rhine High- 
lands. The German States. Climate. Products. North Germany. River Basins. 

THE GERMAN EMPIRE 

I K our view from the summit of the Alps, north to the Baltic, and the March flowing 
and again in tracing the course ot the south to the Danube. Compare these 
Rhine, we have seen something of the with the Saale and Naab farther west, 
second great geographical feature of The Vistula rises a little east of the Oder 
Europe — the Central Highlands. These in the northern slope of the Carpathians, 
are a broken system of forested mountains, and flows across Russian Poland and the 
nowhere rising above a few thousand feet, North German Plain to the Baltic, 
which stretch across Europe at the arrangement of mountains and 

northern base of the Alps. rivers west of the Fichtel Gebirge is 

We grouped the complicated topography more complicated. We can make out 
of the Alps round the St. Gotthard mass three sides of a western diamond, but not 
and the mountains and rivers flowing so clearly as in the case of Bohemia, 
from it. There is a similar point in the From the Fichtel Gebirge to the north- 
Central Highlands, a sort of hub from west springs the Thiiringer Wald, or 
which mountains and rivers radiate like Thuringian Forest, connected by lower 
the spokes of a wheel. This is the Fichtel heights with the Harz to the north, and 
Gebirge, or Pine Mountains, clothed, as the Vogclsberg and Rhon to the west, 
the name shows, with forests of pine. This forms one side of a diamond. The 
Look now at the rivers flowing from it, second is formed by the Franconian Jura, 
north, south, east, and west, to all four springing south-west from the Fichtel 
points of the compass. They are : (i) Gebirge, and continued by the Swabian 

To the north the Saale, the most ini- Jura. At the western end of the Swabian 
portant tributary of the Elbe, correspond- Jura we have another important meetin^- 
ing with the Reuss in the St. Gotthard point of mountains and rivers, from whicn 
series ; {2) to the south the Naab, flowing radiate, in addition to the Swabian Jura, 
to the Danube, corresponding with the the Rhine Highlands, running north, and 
Ticino ; (3) to the east the Eger, flowing the French Jura, running west. The last- 
to the Elbe, corresponding with the named separate the Rhine from the Rhone, 
Rhine ; (4) to the west the Main, flowing and connect the Central Highlands with the 
to the Rhine, corresponding with the Alps. Tlie rivers are the Rhine, breaking 
Rhone. Indeed, the resemblance in the through the mountains and turning north 
courses taken by the rivers rising in the at what we might call the Swiss Gate, and 
St. Gotthard and tho^e rising in the the Danube, flowing east, between the 
Fichtel Gebirge is remarkable. southern slopes of the Central Highlands 

Alternating with these rivers are the northern slopes of the Alps, 

mountain ranges separating their basins. These have already been described, but 
Look these out carefully in an ordinary here their connection with the rest of the 
map. From the Fichtel Gebirge spring Central Highlands is what we must be quite 
to the north-east the Erz Gebirge, clear about. The Rhine has cut a wide 
or Ore Mountains, and to the south-east valley across this broad eastern part of the 
the Bdhmer Wald, or Bohemian Forest, Central Highlands, dividing them into 
enclosing two sides of the diamond-shaped the Eastern and Western Rhine High- 
province of Bohemia, politically part of lands. These are again broken up by the 
Austria. Between them and the Riesen tributaries coming in from east and west. 
Gebirge and Moravian Highlands, which This gives us on the east the Scljpwarzwald, 
enclose the two remaining sides, is the or Black Forest, the Odenwald, the 
Elbe, flowing to the North Sea. Between Taunus, and the Westewald. On the 
the Sudetes and Moravian Mountains to west are the Vosges, opposite the Black 
the west and the Carpathian Mountains to Forest, the Haardt, opposite the Oden- 
the east is the important gap, known as wald ; the Hunsriick, opposite the Taunus ; 
the Moravian Gate, with the Oder flowing and the Eifel, opposite the Westerwald. 

PHYSIC POllTl^TCOiiBm^^ WITH EDUCATIONAL TRAVEL 

V' ' 1741 



QROUP S^-OIOORAraV 

The Eifel and Westerwald represent the third 
side of the western diamond. 

On the east, the Neckar comes in between the 
Black Forest and Odenwald, the Main between 
the Odenwald and Taunus, and the Lahn 
between the Taimus and Westerwald. On tlie 
west the rivers coming down between the Vosges, 
Haardt, and Hunsriick are unimportant, the 
only considerable western tributary being the 
Moselle, between the Hunsriick and Eifel. The 
relation of all these highlands to each other 
should be studied in the map. 

What Germany is Politically. The 

German Em}>ire (209,000 sq. miles) dates only 
from 1871. The German Emperor, who is not 
Emperor of Germany, is the King of Prussia, the 
largest of the many independent States which 
make up the German Empire. With Prussia 
are unitcMl for political, military, and' fiscal 
purjioses the three kingdoms of Saxony, Bavaria, 
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and Wiirtemburg, six grand duchies, many 
duchies and principalities, and the free cities 
of Liibeck, Hamburg, and Bremen. All these 
are independent in their internal relations, anil 
all but the cities have hereditary rulers who rank 
among the royal houses of Europe. 

What Germany is Physically. In. a 

geographical sense South Germany consists of 
the Alpine foreland from Lake Constance to the 
valley of the Inn, a tributary of the Danube. 
In the west the frontier follows the crest of the 
Vosges, the valley of the Moselle for a short 
distance, and then runs roughly north. In the 
east it is more definitely physical, and is 
determined by the Bohmer Wald, Erz Gebirgo, 
Sudetes, and the mountains beyond the Oder. 
Then it crosses the featureless plain in an 
irregular line trending considerably to the north- 
east. South Germany thus consists of the 
Central Highlands, and North Germany of the 
plain to which they slope. 

Climate. We can deduce the general 
character of the German climate from onr know- 
led^ of the^ climate of 'Eu;rope. In summer the 
isotherms w^ approximately follow the parallels 
of latitude, in winter they wiD cross them almost 
at right angles ; that is to say, the south will 
be warmer than the north in the vaUeys in 
summer^ but there will be veiy little difF^om 
iTli 


in winter. Then the difference will be between 
the east with a severe winter, and the west with 
a mild one. 

All this is true, but we want a little more 
detail. Take the January isotherm of F., 
indicating frost. The Rhine basin lies outeide 
it, and has mild winters and early springs. 
The isotherm enters Germany at the mouth of 
the Weser, and runs nearly due south through 
Munich. East of it the winters are long and 
severe, and spring late. The isotherms of 30®, 
28®, 26® [see page 152], indicate increasing 
severity of frost, so that we can readily under- 
stand how much more intense the winter cold 
becomes as wo go east. In the Rhine district, 
when the swallows return and the almond and 
apricot blossoms are opening, snow is still lying 
in east Prussia, where the frost does not break up 
till the middle of March.” Another consequence 
of the severe winters in the east is that the 
Baltic ports are closed by ice in winter, while 
those of the North Sea are oi^n. 

The summer climate of North Germany is 
very much that of the Thames basin, both; 
having an average July temperature just ovei 
62® F. South Germany is warmer. The July 
isotherm of 64° passes near Mainz, curves a 
little south, and oscillates round the parallel of 
53®, south of which the summers are warm in 
the vallijys, esj^ecially in those of the Rhine and 
its tributaries. 

Products and Mineral Wealth. Magnih- 
cent forests cover the mountains of South Ger- 
many and parts of the northern plain, in all 
about one-quarter of the surface of the country. 
About one-balf is under cultivation, the most 
fertile part being the Upper Rhine plain, the 
Garden of Germany. Here the vine comes to 
j>erfection, yielding famous wines. Its northern 
limit is about that of the warm summers, lat. 53®. 
In the east the winters are too severe for it. 
Much wheat is grown in the Rhino plain, but in 
most other parts rye is the chief cereal. The 
potato is growm in enormous quantities in North 
and Central Germany, and a coarse spirit, sold 
as brandy, is made from it. The sugar-bwt is 
important in the same districts. Ho(>s are grow'n 
cliiefly in Bavaria, the beers of which are famous 
all over the world. 

We have seen that Germany has am important 
coalfield, the Westphalian held, mainly in the 
Ruhr valley, at the northern margin of the Central 
Highlands. Other coalfields occur in similar 
positions ; (1) the Saar field, on the Saar ; 

(2) the Saxon field, north of the Erz Gebirge, 
drained by tributaries of the Elbe ; and (3) the 
Silesian coalfield, between the Oder and the 
Vistula. Iron is found near most of them. Other 
minerals are abundant in the Central HighlandSy 
one part of which is* called the Erz Gebirge, or 
Ore Mountains^ 

The Rhine Provinces, From Basel to 
Karlsruhe the Rhine flows between the Gri^ 
Duchy of Baden on the west and the Imperial 
provinoes of Alsace and LcMrraine, annexed 
from France in 1871, on the west ' From 
Karlsruhe to Mannheim the westcM bank 
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belongs to the Palatinate, politically part of 
Bavaria. From Mannheim to Mainz the river 
flows through the Grand Duchy of Hesse, and 
from Mainz to the Dutch frontier it is in Prussia. 
The kingdoms of Wiirtemberg and Bavaria, east 
of Baden, are partly in the Rhine basin and 
partly in that of the Danube. 

The rest of Germany consists of the whole 
or part of the basins of the Ems, Weser, and 
Elbe, flowing to the North Sea, most of the 
basin of the Oder, and parts of those of the 
Vistula and Memel or Niemen, flowing to the 
Baltic. Before describing tliem a word must be 
said about the plain of North Germany, so 
different from the forested highlands of tlio South. 


proached by bridges. They look out over a 
wide expanse of grass lands and cornfields, 
drained by innumerable canals. Seawards, the 
view is bounded by the dam, beyond which 
extends a tract browsed only by sheep, .ind 
traversed by a network of salt sea runs.” 

The map of Germany east of the Elbe shows 
the character of the Baltic lakeland region. It 
is dotted with thousands of lakes, set among 
pine-woods, with irregular wooded heights— the 
Baltic Heights — rising above them. 

The North German coast has been aptly 
compared to a tattered lace fringe, especially 
east of the Jutland peninsula. Here the rivers 
flow to fresh-water haffen, or lagoons, almost 
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The North German Coast. North 
Germany consists of tw^o belts. The south is a 
low plain, sloping from the Ontral Highlands ; 
while the north is broken by wooded hills, 
forming the Baltic Heights. Much of both is 
moorland or h^ide (heath), poorly watered, and 
covered W'ith heather or coarse grass. Only 
the sheep and the bee thrive, and villages are 
consequently few and population scanty. Along 
the coast in the west is a belt of marshy but 
fertile alluvial land, consisting of deep soil, 
without a stone, formed of the sediment brought 

I down by the rivers. When drained it makes 
rich pastures. Population centres round any 
little height, on wmch are built churches and 
farmhouses, the latter with moats, and ap- 


Dy broad sand bars. In the North 
Sea, where the strong tides carry the sediment 
out to sea, the rivers form estuaries. 

The Ems and Weser Basins. The 
Ems rises in the Teiitoburger Wald, an outlier 
of tlio Thuringian Highlands. It flows north 
through a marshy country to the North Sea. 
with Emden, its port, a naval station. Separated 
from it by the Teutoburger Wald is the Weser, 
formed by the union of the Fulda from the 
Rh6n, and the Werra from Thuringia. It 
leaves the highlands by the gap known as the 
Westphalian Gate, affording a railway route. 
It flows across marshy country to the North Sea 
with the great port of Bremen at the head and 
Bremerhaven at the mouth of its estuary. 
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Tho naval station at Wilhelmshaven is on the 
Jade Bay just west ‘ of the Weser estuary. 
South of the Ems are the industrial towns of the 
Ruhr coalfield* Between the Ems and Weser 
is Bielefeld, the centre of the German linen 
manufacture. To the Weser flows the AUer, 
on tributaries of which are the fine old towns of 
Hanover, Hildesheim, and Brunswick. These 


tributaries drain the u'ooded Harz, rich in 
minerals, tho highest point of which is the 
Brocken, famous in legend. Picturesque old 
towns, with fine timber houses, are built at the 
mouth of tho Harz valleys, many engaged in 
mining. Tho free city and port of Bremen owes 
its prosperity to the deepening of tho Weser. It 
has a large import and export trade, and manu- 
factures many raw materials brought to its docks. 

The Elbe Basin. The Elbe rises in the 
wild Riesen Gebirge, part of the Sudetos, and 
receives many tributaries in Bohemia. On the 
largest of these, the Moldau, is Prag, tho capital 
of Bohemia. The Elbe enters Germany between 
the Sudetes and Erz Mountains, flowing through 
the district of Saxon Switzerland, with bottom- 
less ravines and isolated flat- topped hills. At 
tho north end of its gorge is Dresden, the capital 
of Saxony, with famous art treasures. The 
tributaries of tho Elbe drain the Erz, Thuringian, 
and Harz Mountains. The largest 
is the Saale, from the Fichtel 
Gebirge, witli Ix'ipzig, the great 
printing and publishing city, on a 
tributary, and the salt town of 
Halle on the main stream. The 
Saale flows through a region rich in 
timber and sheep pastures, which 
supply the famous Saxony wool. 

This, with the minerals of the Erz, 
is manufactured on the Saxon 
coalfield, in the busy district round 
Chemnitz, lielow its confluence 
with the Elbe, which has flowed 
through the potato and sugar-beet 
district, is Magdeburg, a groat 
fortress, and the centre of the 
Elbe sugar manufacture. To the 
east the country is marshy and 
Studded with lakes round Berlin, 
the capit^ of Prussia, on the 
SpreSt whmh flows to a tributary 
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of the Elbe. Berlin is a magnificent modem oity» 
in the centre of the North Glennan plain, with 
fine public buildings, a gf^t university, as well 
as excellent canal and railway communication, 
and numerous industries. 

Hamburg* At tho head of the Elbe 
estuary is the port and free city of Hamburg, 
the greatest commercial town in Germany, 
doing an immense trade with all parts 
of the world. Its imports are ‘very 
varied. Its exports show the character 
of the Elbe basin. They include Iron 
and machinery, textiles, woollens and 
worsteds, glass, cattle, cereals and 
timber. Altona, in Prussia, is now prac- 
tically part of Hamburg. Cuxhaven 
is a port at the mouth of the estuary, 
belonging to Hamburg, opposite to 
which is the island of Heligoland, once 
British, and now strongly fortified. 

The Kiel Canal and Oder 
Basin. Below Hamburg the Elbe 
estuary is connected by a ship canal 
with Kiel, giving a direct route from 
the North Sea to the Baltic Sea, 
without going round Denmark. Both Kiel, there- 
fore, and Liibeok, a free city and port south of 
Kiel, are, in a sense, ports of the Elbe, to which 
indeed Lubcck is jointxl by the Trave Canal. 

The Oder flows north-west, through a region 
producing rye, sugar-beet, and timber. Round 
its upjxjr course are tho Silesian coalfields, where 
Breslau manufactures wool, linen from local flax, 
and cotton. Sugar- making is important, in and 
around Frank£urt-on-th©-Odor. The Oder enters 
the Stettin Haff. Its port, Stettin, is connected 
by canal with Berlin, and builds groat ships. 

Only the lower courses of these rivers are 
German. Danzig is the port of the Vistula, and 
manufactures much of its produce. Among such 
industries are w^oollens, paper- making, ship- 
building (timber), distilling (cereals). Kbnigs- 
berg is the port of the short Pregel, and Memel 
is the port of the river Memel or Niomen. 

A. J. AND F. D. HKRBERTSON 
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Diirer and Holbein. The Fetes Galantes. Watteau, Boucher,^ 
and Greuze. Hidalgo and Inquisition. Velasquez and Goya. 

ART IN WESTERN EUROPE 


G ijrman painting of the fifteenth cen- 
tury has been admirably summed up 
by the famous 'art critic M. Reinach : 
‘' Italian art dreamed of beauty and real- 
ised its dream. Flemish art was in love 
with truth, and held the mirror up to 
Nature. German art rarely achieved either 
truth or beauty. But it succeeded . in 
rendering, with "a fidelity that was often 
brutal, the character of the German 
people immediately before and after the 
Reformation." Local schools were flourish- 
ing already in the fourteenth century in 
the various cities and districts, but com- 
paratively few of the artists* names have 
been lianded down to us, and modern 
research has had to be content in many 
cases with identifying the painters as 
" the master of such and such a picture." 

The schools of Prague, Cologne, Augsburg, 
the Upper and the Lower Rhine, abound 
in such anonymous masters, who generally 
contented themselves with setting their 
angular figures, which in movement and 
e;cpression often verge on caricature, 
against a flat golden background, without 
an attempt at landscape backgrounds, and 
without much concern for orderly com- 
position. Yet there is an undeniably 
naive charm in the sincerity of many of 
these works, though they have neither the 
beautiful colour, nor the tender sentiment, 
nor the delicate execution of the con- 
temporary Flemish works. 

Even Albrecht Diirer (a.d. 1471-1528), 
the greatest German master of all time, 
is no exception to the rule, and of pure 
beauty such as we have met in the works 
of his contemporaries in Italy but little is 
to be found in his pictures. He is intensely 
drainatic and serious, simple and direct, 
and combines to the highest degree all 
the qualities that are characteristic of the 
German Renaissance, a movement which 
was intellectual and moral rather than 
a^istic. Few, if any, artists could 
rival Diirer in the rendering of textures, 
atid this refers as much to his line en- 
grayings as to his paintings; few could 
[^invest every detail and accessory intro- 


duced in a picture with more interest ; few 
there are that could depict a simple story 
with more homely, touching directness. 
Goethe justly wrote of his great fellow- 
countryman : “ When we know Diirer 
thoroughl3^ we recognise that in truth, 
nobility, and even grace, his only equals 
are^the greatest of the Italians." 

The second of the great masters 
produced by Germany was Hans Holbein 
(1497-1543), the greatest painter of the 
Augsburg School, as Diirer had been the 
greatest of that of Nuremberg. Holbein is 
one of the few early Germans who is 
exempt from the charge of lacking tlie 
sense of beauty. He benefited by the lesson 
taught by the Italians as regards pictorial 
.composition, and developed a noble free 
style which had none of the taint of 
German ugliness. At the same time he 
retained the typical German quality of 
careful, minute observation, tempered by 
sympathetic insight into character. His 
portrait drawings, of which a vast number 
arc preserved at Windsor Castle — Holbein 
vras Court painter to Henry VIII. — show 
his unrivalled sureness of touch and 
expressiveness of line. 

Like most northerners, Holbein greatly 
loved to introduce a great variety of 
detail into his pictures, but he always 
knew how to subordinate it to the main 
theme, which it emphasises rather than 
detracts from. In such pictures as 
" The Ambassadors *' at the National 
Gallery or the merchant " George Gyze " 
at the Berlin Gallery, all the accessories 
are fraught with meaning, but do not 
draw our interest from the personages 
depicted:. And for perfect craftsmanship 
Holbein may be held up to every student 
as an example worthy of emulation. 

In France the chief representative 
of the national school of painting in the 
fifteenth century was the illuminator 
Jean Fouquet, but the history of French 
painting may be said to begin with 
Francois Clouet (a.d. 1510-1572), better 
known as Janet, an artist considerably in- 
fluenced by the Van Eycks, and one of the 
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world’B groatest miniature painters. His por- 
traits often boar a close roacmblanco to Holbein’s. 
His contomporsd^i Jehan Cousin, owed nothing 
to foreign teaching and acquired great fame 
as a painter of glass. 

Francis I., in A.n. 1531, called Primaticcio and 
a few other second-rate Italian painters to his 
country to decorate his castle at Fontainebleau, 
and this led to the founding of the school of 
Fontainebleau, from which issued a number 
of pseudo-Italian mannerists whose pretentious 
work only delayed the development of national 
Frencli art. Only, the early seventeenth century 
brought forth a few native artists of decided 
originality, notably the brothers Le Nain, painters 
of homely scenes and of camp life, who had dis- 
tinct aflinity with 
the Dutchmen of 
the time, though 
their sombre colour- 
ing connecte them 
with the Spanish 
school. 

The French 
C 1 aasicists. 

Nicolas Poussin 
(A.P. 1594-1665) 

studied in Home, 
then considered the 
fountain-head of all 
art, and learnt the 
lessons taught by 
Raphael and 
Michelangelo, and 
more by the 
antique. He was 
more classic than 
any of the Italian 
classicists, and his 
figure paintings are 
antique reliefs 
translated into 
terms of colour. 

His eclecticism de- 
barred him from 
so(ung life, movement, and emotion in Nature, 
which, in his pictures, are merely superficial 
adjuncts to classic poses. But he was a master 
of the “ heroic ” landscape, a landscape that 
is based on noble arrangement and linear pers- 
pective, and not on colour and atmosphere. 
Uaspard Poussin, his brother-in-law, was inspired 
by Nicolas in his landscapes, though the younger 
master was a little more concerned with light and 
air, and not so uncompromisingly severe. The 
same inHuenco produced the stylo of Claude 
Lorrain (a.d. 1609-1682), who is considered in 
the article on landscape art, and who was an 
artistic progenitor of the great Turner. 

Watteau and the •• Rococo ” Period. 
Another pupil of Poussin, Charles Lebrun (a.p. 
1619-1690), became Court painter to Louis XIV., 
and ruled as a veritable autocrat over the art of 
his • country, which degenerated into mere 
th^trical pathos. He wros not only entrusted 
with all official commissions for paintings, but 
was mode Dhrector of the Gobelins Tapestry 
Works, and supplied designs for sculptors, 
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cabinetmakers, and metal-workers. His paint- 
ings belong entirely to the literary order, and have 
little to do with art. The real national tradition 
w^as jperpetuated to a certain extent by the por- 
trait painters Mignard and Rigaud, and, above all, 
by Antoine Watteau (a n. 1684-1721), the great 
painter of the “ Fetes galantes,”. the . typical 
artist of tlio “ Rococo ” period. His arcadian 
scenes — French courtiers and amorous dames 
masquerading as harlequins and shepherdesses 
in delicious gardens — ^have not a trace of cold 
classicism, and hold up a faithful mirror, to 
the idle, gallant life of eighteenth-century 
society. The life he depicts is essentially artihcial, 
but there is nothing artiheial in his style. 
With all their beauty of arrangement, his scenes 

do not appear to be 
constructed accord- 
ing to a formula, 
but have a con- 
vincing air of 
reality ; and, above 
all, he is a painter 
who revels in the 
precious quality of 
the pigment and 
who allows air and 
atmosphere to enter . 
into his landscapes. 
His followers. 
Lancret and Pater, 
degenerate into a 
coarse suggestive- 
ness which is quite 
in accordance with 
the immorality of 
the Court of 
Louis XV. 

Immorality in 
Art. This ten- 
dency reaches a 
climax in lYan^ois 
Boucher (a.d. 
1704-1770), the 
“ Painter of the 
Graces,” who is the typical child of a period^ of 
degeneracy, though his works, however objection- 
abio they may appear from the moral point 
of vioAv, have undeniable decorative charm 
and superficial beauty. His pupil, Fragonard 
(a.d. 1732-1806), is a brilliant delineator of 
the nude, an artist of groat esprit, who con-, 
nects the period of untrammelled lascivious- 
ness with the downfall of the old regime 
brought about by the Revolution. Parallel 
with this current of art, which is essentiaUy 
at the service of the Court, is another little 
stream which reflects the healthier life of the 
people. Chardin (a.d. 1699-1779) is a painter 
whoso tendency is as decidedly moral and ser- 
monising as Boucher and his school are immoral 
and seductive. And just as . the latter are off- 
shoots of the Italianising classicists, so Chard^ 
is connected with Le Nain and with tlie Dutch 
small masters. Even more marked is the mor^ 
tendency of some of GreusK»’s genre pictures^ 
though in other works he appears to <3toter for. 
the sensuality of the ruling classes. But neither 



THE AMBASSADORS, BY DOLBETN 
National Gallery, London 




“THE MUSIC PARTY,” BY WATTEAU, THE ROMANTIC PAINTER OF FRANCE 







GROUP 3—ART 


of the two was the founder of a school, and the 
Revolution directed the art of France into new 
channels. ^ 

French Sculpture. The progress of 
sculpture in France during these two centuries 
was very much on the same lines as that of paint- 
ing. Tne master who dominates the seventeenth 
century, Pierre Puget (a.d. 1022-1694), did not 
receive official recognition, since he would not 
submit to the autocratic rule of Lebrun. His 
art was based on the study of the antique and 
of Michelangelo. The liold of the latter master 
over Puget appears most strongly in the “ Milo 
of Crotona ” at the Louvre. To the eighteenth 
centuiy belongs Falconet, the author of the very 
academic equestrian statue of Peter the Great, 
at St. Petersburg ; Clodion, a boudoir sculptor, 
who expj*ess(5d in marble 
and terra - cotta whfi.t 
Boucher and Fragonard 
(‘xpressed in paint ; 

Houdon, a brilliant model- 
ler of portrait busts, and 
Pigalle, who continued to 
follow the antique with 
exaggerated eh^gance of 
form. His noblest work 
is the tomb of the Marochal 
d^ Saxe, in Strasburg. 

What marks all French 
sculpture , of this period is 
the striving after grace and 
elegance and decorative 
elToct, which frequently 
results in limbs of ex- 
aggerated length and a 
certain dainty alfcctation, 
which is far from dis- 
pleasing. The character of 
the period is <;ertainly 
reflected in its sculpture 
as well as in its painting. 

But with the advent of 
the Italian Canova, at 
the turn of the century, 
all character was lost in a soulless, cold imitation 
of all that is merely formal in the antique. The 
fame of this uninspired marble-carver spread over 
the whole of Europe, and acted as an elfective 
(^heck to all individual expression. In every 
<u>untry his fatal example was emulated — in 
Denmark by Thorwaldsen, in England by Flax- 
man, in Germany by Danneker, and in France 
by numerous sculptors whoso fame has been 
obliterated by the great men who followed in 
the second half of the last century. 

Spanish Paintings The history of Spanish 
painting may be said to begin about the time 
when Granada was captured from the Moors, in 
A . D . 1 492. In no other country was the individual 
expression so severely handicapped as in this 
country, where for centuries the Inquisition 
exercised a censorship which not only forbade 
the study of the nude and all other “worldli- 
ness,’* but interfered even in matters of detail. 
The slightest deviation from Scriptural truth 
or from Catholic dogma was treated as heresy. 
Thus in pointing a “ Crucifixion ” every artist hwi 
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to adhere strictly to the measurements of the 
cross, which had to be in the proportion of 
16 ft. by 8 ft. ; and the Italian sculptor Torri- 
giano, who was working in Spain, was actually 
imprisoned by the Inquisition for having, in a 
fit of passion, broken up a “ Virgin and Child ” 
wrought by his own hands ! 

Art Under a Shadow. This strict 
supervision by the Church, together with the 
serious, proua character of the Spanish race, 
produced an art of groat sombreness and reserve, 
inspired by a passionate love of reality, an art 
which has dramatic intensity, boldness, and 
strength, but* never sounds a note of gaiety and 
joy, and is rarely occupied with beauty and 
grace. It reflects the proud, hidalgic attitude 
to life, the grandeza and strict ceremonial of 
the silent Court, the iron 
rule of the Church and 
Inquisition. And through 
all the influences from 
abroad — from Flanders in 
the fifteenth century (the 
Gothic period), from Italy 
in the sixteenth century, 
and from France at the 
close of the glorious period 
which culminated with 
Velasquez — can bo de- 
tected the sombre glow of 
these national traits. 

Juan de Borgona and 
Pedro Berreguete, both of 
whom worked in Castile at 
the end of tlwi fifteenth 
century, wore among the 
first to introduce Italian 
methods, which took firmer 
root when Charl(3S V. and 
Philip II. induced a whole 
band of lUlian painters 
to settle in Spain. Among 
the prominent Spanish 
masters of the early six- 
teenth century are Luis do 
Morales, Pedro Campana, and Luis de Vargas, 
but their works, like those of innumerable other 
meritorious painters of the period, are practically 
unknown outside their native country. 

The Rise of the Spanish School. 
What might bo called the “ historical ” period of 
Spanish art rises with the school of Sevilla, to- 
wards the end of the sixteenth century. Pacheco, 
from whom Velasquez received his early training, 
was scarcely more than an able Italian man- 
nerist ; but Juan de las Roelas (a.d. 1558-1625) 
and Herrera the Elder (a.d. 1576-1656) intro- 
duced something of the sumptuousness of 
Venetian colouring into the sadness and dark 
shadows of the Spanish palette. Francisco 
. Zurbaran (a.d. 1598-1662) was a painter of great 
emotional power, almost ecstatic in his dramatic 
intensity, with a sense of pleasing form and line. 

An extraordinary genius, weird and passionate, 
was El Greco (1548-1014), who, in his enideavours 
to escape from the convention and imitation 
which fettered his precursors, arrived at a fren- 
zied, extravagant stylo, with figures whoso limbs 
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are twisted into extraordinary contortions and 
of inordinate length, seen in a patchy light that 
never was on sea or land He was a reetiess spirit, 
but endowed with a noble sense of 6olour and 
with the gift of seeing the dreams of his almost 
insane imagination as a homogeneous whole. 

VelasqueXt King of Painters. With 
Velasquez (a.d. 1599-1660) we reach the apogee 
of Spanish art. He was not only the greatest 
master of his time, but opened a now vision 
to modem art, a vision in which the greatest 
painters of our own day find salvation. No 
one has ever more completely realised the truth 
of the saying that 
the greatest art- 
IS to conceal art. 

Painted with an 
astounding sure- 
nesa and sim- 
plicity of means 
— ^hia palette is 
said to have con- 
sisted of only four 
colours — his 
pictures produce 
an amazing cfiect 
of reality. Histone 

values are perfect, 

and there is a 
unity of vision 
which places before 
one just what 
could in real life 
bo taken in by 
one glance, leaving 
out such detail 
as would detract 
from the general 
impression, and 
yet never slurring 
over anything that 
is really essential. 

In his portraits his 
sitters seem to live 
in the atmosphere 
in which they 
placed, and their 
life is not only that 
of their body, but 
of the very soul. 

His psychological 
insight is the more 

marvellc’ 18 , as he wwina 

painted at a Court 

where everylxxly wore habitually a mask of 
sold dignity to conceal his real (character. The 
realism of Velasquez is of a kind that never 
itbom to an indiscriminate recording of Nature’s 
iftoidentai blemishes. If his pictures appear 
^ be the spontaneous result of direct o^r- 
^tion, and have little in common with the 
(tucked arrangement of academic compositions, 
►e is so peHect a master of selection that there 
B i^yer a tquoh which would in the slightest 
distnrb their auiet harmony and decora- 
iye^spaoing. ^[See iuustration of painting by 
^ehsq[uez on page 1747,} 


. Murillo and Ribera. The other name 
that is inscribed in letters of gold qn the tablets 
of Spanish art is that of Murillo (a.« 1617-1682), 
whose pictures have been aptly called the 
embodied expression of Spanish Catholicism. 
A charming colourist and accomplished draughts- 
man, he is wholly lacking in inspiration and 
depth of thought. He clothed the holy legends 
in the garments of his period, using the types 
of the people by whom he was daily surrounded, 
and thus translated the teaching of the Catholic 
Church into the vulgar tongue. One of his 
most familiar paintings is “The Holy Family” 

at the National 
Gallery, London. 
But fascinating as 
he is at times, he 
has little to add to 
the history of* the, 
artistic develop- 
ment of his 
country, or of the 
world at large. 
Contemporary with 
Velasquez and 
Murillo was Ribera 
(A.». 1588-1656), 
_ who, trained by the 

Italian naturalists, 
became in hi.s turn 
the paramount 
influence in the 
school of Naples. 
In spite of all that 
he derived from 
Italian sources, he 
always retained the 
ecstatic passion and 
the sombre shadows 
so characteristic of 
Spain. His favour- 
ite subjects were 
scenes of martyr- 
dom and physical 
pain. 

Goya the 
Satirist. With 
the death of Velas- 
quez and Murillo, 
Spanish art col 
lapsed as suddenly 
and completely as 
THE HOLY family BY MURILLO it h^d arisen Under 

^.tio,»IO»tl,ry,Umd,m their dual star. A 

brief renaissance of the ancient splendour was, 
however, brought al>out by Goya (A.n. 1746- 
1828), an artist of immense versatility and great 
genius, though frequently hasty and slovenly in 
execution. In his best work he almost rivalled 
Velasquez — in fact, ho is the one link that con- 
nects this great master with Manet and the later 
nineteenth century. He must be counted among 
the greatest etchers and lithographers of all times 
as he was one of the greatest satirists, who defied 
Government and Inquisition with his merciless 
exposure of the vice, ignorance, corruption, and 
immorality of his period. 

P. G. KONODY 
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The Conscious and Unconscious Mind. Their Separate 
Systems. Work and Nourishment of the Nerves. 

THE NERVOUS SYSTEM 


T he nerves are not mere expressions or ideas ; 

they are actual threads or fibres, stretching 
all over the body, just as the mass of telegraph 
and telephone wires runs everywhere over 
London. They connect the “ brain-centres *’ 
With every part of the organism, and along 
them impulses are incessantly travelling to and 
from the brain. In order to undemtand the 
mi^hinery by which the mind controls the body, 
it is necessary first of all to get an idea of the 
arrangement of the whole nervous system. We 
have already stated in an earlier section that 
this system may be subdivided into two — one 
under the control of the conscious mind and will, 
and the other under the sway of the unconscious 
part of the mind. They are called, respectively, 
the CerebroSpiTial and Sympathetic systems. 

Brain and Spinal Cord. The cerebro- 
spinal system comprehends, as its name implies, 
the brain and spinal cord and all the white 
nerves connected with them. This complicated 
machine forms the executive of the government, 
which consists of the supreme controlling power 
of the conscious mind, and transmits its will to 
the whole body. All commands issued by the 
brain are conveyed by the white cerebro-spinal 
nerves to every part of the body, and are carried 
out by the striped and voluntary muscles, to 
which the nerves are attached. This system 
has special control over the expenditure of life- 
force in all our actions and words — that is, over 
the animal life, or kinetic energy , of man. 

Sympathetic System. The sympathetic 
system is different in every particular. Its 
centres are situated all along the front of the 
spine, the chief one being just behind the 
stomach and consisting of a large mass of nerve- 
cells. From these centres small greyish or pink 
nerves go to all the organs of the body, to all 
the blood-vessels, and to many other parts. It 
is also closely connwted with the lower part of 
the brain and the spinal cord. 

This system acts and carries on its ceaseless 
and most complicated operations without the 
(conscious mind having any power to interfere or 
even to discover what is going on. Its actions 
appear at first sight to mainly mechanical, 
but a longer study shows they are all eontrollod 
and set in motion by a central purposive power 
for the good of the body ; this power is the 
unconscious mind. Although the sympathetic 
system appears to carry on all the complicated 
processes of life on self-acting principles, they 
are really under the control of the mind, which 
thus directs the actions of the digestive, circu- 
hUory, and respiratory systems ; in short, those 
that produce and store up life-force rather than 


those that spend it, or over the vegetative or 
potential energy rather than over the animal side 
of the life of man.' The sympathetic nerves are 
connected with the smooth, unstriped muscles, a 

Cerebro-apinal Nerves. The cerebrov 
spinal nerves themselves [73] are, as we have 
said, the cords or electric wires that stretch from 
the brain and spinal cord to every part of the 
body. They are white threads of microscopic 
size collected into bundles or bands called nerve 
trunks, the largest, the sciatic nerve, being 
three-quarters of an inch broad in the thigh [74], 
and the smallest, almost invisible, like the finest 
thread. If we examine one of these nerve 
trunks we find it surrounded by a sheath of 
connective tissue, and consisting of bundles of 
smaller nerve bundles and blood-vessels and 
lymphatic fibres. In the nerve trunk these 
bundles are not twisted, but lie straight side by 
side. The bundles can bo subdivided still 
further, until we get to the single nerve fibre. 

Eveiy nerve fibre runs (just like a telephone 
wire) straight from its stcarting point to its end 
and without branching or uniting with others. 
The trunks branch and divide and join, but the 
undivided fibres never do so during their course. 
One thirty-sixth part of the whole weight of the 
body is nerve substaiicB. 

Structure of a Cerebro<«spinal Nerve* 

The moduli ated or t*erebro-spinal nerves of which 
wc speak vary in size from of an 

inch in diameter, and consist of three parts. 

First there ivS a protective sheath like the hemp 
covering of an underground electric wire ; then a 
fine white substance sheathing the nerve all 
round, like the shenth of guUapercJia which insu- 
lates (or prevents any of the electricity escaping 
from) the electric wire in the centre ; and lastly 
not a wire, but a tube full of fluid, along which, 
it is believed, the impulse travels from the brain. 

The outer covering is called the primitive 
sheath or the neurilemma, and is a’ delicate 
membrane with constrictions every ono-fifth of 
an inch and occasional ^ corpuscles between. 
The sheathing or insulating substance is called 
the medullary sheath, medulla, or whUe mbstance 
of Schwann ; it gives these nerves their whit© 
appearance, and it also affords rich food for the 
nerve within, on account of the large amount 
of fat it contains in an emulsion, the globules 
of which refract the lighL and thus account for 
its colour. It is semi fluid and like chyle. 

The tube in the centre is called the axis 
cylinder, and is the essential part along 
which all impulses travel. It occupies a quarter 
of the diameter of the nerve, and in a cut speci* 
men often projects like the wick 6f a candle. 
It consists of very fine fibrils. 
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As the nerve fibre approaches its termination 
at either end, it first loses its central coat, the 
raodullary sheath, and then the outer one, the 
primitive sheath, the naked axis cylinder 
breaking up into fibres at its attachment. 

Structure of a Sympathetic Nerve. 

In sympathetic nerves the non>medullated 
nerve fibres are also gathered up into trunks 
and bundles, and consist of axis cylinder and 
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1. Cerebr'^m. 2. Cer^boHum. 3. Medulla. 4, Cervical 
▼C8. b. Spinal cord. 6. Dorsal nerves. 7. Phrenic 
cervt. 8. Brachial plexus. 9. Nerves to the palmar 
urtace of the hand. tO. Nerves to the dorsal surface of 
he. hand. 11. Intercostal nerves. 1-2. Lumbar plexus. 
18. Groat aeiatic nerve. 14. Guuda eMulna. 15. Nerves 
to the lower extremities. 

dtive sheath (neurilemma) only ; they vary 
in size from to of an inch. The 

absence of , the m^ulla coat, the white substance 
of Schwann, gives these a greyish or pinkish 
colour. Th^ differ further from the medullated 
in branching frequentlpr and forming networks. 
In the brain and spinal cord we get innumer- 
n^dfed axis cylinders without any sheath 
at alL The cells from which these fibres spring 
occur generally in clusters called ganglia, and 


may be of any shai>o. They always have a 
nucleus, and have one or more branching pro- 
cesses or poles ; hence they are called uni- 
polar, bipolar, multipolar, or, if without bundles, 
apblar. One of these processes, which iS probably 
prolonged into a nerve, is always unbranched, 
and is called the axis cylinder process. 

These cells have no distinct limiting membrane, 
and consist of granular protoplasm with a large 
nucleus. They are often angular and triangular 
in shape, and able to move when living. 

Four Kinds of Nerve Cells. We may 

recognise four varieties of these cells. 

1. Those with no white substance of Schwann 
or covering of neurilemma, as in the brain, and 
connected with the naked axis cylinder nerves. 

2. Those with no w'hite substance of Schwann, 
but with neurilemma, jis in the sympathetic 
ganglia, and connected with the non- medullated 
sympathetic nerves. 

8. Those with the Avhite substance of Schwann 
and no neurilemma, as in the brain, and con- 
nected w'ith ner\’^es of si milar construction, which 
form the w hite substance of the brain. 

4. Those with both ‘the white substance and 
neurilemma, as in the ganglia of the spinal cord, 
connected with ordinary medullated nerves. 

Where the Celle are Found. Nerve cells 
are found in the brain and spinal coitt, in ganglia, 
and at nerve endings in the tissues. The spinal 
cells are generally unipolar, and are embedded in 
a finely granular ground substance (neuroglia), 
and have no neurilemma. In the ganglia of the 
posterior root of the spinal nerves the nerve cells 
have a sheath of neurilemma and a short process 
which branches like a T. 

Nerve matter has a specific gravity of 1031. 
It is 70 to 80 parts w'ater and 20 to 30 parts solids. 

The solids are composed as follow ; 


Phospliorlc. ucUl . . 


Phospluitc ol potash 

550 

PhospliJite of sodium 

330 

Pliosplmte of iron . . 

10 

Phosphate of caktlum 

2-0 

Fhu.splmte of itiagncsiimi 

. . 30 

Chloride of sodium 

. . 5-0 

Sulphate of potash 

1-5 

Sulphate of silica . . 

. . '5 

100*0 


These elements are combined to form charac- 
teristic compounds, of wliich the chief are 
cerebriii and lecithin. The very largo proportion 
of phosphorus w'ill be noted. 

Nerves are not elastic and do not retract when 
cut, but they can be stretched without rupture. 

We know little of the active life of nerves. 
It has not been proved that they absorb oxjrgen 
and give out carbonic acid gas. They are very 
excitable, as can be shown in various ways. 

Stimulation of Nerves* Mechanical 
stimuli produce at first either sensation or move- 
ment. If continued a long time the sensation gets 
lokt and the movement ceases. When a leg 
sleeps the temporary paralysis is believed to be 
due to the continued pressure of the under-knee 
into the hollow of the upper one, when the legs 
are crossed^ so that the axis cylinder gets 
squeezed. . Heat and cold stimulate a nerve, 
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unless they are excessive, when they paralyse it. 
Some chemicals also, such as acids, alkalis, alcohol, 
ether, chloroform, at first stimulate and then 
paralyse. Electrical stimuli act most on a nerve 
at the moment of application (making) or 
cessation (breaking). • Single shocks rapidly 
applied so excite the motor nerves that tetanus 
is produced in the muscle. It is frequently found 
that the further a motor nerve is from the 
central system, and the nearer a sensory nerv<‘ 
is to it, the greater the effect productnl by 
electrical stimulus. 

The nature of the nonnul stimulu^i is entirely 
unknown. It travels from or to fhi* brair\, giving 
rise to motion, or sensation, and moves more 
slowly than stimulus induced by electricity. 

Nutrition of Nerves, 'riie nutrition of 
nerves depends to a great extent on the nerv<^ 
cells, and their excitability depends on their nutri- 
tion. Nerve fibre gets exhausted more slowly 
than muscular fibre, and recovers more slowly. 
Continued inaction of a nerve diminishes its 
excitability. If any nerve bo severed, degenera- 
tion sets in, and the .irritation decreases from the 
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1. Bundles of nerves. 2. Netiiilemma round them. 
3. Medullatcd neive flhrep (axis <*yllMdtT in micUlle). 
4. Fat, 


cut end upwards. Repair takes place when the 
severed ends are brought together from the 
sound parts in the reverse direction. The effects 
of cutting a spinal nerve are very instructive. 
(1) If the whole nerve be divided after the junction 
of the anterior and posterior roots, complete 
peripheral degeneration of both sensory and 
motor fibres sets in, the central part remaining 
unaltered. (2) If the anterior root alone be 
divided, only the motor peripheral fibres con- 
nected with it degenerate, the rest of the nerve 
roniaining sound. (3) If the posterior root be 
divided before the ganglion, the nerve only 
perishes between the cut and the spinal cord. 
(4) If it be divided both before and after the 
ganglion, the degeneration spreads both ways. 
These experiments show that the centre of nutri- 
tion of anterior nerves lies in the spinal cord ; 
of the posterior, in the ganglion. 

Electric Nerve Currents. There are 
small cun’cnts of natural electricity in healthy 
nerve tissue os in muscle. Natural nerve 
currents in sensory nerves travel about 140 ft,, 
and in motor 111 ft., per second. Electricity 
and light travel about 200,000 miles per second. 
Sensory and motor nerves will conduct im- 
1752 


pulses indifferently either way. The direction 
of the current is determined by the source of the 
impulse, which in sensory nerves is peripheral ; 
in motor, central. 

As we have seen, the effect of stimulation of a 
nerve depends . on the manner of its ending. 
Theoretically, a nerve can carry a current either 
w'ay, but practically it can only bo used in the 
body to convey a current in one direction, 
because of the nerve ending. The passing of a 
nerve current is therefore shown in an affer(?nt 
or sensory nerve by pain or other sensation ; in 
an efforent or motor nerve by muscular twitching 
or movement. Sensation is the result of organic 
change in a central nerve cell, just as movement 
is the result of organic change in a muscle cell. 
The terms sensory and motor arc not, however, 
quite accurate. 

Another Classification of Nerve 
Fibres. Nerve fibres are better divided into 
( I ) alferent or centripetal ; (2) efforent or centri- 
fugal ; and (3) intercciitral — i.e., betweejn the 
two nerve cells. 

Efferent nerves carry orders from the brain and 
spinal cord to all the muscles of the body. 
When it is remembered that each muscular fibre 
has a nerve attached to it, the great number of 
them is apparent. Tlie longest nerve fibre is, 
of course, that which reaches from the brain to 
f lie big' toe. These nerves end in the muscular 
fibre in a sort of fiat plate, which is fastcTied on 
to it ; it has the ])ower, by means of its current, 
of suddenly causing the fibre — and hence the whole 
musclc' — to shorten and thicken. The nerves leave 
the braiii and s])iual cord from the front part, 
and run in bundles with the posterior sensory 
nerves. The nerves all commence or end in some 
brain cell in the grey matter. 

Afferent nerves convey impressions from every 
part of the surface of f he body, and from every 
part of its interior to the brain, making it ac- 
(piainted exactly with all that is going on. 
Every single fibre of the countless millions starts 
from beneath the skin, or from some part or 
organ, and runs, joined with others in bundles, 
to the back of the brain or spinal cord, which it 
enters, and then terminates in one of the central 
nerve colls. These nerves convey all the intelli- 
gence to the brain of what goes on inside and 
outside the body. They convey sensations of heat 
and cold, of pain and pleasure, of hardness and 
softness, smoothness and roughness, as well as 
sensations of taste and smell. In the ear and 
eye they arc connected with elaborate instru- 
ments to convey light and sound. 

Sympathetic Nervous System. Wo 

will now leave the cerebro-spinal system, and 
turn to that with which the conscious mind* 
and will have nothing whatever to do—tho 
sympathetic nervous system. We have already 
seen that it lies all along the front of the back- 
bone. It is also connected in very many parts 
with the spinal system, so that some of our 
aotioxis are partly voluntary and partly sym- 
pathetic. Our mind can recall actions which 
make us blush for shame, but the blush itself is 


' due to the enlargement of the capillaries by the 
sympathetic nerves. 

The sympathetic nerves have, speaking gener- 
ally, the same functions as the cerebro-spinal 
nerves, being both afiFerent and efferent. That 
they conduct afferent impressions, not generally 
felt as sensations, is clear in disease when we 
experience sensation in parts that arc ordinarily 
without any feeling whatever, and are supplied 
by sympathetic nerves. Only intense impressions 
or sensations in disease are thus conducted on to 
the conscious brain. The sympathetic nerves 
are pi^ or grey, because they consist only of 
two parts, the outer fibrous coat and the inner 
tube of nerve matter. Many of the internal 
organs have sympathetic systems of their own. 
The heart has no less than throe sympathetic 
nerve centres in it, in virtue of which it beats, 
and can go on beating, even when removed 
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One pair of sensory nerves from the ears, 
conveying hearing, the Third Nerve. 

One pair of sensoiy nerves from the tongue, 
conveying taste, the Fourth. 

One pair of semsory nerves from the face and 
tooth, principally convoying feeling, the Fifth. 

Three pairs of motor nerves, controlling move- 
ment of the eyeballs, the Sixth, Seventh, and 
Eighth. 

One pair of motor nerves, controlling move- 
ment of the face, the Ninth. 

One pair of motor nerves, controlling move- 
ment of the tongue, the Tenth. 

One pair of motor nerves, controlling move- 
ment of the neck, the Eleventh ; and 

One pair of motor and sensory nerves running 
to the larynx, lungs, heart, stomach, and liver 
(the Twelfth), and hence called the 'pneumo- 
fjasiric or the lung and stomach nerves. 
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from the body, for many hdiirs if fed with blood 
and kept warm. Tlu^ beating is, however, con- 
trolled in two ways - from the medulla, by means 
of the pneumogastric nerve that slows it ; and 
from the main sympathetic system, by a nerve 
that acceleratt's it. Hence, in indigestion, etc., 
when synjpathetic nerve is irritated, the 
heart’s l)eat is quickened and it palpitates or 
beats very fast ; whereas, if the iiervt^ in the 
neck be compressed or irritated, the heart is 
slowed* and might be stopped altogether. 

Nerves Given Off by the Brain. 
Nerves are arranged in pairs, right and loft, all 
over the body — that is, there are always two 
alike. The brain itself’ gives off twelve pairs of 
j^ierves, as follows : 

I ’ One pair of sensory nerves from the nose, 
conveying smell, called the First Nerve. 

One pair of sensory nerves from the eye, 
conveying light, the Second Nerve. 

2 L D a8 


T.*argc nerves supply the arms with motion and 
sensation. They leave the spinal cord in tlie 
neek, and passing out between the vertebra), 
unite in a large cord that runs under the collar- 
bone, and there divides into tivo large nerves. 

All down the back a pair of nerves is given off 
from the spinal cord about every inch, and runs 
along inside each pair 'of ribs. Lower down in 
the abdomen they run in the muscular wall. At 
th(? base of the spine two great cords are given 
olT ; thew^ soon divide again, one on each side, 
one for the back and the other for the front of 
each log. The posterior nerve is called the sciatic, 
and when it is inflamed we are said to have 
sciatica, which is very painful. 

The nerves, like the blood-vessels, are well 
protected from violence by running ah)ng the 
inside or least exposed part of the limbs. 

A. T. SCHOFIELD 
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The Most Suitable Breeds for Beef and Milking; 

Mendel's Law and Its Application in Stock Raising. 

BRITISH BREEDS OF CATTLE 


T he ox (Bos taurus) has been domesticated 
from the period of the later Stone Age, 
and it undoubtedly had a tremendous civilising 
effeot in inducing men to settle down from a 
savage state. 

Th# Economic Value of Cattle. 

Economically, the value of cattle is literally 
inestimable. Not only is beef the principal 
article of food in many countries, but in recent 
years a number of industries have sprung up, 
such as the tinned beef industry in the United 
States and elsewhere, for preserving and making 
extracts of the flesh of the ox for human con- 
sumption. Milk, butter, and cheese are neces- 
saries of life, and dairying has developed to 
such an extent that in the Unitcxl Kingdom 
it is regarded as the farmers’ mainstay during 
periods of depression in the agricultural industry. 

In addition to milk and beef, practically every 
part of the carcase of the ox can be j)Ut to some 
useful purpose : thus the hide goes to the tanner ; 
the horns, bones, and hoofs are used for the manu- 
facture of knife- handles and glue ; the refuse, 
together with the blood,' is made into manure ; 
and the hair is also used in making plaster. 

Nor is the use of the ox as a beast of draught 
by any means unknown even in England. At 
the present time teams of oxen may be seen at 
work on certain farms in the Cotswold district 
of Gloucestershire, and teams of working bullocks 
are regularly employed on Lord Bathurst’s 
homo farm at Cirencester. 

Sources of British Cattle. All evidence 
goes to show that the aurochs (Bos jirimigenus) 
was the ancestor of all the long-horned, short- 
homed, and hornless breeds of cattle in Europe. 
At the time of the Roman occupation the Celtic 
shorthorn {.Bos longifrons) was the only domes- 
tioated breed cf cattle in Britain. Subsequently 
cattle belonging to the unis family w'cre intro- 
duced by the Teutonic invaders at various 
XJeriods and crossed with the native cattle. We 
may thus take it that the iiresent brecMls are 
dosoimdants of these two races blended at 
different times. As the conquering tribes with 
their cattle settled Hrst in the <;ast or south of 
England, the Celtic shorthorns were gradually 
pushed the mountainous districts of the 
north and west, and their descendants may now 
be seen in the West Highland, Welsh, Kerry, 
and Devon and Sussex breeds. The gradual 
development of the special points and charac- 
teristiog of existing breeds have therefore been 
largely influenced lyr climate and environment. 

Principles of Breeding. Groat improve- 
ments have been made in the breeds of live- 
stock in the United Kingdom during the last 
hundred years, and many advances have taken 


jilace in the art of breeding. This has been 
due to the instinctive knowledge of the characters 
of first-class stock possessed by breeders follow- 
ing on the principles set forth and practised 
by Robert Bakewell (1725-95), of Dishley, in 
Leicestershire. The teachings of modem science 
have also been of marked assistance to the 
breeder ; and there is little doubt that experiment 
and research, carried out on proper lines, will 
play an important part in the future in de- 
veloping and furthering the interests of the 
brooding industiy. 

Although no hard and fast rules can be laid 
down for the guidance of the breeder so that he 
can produce stock “ to order ” of any particular 
type required, still there are certain laws or 
principles applicable to all classes of domesticated 
stock which may be relied on to a large extent, 
and which are worth discussing briefly. 

Heredity and Variation. The first of 
these pririci[>Ies may be stated in the phrase 
*• like begets like,” and this is accountable for 
what we know as “ family likeness.” That is 
to say, the offs[)ring of two parents will probably 
show some of the cliaracteristics of each of them ; 
or, in other words, be of an iDternudiatc type, 
although this is not always the case. This is 
frequently seen in human beings. In the case 
of animals, therefore, w^ithin certain limits, 
whatever peculiarities the sire and dam f) 08 sess 
may bo looked for in the offspring ; slight 
variations, however, will always be noticeable. 

In the c?ase of domesticated animals there is 
no struggle for existence, and the “ artificial 
{-c*!ection ” of the breeder takes the place of 

natural selection.” In these circumstances 
the owner retains those animals for breeding 
wdiich show' desirable characteristics and con- 
form to the type he wishes to establish. Such 
mottuxls were followed in most of the improved 
breeds during the nineteenth century, and the 
coarser points and slow-growing habits were 
got rid of, while desirable qualities, such as 
milking, flesh- producing, and wool-bearing 
powers, were developed, although in some cases 
at the cost of the constitution of the animals. 

One property that has been specially de- 
veloped is early maturity, which causes animals 
to be ready for market at an earlier age than 
formerly. Thus bullocks are now fattened at 
the ago of from twenty to thirty-six months, 
instead of at from four to seven years old. 

In»breeding« It is possible to hasten the 
process of development by selection and 
breeding from closely related animals. This 
helps to fix a certain type, but when carried too 
far results in great loss of constitutional vigour, 
combined with sterility and loss of size. In- 
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breeding was^ made use df by the foundora of the 
present breeds to fix a definite type, but it must 
not bo pressed beyond a certain point. 

Crossing. When the sire and dam of two dis< 
iinct breeds are crossed, the offspring generally shows 
the good points of both. Some of the best fattening 
stock is produced in this way. Thus a white short- 
horn bull crossed with a (Jralfoway cow produces the 
“ blue-grey ** so much sought after for feeding 
purposes in the north of England. 

lor this purj) 08 e it is not wise to go beyond a 
first cross, however, as undesirable characteristics 
then begin to make their appearance. 

Prepotency. Animals that have been bred to 
a certain typo lor a number of generations have a 
great power of stamping their qualities on stock 
that has not been so well bred. This power of 
prepotency, as it is called, is often made us(j of for 
improving a herd of ordinary cows by using a 
pedigree bull, and much loss has occurred in the past 
through dairymen begrudging a few extra pounds 
when purchasing a bull for the use of their herd. 
Prepotency may also be made use <jf in the breeding 
of beef animals, as when a shorthorn bull is mated 
with cows of the slower maturing breeds, as Kerry, 
Ayrshire, or Galloway. 

Reversion. 1 u improved breeds that have been 
bred on definite lines for a number of years the 
points art', fixed, and they are capable of trans- 
mitting them. Occasionally, however, some charac- 
teristic not possessed by the immediate parents 
appears in the offspring, as the sudden appearance 
of norna in the calf of a polled breed, or hair and a 
dark colour in the tleooe of a sheep of a good flock. 
This appearance of some point not possessed by 
the parents is called “ reversion,” ” atavism,” 
or “ throwing back ” to some characteristic of the 
originol ancestors of the breed. Crossing always 
has a tendency to encourage this. 

Application of Mendel’s Law. Before 
leaving the subject of breeding, we must consider 
the practical application of Mendel’ .s law^s of inherit- 
ance, which, since their rediscovery, have been 
tested both with plants and unimals. Gregor 
Johann Mendel (1822-84) carried out his investiga- 
tions in cross-breeding, using plants for the purpose 
of his experiments, about the middle of the nine- 
teenth century, and his theories explaining his 
results were published in 1865. Little attention, 
however, wiw paid to the matter at the time, and 
it was not till later that the value of his work was 
recognised, and numerous trials were instituted to 
test his statements. The most important of these 
experiments, carried out by Professor R. H. Biffen 
at Cambridge on the cross-breeding of wheats, 
confirmed Mendel’s views ; and much light has 
been thrown on many hitherto somewhat obscure 
points connected with crossing. 

The old idea with regard to crossing different 
varieties of plants w^as that the act of crossing 
produced a largo amount of variation or sporting 
in the offspring, and that a fixed typo could only then 
be obtained in rather haphazard fashion by a tedious 

C ess of selection. Professor Biffen, working on 
delian lines, however, has clearly shown that 
crossing does not give rise to miscellaneous progeny, 
but that the offspring of the second and subsequent 
generatipns are produced in a definite order aua ki a 
fixed ratio. 

In estimating results it is necessary to take into 
.^asideration thb potency of the pairs of nnlt- 
chaiaoters of the two parents and the extent to 


which these are capable of being transmlitl^d to 
the progeny in the second and following g^eraUons. 
Accordingly, while some pairs df unit-ohsracters 
have equal potency and will be evenly d|ivided in- 
the offspring, in other pairs one umt-charaoter Will 
hold mastery over and tend to obsetura the other^ 
In this latter ease the first unit character is said to 
l>e ** dominant ” over the second, and the second is 
said to be ” recessive ” to the first. 

Results in the Colour of Cattle. As 

equally interesting results have been obtained 
with animals as udth plants in testing the law, wo 
will take the case of the colour in cattle to illustrate 
the point. Thus, if pure red and pure white cattle 
arc bred together, the following results may be 
expected in the colour of the offspring : 
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From this W(3 see that in the case where a red 
and a white parent, whoso colours are of equed 
potency, are mated, the offspring will bo a roan, or, 
in other words, a hybrid blending the two pure 
colours. I f two of the roans arc bred together, some 
of the calves will be red, others roan and others 
white, in proportion of 1 : 2 :.l, or rod 25 per cent., 
roan 50 per cent,, and white 25 per cent. 

If, then, the rods .aro bred together, they will 
produce purc-bred reds ; the whites likewise bred 
together will give rise to pure -bred whites ; but the 
roans of the second generation, on the other hand, • 
if mated, will give reds, roans, and whites in tlio 
proportion of 1 : 2 : 1. 

The Mendelian Explanation of the 
Results. The Mendelian explanation of these 
results' is that the hybrid carries from the beginning 
the sex-cclls or determinants which will decide the 
colour and other characteristics in a pure and not a 
blended condition. The determinants are produced in 
approximately cciual proportions, and some of these 
carry the rc<i character and others the white. The 
chances of combination when roan crosses ore bred 
together will then bo as represented in the following 
diagram, supjx)sing R to represent the character 
for redness and W for whiteness : 


Sex cells Sox cells 

in male lu female 



The combinations possible, therefore, are B B 
producing red animals ; W W producing white 
animals ; R W, W R giving rise to roan animals 
intermediate in colour. No other combinations except 
these four are possible, a fact which accounts lor the 
ratio 1 : 2 ; 1, noticed above. . ^ 

W© will now take a more complex case, wh^ 
one eoionr, as block, is dominant over anbtKWf as 



red. If, then, pure black and pure rod cattle are 
bred together, the results as set out in the following 
table may be expected : 

Black Kod 

J 

yirst Black (liybrld) 

generatica 

Second Black Black Black Rod 

generation (pure) (hybrid) (hyorid) (ptiro) 
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results which are on a par with those obtained by 
crossing lax and dense-oared wheats : 

Suffolk Dorset 

(black faces, (white faces, 

no horns) horns hi botli sexes) 


Firgt Intcnnediato 

gener- (Speckled faces. Males homed. Females hornless) 

aiiim i 


1 r r I ' ■ I 

Third Black Black Black Black Red Bed 

gener^ (pure bred (pure) (hybrid) (hybrid) (pure) (purebred 
aXion Blacks) Rcdn) 

Hero the hybrids of tho first generation will bo 
black, following tho colour of tho dominant parent, 
although certain of tho sox-cclls will still retain 
their character for redness, but in a hidden form. 
If these hybrids are mated, the dominant colour 
(black) win appear in tlio offspring in the proportion 
of throe to one, while one-fourth of tho calves 
will be of the recessive colour (red). Only two of 
the blacks — one fourth of total offspring — iiowever, 
is pure, and the other two — or one naif of total 
offspring — are really hybrids, although as.suming th<‘ 
dominant colour extc^rnally. The imre blacks and 
reds of this second generation, if bred together, will 
throw blacks and reds true to typo respectively ; 
but the hybrid blacks, if mated, will again 


Second White-faced Sjieckled-faced Black-faccd 
generation (horned or (horned or (homed or 
hornless) Jiornless) hornless) 

It will bo seen (hat, when the hybrids of the first 
cross were bred from, lambs with white, speckled, 
and black faces were secured. It thus appears that 
the result of mating the hybrids is to produce 
once again the characters of the parents, together 
with a further type of hybrid. 

Taking the question of horns into consideration, 
wo find that the males are horned and the fonmlos 
hornless. With the second cross, the black or white 
or spt'ckled individuals may bo liorncd or hornless. 
The point to bo noted, therefore, is that if it were 
desired to e.stablish a ])iiro brood from the offspring 
of this second cross thf‘re would probably bo no 
difficulty in tho matter, as the white and black 
faces would, without doubt, at once breed true to 
these characters, and attention would only have 




produce blacks and reds 
in tho proportion of 

three to one, only one 

of tho former, however, ' • 

being pure black. )& a p • 

These examples, tak- / : ^ 

ing colour as the • 

character to be experi- \ • 

mentod with, will servo ^ X \ ( 

to explain the main ^ — \ /T^ 

* principles of the law, \ I \ 

but, as may be imagined, r , ' 

where more than one / ( < \ 

pair of characters are — - 

p resent in the parent.^ - 

tho transmission of 

these to the progeny POINTS 

is of a more coiupli- ^l Eye; 6, fare : r forehead 

. , , . * 1 top of shoulder ; A, ^lioulde 

cated character, and liack ; n, loin ; o, rump : 

leaves a wide field for n, switch ; t, thigh ; u, hock ; r 
investigation and re- 
search. Experimental 

biologists and agriculturalists are today com- 
bining in the study of this que.stion, and their 
results are expected to bo of tho greatest value to 
stock-breeders. [See Life and MindJ. 

Crosaihg of Suffolk and Dorset 
Horned Sheep. One of tho most interest- 
ing experiments on MendcUari lines with 
animals is that which has been conducted at 
^.CJambridg© by Professor Wood on the inherit- 
ance of the face-colour and horns in sheep. 


THE POINTS OF THE COW 
a, Eye ; b, fare : c, forehead ; d, ear ; e, horn ; f, neck ; 
g, top of shoulder ; A, shoulder ; j, knee ; k, dewlap : /, ribs : 

m, back ; n, loin ; o, rump : p, liip ; quartern ; r, tail ; 

n, switch ; £, thigh ; u, hock ; r. udder ; ?/’, t^ats ; x, abdomen 

and milk vein 


to be directed to tho 
o horns. 

/vf A' results 

V \ of these test.s may be 

:jx? aj)plicable to cattle 

y 5*”*^ other classes of 

/ tarm -stock remains to 

/jj S bo seen, but indications 

7 //r point to far-reaching 

\ \ effects; and tho appH- 

v/k) \ / cation of the principles 

/] (A thus demonstrated 

/ / likely to play a very 

= 1 - - - / important part in de- 

vcloy ing stock-breeding 
during tho next few 

P THK COW 

A knee ; *, dewlap Cattle, 

hip ; quarters ; r, tail ; As has already been 

dder; ?/’, t^nts ; ;r, abdomen stated, British breed.s 

‘ of cattle are probably 

the descendants of the 
aurochs and tho CVdtic shorthorn, which have 


been blended in various ways since the time of the 
Roman invasion. The graaual development of the 
characters and points of the various breeds as we 
now know them has been largely influenced by the 
climate, soil, environment, and other special condi- 
tions. In deciding on a form of classification, 
therefore, one based on the locality in which the 
breeds arc found seems to be more intelligible than 
any other. 


The breeds selected for the trial were 
Suffolks and Dorsets, the former having black 
faces and no horns, the latter white faces and 
home in both sexes. A number of Suffolk owes 
crossed with a Dorset ram iiroduced lambs all of 
which had speckled faces. The cross was also 
made in the opposite direction with a simOar 
result. The hybrid lambs of the first cross 
must therefore bo described as intermediate as 
far as facial colour is concerned. Tho following 
toble will show the results obtained in the subse- 
^qeht progeny of the first and second gwerations-- 


English Bkekds. 

General Purpose Breeds 
Shorthorn | Red Poll I South Devon 
Beef Breeds 

Hereford | North Devon I Sussex | Longliom 
Scottish Breeds 

Ayrshire j Aberdeen- Angus I Zetland or Shetland 

West Higiiland | Oalloway | Cattle 

Welsh Breed 
Welsh BUck 

Channel Islands Breeds 
Jersey | Guernsey 

Irish Breeds 

Kerry | Dexter Kerry 
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English Breeds : The Shorthorn. This 
is the most impoj^nt and most widely distributed 
of all British breeds. Not only does it provide the 
usual type of cattle common in the country, but, 
owing to its excellent qualities and adaptabiUtv 
to climate, it has found its way all over the British 
colonies, as well as the United States and South 
America. Indeed, it is held in so much esteem 
that foreign buyers are continually taking the brat 
of our British -bred stock to improve their herds 
and cross with their native cattle. 

If a visit be paid to one of the princif^al markets 
in the United Kingdom, it will be seen that, except 
in a few localities, the majority of the cattle exposed 
for sale arc of the non-j^digree shorthorn type ; 
and, in fact, it may be said that the shorthorns in 
number equal, if not exceed, all the other breeds in 
the British Isles put together. When we consider 
that the shorthorn is tho general class of animal 
found on the farms all over England, v o understand 
the necessity for its being bred on general utility 
lines, so that when it has 'finished its jjeriod of 
milking it may be capable of being turned into a 
good carcase of beef, thus causing little loss to its 
owner. Under these circum8tance.s, breeders who 
fmdeavour to convert the shorthorn into a beef or 
milk animal only are working on tho wrong lines ; 
and it cannot be too strongly pointed out that the 
animal required is a dual-purpose cow which can 
X)rofitably go to tho butcher when its services arc 
no longer required in tho dairy. 

The Characteristics of Good Short* 
horns. The colours most favoured in the short 
horn are deep roans and reds of various shades. 
Reds and whites and also pure whites appear, but 
there is a prejudice against the latter colour. Th<' nose 
should be flesh-coloured ; and a black nose is objec- 
tionable, as it is conshlered to dentjte impurity. 

The horns should be short and blunt, of a creamy 
colour, and free from black tips. Wry little seems 
to be known of the early history of tho breed, 
t‘xcept that it originated in the north -east of 
England, and at one time a strain of Dutch blood 
was probably introdueed. 

Towards the end of tho eighteenth century the 
brothers CTiarles and Robert (\dling began th€*ir 
improvement of the breed as it then existed by a 
process of in -breeding, and one of their bulls, 
called Hubbaek,” may be looked ujiGn as tho 
father of the present improved shorthorn. 

Two well-known breeders, Thomas Bates, of 
Kirklovington, and Thomas Booth, of Killerbj, 
then came on the scene, and the two gn^at branches 
of the shorthorn breed are named after them 
respectively. Tho descendants of tho Bates cattle 
are noted for their style, quality, and deep milking 
])ropensitie8 ; those of the Booth strain, on tho 
other hand, are famous for their great girth, deeji 
carcases, and beef-produeing power. 

Of recent years a Scottish strain of shorthorns 
has come much to the front remarkable for their 
constitution, massive frames, and early maturity. 
These are sometimes spoken of as Aberdeenshire 
shorthorns, and are associated with tho name of 
Amos Cruickshank, the original founder of the 
strain. The typo of shorthorn in demand, ©specially 
with foreign buyers, is one of Scottish descent 
blended with a certain amount of Bates blood for 
the object of maintaining quality. 

Lincoln Red Shorthorn. A special straiii 
of led shorthorns has been established in Lincoln* 
shhe. and a herd-book has been started ixi order to 
develop their milking qualities by seleotion, 


are large-framed anlznels, rather coarse in the bone, 
but well suited to the better classes of soil. 

Red Poll. This smalt, eompaot. modern 
breed without horns is found in Norfolk and Suffolk. 
The colour is rod, with a white tip to tho tail. It is 
specialiv noted for its combined qualities of beef 
and milk, and originated in a cross between a local 
breed of Norfolk horned cattle and the old Suffolk 
polled cattle, which bore a veiy high reputation 
W milking properties. 

South Devon or South Hams. The 

home of this breed is in South Devon and Cornwall. 
They are large-framed and big-boned animals, rather 
inclined to be coarse, but with good udders. Tho 
South Devon is of a yellowish tint, being distinctly 
lighter in colour than the neatly built North Devon, 
and the type reminds one strongly of the Guernsey. 

It seems probable that tho two Devons wore 
descended originally from a common stock, but that 
climato and local conditions have developed the 
southern branch on its modern linos as a dual- 
purpose cow. They are heavy milkers, and are also 
capable of yielding a large carcase of beef. For 
these reasons they are becoming very popular, 
and are beginning to bo exported abroad. 

Hereford- The Hereford is one of the best- 
known of British breeds, and is widely distributed 
in America and Australia. As far as points are 
concerned, the colour is light to dark rod, with 
white markings along tho spine, face, throat, belly, 
mlder, and tip of tail. The muzzle is flesh-coloured, 
and the horns are of medium length, white, with a 
.slight tinge of yellow. Tho Hereford is an excellent 
grazing bullock, and in this capacity largo numbers 
may bo scon in tho summer on the rich feeding 
pastures of tho English Midlands. They are 
indifforont as milkers, and the calves are usually 
allow(Hl to run with the dams. However, an effort 
is being made to develop a dairy type. In tho past 
the breed produced good working oxen, but only 
in rare instances arc they now used for this purpose. 

North Devon This important breed is found 
in Devon and parts of Somerset and Dorset, and tho 
cattle are sometimes spoken of as the “ Rubies of 
the West.” Their general neatness and symmetry 
of form have earnocl for them the name of “ South- 
down ” among cattle. Tho carcase is smaller and 
more compact than in the case of the Hereford or 
Sussex, and is much liked by butchers. There are 
two distinct typos of North Devon — “ the true 
North Devon,” which is of a deep red, with white 
hairs on tho udder and tip of the tail ; the skin 
orange-yellow ; creamy wUte horns, black tipped, 
and curling upwards in the case of the cow ; and 
the “ Somerset type ” of Devon, lighter in colour 
and coarser in carcase and horn. As in the case 
of the Hereford, thi.s breed was much used at one 
time for purposed of cultivating tho soil. 

Susaeic. Those cattle resemble the Devons in 
many respects, and it seems probable that they are 
also the more or less direct descendants of the Celtic 
shorthorns. Tho colour is dark red, duskief than 
in the North Devons, and they are also larger in 
frame and somewhat coarser than the latter breed. 
The Sussex was much improved during Hie nine- 
teenth century, and its early maturing properties 
were enhanced. Fine specimens of bullocks o| this 
breed are grazed daring the summer on 'PevenSey 
Marshes, between Eastbourne and Hasting, and, 
with their long, strong horns, are k welT-^own 
» feature in that neighbourhood. The beef is of first- 



rate quality when the animals are thoroughly 
finiiihed, and excellent results have been obtained 
with these cattle at the Smithfiold Show in London. 

Longhorn* These arc the remains of an old 
breed, at one time widely distributed over the 
Britifili Isles. In many ways they resemble the 
shorthorn, the colours being the same, but they 
are distinguished from them by their long, down- 
curving horns. A few herds are still in existence, 
as in soipe parts of the Midlands. This is the breed 
that Robert Bakewcll selected for improvement 
by his method of in-breoding, but since his time 
they have been supplanted by the shorthorn. 

Scottish Breeds : Ayrshire, This is the 
noted dairy breed of Scotland, the milk being speci- 
ally adapted for purposes of choese-niakitig. Their 
home is Ayrshire and the neighbouring counties. 
The breed is charactorisod by a peculiar curve 
upward of the horns, and the colour is usually 
white and red, or white and brown, the patches 
being distinct. They have beautifully shaped 
udders of large capacity, long and shallow, with 
smaU teats, and carried well forward and up behind. 
The cattle make indifferent feeders after (hoy aro 
past milking, but during their prime they never fail 
to produce a large flow of milk off inferior pastures. 

Highland. On account of its pieture.squo 
appearance this Wt*st Highland or Kyloo bre(?d is 
often made use of as park cuttle in England. Their 
home, however, is Argyllshire and the western 
islands of Scotland, where they live under natural 
conditions. The colour varies from creamy yellow 
to brown and black ; the coat is hmg and shaggy, 
and (ho horns aro set wido apart. It is (he hardiest 
of all British breeds, but tlu^ animals aro slow in 
coming to maturity, although the beef, when 
grown, is of first-ratc qtiality. 

Aherdeen«Ajngus- These cattle are natives 
of Aberdeenshire and the north-east of »Scotland, and 
used at one time to be spoken of as “ doddies.” 
The colour is a whole black, wuth hornless head and 
jioll coming to a “ peak.” fl’hcy are hardy, low- 
sot, deep-framed cattle, which kill well, and, on 
account of the attention paid to them in recent 
years, come earlicu* to maturity than the other 
Scottish breeds. They arc noted for the quality 
()f their flesh and symmetry of form, and win many 
prizes at the leading fat-stock shows. 

Galloway. The habitat c)f thus breed is the 
south-west of Scotland. They, have particularly 
strong constitutions, as they have not been in-bi’cd, 
and are consequently slow in coming to maturity. 
It is a polled breed, with the crown more rounded 
than in the case of the Aberdeen- Angus. They are 
also rather STualler and rougher in the coat than the 
latter breed. The colour is generally black, but 
reds and bi >wn8 may appear. The breed cfobhos 
well with the shorthorn, ami a white shorthorn bull 
mated with Galloway eows produces the “ blue- 
jgroys ” famed for feeding dfualitics. 

Zetland or Shetland Cattle* These arc a 
small, hardy breed, black and white in colour, found 
in the Shetland Islands. They may be locjkcd on 
as a mountain breed living under natural con- 
ditions, and have been little improved. 

Welah Breed#. At one time Wales could boast 
of several breeds of cattle, and some of these aro 
-still extant. Up to a short time ago two principal 
black breeds were recognised, and had herd -books 
of their own — the North Wales, or Anglesey black, 
and the South Wales — but those two breeds have 
now been merged under ono. society known aa the 
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“ Welsh Black Cattle Society,” with one herd-book 
and one special typo selected as a standani. 

The North Wales breed, which comes from 
Anglesey and North Wales, is more particularly noted 
for its beef-producing qualities. Its horns are whiter 
and not quite so long as in the South Wales typo. 
These (>attle supply the store cattle in so much demand 
in the English Midland counties for grazing purposes, 
and pass under the name of “runts.” They aro some- 
what slow-growing, but, when well finished, kill out 
to great weights, forming excellent carcases of beef. 

, The South Wales breed has a reputation for the 
production of milk, notwithstanding that they have 
coarse frames, and are slow in coming to maturity. 
They thrive and milk well on poor hill pastures. 

The Welsh breeds generally have a good rcput.a- 
tion in the south of England both for milk and beef 
production in spite of being somewhat slow growers. 
They are also a very popular breed in America. 

Channel Islands Cattle. Those cattle wore 
for many years imported into England under tlui 
name of “ Alderney,” although the animals from 
(his island have always been the least important of 
the three sections. 

The cattle from Jersey have been bred pure for a 
number of years, owing to the strict rc^gulations 
against the importation of foreign blood. They 
are graceful, deer-like cattle, with slender frames, 
large, lustrous eyes, delicate ears lined with orange - 
tinted skin, and horns curved forward with black 
tips [page 17.54]. The colours most in vogue are 
fawn or silver-grey, with black points. The breed 
is noted for its rich milk, with high butter-ratio, but 
the animals are of little use for feeding purposes. 
I'horo aro two distinct types of pure-bred Jersey— 
the small, delicate Channel Islands typo, and the 
coarser English-bred and acclimatised animal. 

In general appearance the Guernsey [page 1754] 
differs from the Jersey, being a larger and somewhat 
coarser-bonod animal. The colours also are broken 
and in patches, white appearing in the light yellow 
or brown. The noses are flesh-coloured. This 
breed is also noted for the high qualit y of its milk, 
which is oven richer than that of the .tersey. 

Irish Breeds. The bulk of the cattle in 
Ireland are shorthorns, and the Irish Department 
of Agriculture and Tc^chnical Instruction has tak(Mi 
much pains to improve the typo throughout the 
country by the distribution of “ premium ” pedigree 
bulls in various districts. Undo^ this treatment 
the character of Irish store cattle, imported in such 
largo numbers into Great Britain, has improved. 

The homo of the small and hardy native Kerry 
breed is in the south-west of Ireland, and owing to 
their many good qualities they have spread in many 
direct ioiLs. They thrive well on poor pastures, and 
give a large flow of milk in proportion to their size. 
The colour is black, with a splash of white on the 
udder, and the skin should be of an orange tint. 
The horns aro white, wide apart, black-tipped, and 
curving upward. The breed is somewhat slow in 
coming to maturity, and ia principally recognised 
fur its dairy qualities. 

The Dexter Kerry is a fancy breed which has been 
developed by selection from the Kerry. The shape 
is like a shorthorn in miniature, and the animals are 
smaller, shorter-legged, and more substantial than 
the ordinary Kerry. The colour ia black, although 
red sometimes appears, and one characteristic of the 
cows is the enormous udders, carried close to tho 
ground. The cattle have a reputation for producing 
excellent carcases of small beef. 

DRYSDALE TURNER 
1759 
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The Work of John Dalton and Ocmocritnst the First Atomlat. 

Preparation of Compounds. Water. Hydrochloric Add. Ammonia. Sait. ' 

THE LAWS OF COMPOUNDS 


IJavino completed, so far as is possible, our 
discussion of the elements, but deferring 
our consideration of the most remarkable of them 
all — radium — which raises so many now ques- 
tions, wo now pass on to the study of compounds 
in general, and must discuss some of those simpler 
inorganic compounds which are of great import- 
ance, but have not hitherto been adequately 
dealt with. We have already discussed the 
dilferenco between a compound and a mixture. 

We saw that a mixture, such as the air, 
consists of a number of molecules of dilferent 
kinds, each of which is composed of similar 
atoms, whereas the essential character of a 
compound is that it consists of molecules com- 
posed of dissimilar atoms, molecules in which the 
atoms of one* element go about in the company 
of the atoms of one or more other elements. 
Our conception of the real meaning of the word 
“ compound ” depends upon our conception of 
the meaning of the word “ molecule.” 

Furthermore, we are already familiar with 
those fosmulas which express the number and 
kind of atoms that go to compose the molecules 
of certain compounds ; while we have already 
noted the facts that, when elements unite to form 
compounds, they do so in fixed proportions ; that 
any given compound always contains the same 
(dements in the same proportions ; and that thus 
the most obvious fact which distinguishes a 
compound from a mixture — the fact from which 
the others have been inferred — is the fact of 
definite composition. 

The Atomic Theory, 1’hc real mean- 
ing of all these facts was most clearly under- 
stood and formulated by John Dalton, who 
must bo regarded as the modem founder of 
the atomic theory.- We must insert the 
word “ moderlt/* because there was an illus- 
trious Greek named Democritus, who flourished 
in the fifth century before Christ, whom we 
must regards as the first atomist ; and his views 
upon the ultimate atomic structure of matter 
have received expression which is secure of 
immortality, in the magnificent poem De Herum 
Natnra (“ Of tho Nature of Things ”), written 
by the Roman Lucretius, who lived in the first 
century before Christ. 

But of course there is all the difference in the 
world between the splendid imaginative efforts 
of poets and philosophers and the scientific 
estaolishment of their theories. As has been very 
well said, “ho discovers who proves,” And 
from our standpoint as students of chemistry it 
is necessaiy to pay much more attention to 
John Dalton than to Democritus or Lucretius, 
though we may be prepared to admit that their 


genius was in many ways incomparably superior 
to his. He it was, at least, who removed tho 
atomic theory from the realm of speculation, 
however brilliant or sublime, and established it 
as the logical basis of modem chemistry, which 
we may thus assert to be only a century old. 

This remarkable and gifted man was bom 
at Manchester, of a Quaker family, in the 
year 1766. The great work of his life was the 
proiluct of his maturer years, and his “ Now 
System of Chemical Philosophy,” which is a 
classic, began to a]>pear in 1808, its chief theory 
having been propounded, however, in 1804. 

Splitti-ng the Atom. Wo have already 
seen that the atom can no longer be thought 
atomic, and that the smallest, simplest, and 
lightest atom known is in reality a microcosm 
nJatively as complex as the solar system. 
Hence, some critics have too hastily said that 
tho whole structure of modern chemistry, 
founded by Dalton, has been swept away. 

That, however, is simply nonsense. Even 
though have had to modify profoimdly our 
conception of it, yet we are still absolutely certain 
that there is such an entity as the atom, which, 
like the solar system, has a unity of its own, 
and of which the facts asserted by Dalton are 
true, even though wo can no** longer regard tho 
atom as indivisible. It is an admirable mstanco 
of unity in multiplicity. 

The Most Important Compounds. 

Having done some brief justice to this great 
genius, let us pass on to the consideration of 
compounds in general, the kinds of elements 
which notably fonn tliem, and the principles of 
their artificial preparation. 

The most important compounds are composed 
of certain elements which may be named. In 
tho first place there are the halogens — we will 
not pay tho reader tho poor compliment of 
naming them again — which, as the word implies, 
tend to form salts. Their compounds are 
called halides. Then there are the two elements 
which we treated together, oxygen and auIpHur, 
simple compounds of which with other elements 
arc called oxides and sulphides. Carbon also 
forms simple compounds with other elements, 
called carbides, while those of nitrogen-axid phos- 
phorus are called nitrides and phosphides, . ■ 

The reader will observe the uniformity of 
tho terms, which all end in “ ide,” and which 
indicate compounds consisting of the elcinont in 
question with one other element. When we 
have double compounds, such as calcium carbem* ; 
ate, CaCOj), different terminations are employed 
the compound is not a carbide, but a carinate. „ 
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Preparation of Compounds* Countless 
compounds occur in Nature, but these can be 
artinoaliy prepared in the laboratory, and 
recent chemistry has also been able to prepare 
thousands of compounds which do not occur in 
Nature at all. 

The first and simplest method is obviously 
that of direct union — as, for instance, when, os 
we saw on page 960, oxygen and hydrogen 
combine under the induenco of the electric 
spark to form water. The commonest instances 
of direct union are cases of oxidation, which has 
already been defined os combination with 
oxygen. As a rule, light and heat are produced 
when this occurs, and in such cases we apply 
the term “ combustion ” to the process. Very 
nearly all cases of combustion are oxidations. 

Combustion without Oxygen. But 

there are instances of combustion in which 
03 ^gen is not involved. Hydrogen, for instance, 
will bum in chlorine, and so will many other 
elements ; and, as we should expect, certain 
elements furnish instances of combustion with 
sulphur, which, in this respect again, thus 
resembles oxygen. The second instance we 
have already seen illustrated when we dealt 
with the preparation of elements. For when 
we turn an element out of one of its compounds, 
a process which we saw to be one of the recog- 
nised methods, we form a new compound. For 
instance, when sodium turns hydrogen out of 
water, sodium hydroxide (NaOU) is formed. 

Compounds are also formed when other com- 
pounds are heated ; when, for instance, we heat 
calcium carbonate, which is a double com- 
pound, we get two simpler compounds, carbonic 
acid (COg) and quicklime (CaO). Dauble de- 
exmpoHition is the last method wo need note, 
and a very important one. The name practi- 
cally explains itself, and implies the change 
which occurs when two compounds exchange 
partners, so to speak. It is of use when one of 
the new substances produced is spontaneously 
separable from the other, either because it is 
volatile, and so passes off, or because it is in- 
soluble, and thus separates in solid form, or is 
* precipitated, to use the technkal term. 

An excellent instance is furnished by the 
I, change which occurs when solutions of common 
salt and silver .nitrate are mixed with one another. 
This is also of interest in explaining the fact 
that coinmjpu salt, in virtue of this change, 
is the b^t c^tidote when silver nitrate has b^n 
swallow^. The formula of silver nitrate is 
xAgNOji, and we may regard the compound os 
' Ibonsisting of two parts, one the metal and the 
other the group of atoms, NO.^. When this 
interacts with common salt, the formula of 
. which is NaCl, partners are exchanged, the 
NO^ group going with the sodium, and the 
jbidorUie with the silver. The chloride of silver 
formed is insoluble, and can be separated, 
£^ng insoluble when formed in the stomaoh 
by .^e administration of sodium chloride in a 
< 6f aUvet nitrate poisoning, it is harmless. 

Xhe foUoii^ing equation represents the double 


AgNO^ + NaCl == NaNO..j 4- AgCl. 

We mav now consider some important com- 
pounds which, demand separate treatment, and 
of those the first is the most important con»- 
pound of all, vxUer. 

Water. This covers much more than half 
of the earth’s surface, is contained in greater 
or less degree on what wc call the dry land, 
occurs as ice and snow in many parts, is always 
present in greater or less quantity in the atmo- 
sphere [see Physics], and in its liquid form 
is an essential constituent of all living things. 
Chemically considered, even an Aristotle or a 
Shakespeare is about four-fifths water, a fact 
which is of interest to the chemist, but also of 
interest as showing how ridiculously inadequate, 
from the point of view of the psychologist and 
the philosopher, is the merely matcriallstio 
estimate of nmn. 

Wo have also seen that water occurs in 
abundance in a less obvious form as water of 
crystallisation in many crystals. 

This compound may be prepared, as wo have 
already seem, by the direct union of oxygen and 
hydrogen, and by others of the methods of pre- 
paring compounds mentioned above. Most 
of the remarkable physical characters of water 
have had to be discussed in Physics. 

For the chemist, water is the almost universal 
solvent. There are very few substances indeed 
— solids, liquids, and gases alike — of which a 
tiny proportion at least is not soluble in water, 
the rule being that solids are more soluble in 
hot than in cold water.* The nature of hard 
and soft water was discussed under “ Calcium ” 
[page 1099]. We saw in our first section that 
the discovery of the compound nature of water, 
regarded as an element since the days of the 
Greeks — since the dawn of thought — stands to 
the credit of Henry Cavendish, who made this 
most important discovery in 1781. 

Hydrochloric Acid. This veiy im- 
portant acid, to which wo have made incidental 
references, may bo compared with water, in 
that it IS a compound of hydrogen with another 
element. Its formula is HCl, only one atom of 
hydrogen being necessary for one atom of 
chlorine, each of these elements being one- 
handed, or monovalent. We are ve^ apt to 
think of hydrochloric acid as a liquid, but it 
is really a gas, somewluit heavier than air, and 
is often looked on as a liquid because it is 
extremely soluble in water, which is able to 
dissolve seven hundred times its own volume 
of this gas. An older name for hydrochloric 
acid, still quite frequently seen, is muriatic acid. 

The gas is occasionally found in Nature near 
volcanoes, but this source is of no practical 
importance. It may be prepared in many ways — 
such, for instance, as the direct union of gaseous 
hydrogen and oMorine, or by the action of 
sulphuric acid on common s^t. This is an 
• instance of double decomposition. The following 
is the equation that represents it : 

NaCl +HgS 04 ,:==NaHS 04 -bHCl, 
the hydrochlorio, acid being ^ven off as ti gas, 
and toe acid salt oallod (tcul sodium sulphite 
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or hydrogen sodium sulphate (NaHS04) being 
formed. We may make a mental comparison 
between the formula of this salt and that of what 
wo may call normal sodium sulphate (NauSO.i). 
The acid salt is so called because, as the reader 
will see, only one of the hydrogen atoms of the 
sulphuric acid has been replaced by sodium in 
the molecule of the acid salt. 

Hydrochloric acid, in the form of its solution 
in water, is a very powerfully acid and corrosive 
liquid, having the typical properties of an acid. 
It is largely made as a preliminary to the 
making of sodium carbonate or washing soda. 
It is an extremely remarkable fact that this 
potent acid may be regarded as one of fho 
natural antiseptics of the body, which produces 
it for itself, as wo shall now see. 

Hydrochloric Acid in the Stomach. 
Hydrochloric acid is a constant and necessary 
constituent of the juice of the stomach, in 
which it plays two very important parts. The 
lirst, which is generally recognised, is to aid 
in the digestion of tho most important kinds 
of foodstuffs, whieli are called proteins. The 
second, tho importance of which is only now 
beginning to be appreciated, is to act as an 
antiseptic. It has been shown that there are 
many kinds of diseases the microbes of which 
cannot survive in gastric juice, and which cun 
attack us only by entering tho body elsewhere, 
as through the lungs, or passing through a 
stomach which is out of order. The Royal 
Commission on Tuberculosis has now reported 
that tlie presence of» hydrochloric acid in the 
stomach is probably the means by which we are 
almost always saved from tho living microbes 
of tuberculosis which are present in, for instance, 
one sample in every ten of London milk. 

But these are matters hardly of chemistry. 
The really amazing fact for the chemist is the 
mode of production of this acid by the wall of 
the stomach. Its source, as in tho ordinary 
commercial process, is sodium chloride (NaCl). 
This is one of tho firmest and most stable com- 
pounds that we know. In order to decompose 
it and form hydrochloric acid the inanufactunT 
finds it necessary, in the first place, to e‘mploy 
one of the most powerful of all acids — sulphuric 
acid — and in tho second place to use great heat, 
BO as to permit of the decomposition. 

Chemical Power of Lriving Cells. 

But in the human body there is no sulphuric 
acid, nor is there anything like tho heat w'hich 
the manufacturer employs, yet such is the potency 
of the living cells in certain of the glands in the 
wall of the stomach that, in some way which 
we have not yet begun to understand, they are 
able to decompose this firm compoifnd, sodium 
chloride, at tho mere temperature of the blood. 

This decomposition seems to tho writer to bo, 
perhaps, tho most amazing of all proofs of tho 
chemical fmwer of the living cell. The proof 
of this power that is most often quoted is tho 
remarkable decomposition of carbonic acid 
(COj,) in tho atmosphere by means of the living 
cells of the green loaf. The necessary agent in 
this decomposition is the green matter found in 
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the cells of the leaf, which is called chhropkylL 
Now, carbonic acid is a compound even firmer 
than sodium chloride, and the temperature at 
which the leaf decomposes it is far lower than 
that of the blood. 

Hence it would appear as if this decomposition 
were more remarkable than tho formation of 
hydrochloric acid in the stomach. It looks as 
if the ehlorox>hyll of the leaf were to bo regarded 
as a sort of ferment — one of those extraordinary 
substances which have the power of producing 
chemical change, though themselves remaining 
unchanged. But Sir James Dewar, in conversa* 
tion with the writer, observed that this is not 
tho way in which we should look upon chloro- 
phyll ; rather, in his opinion, should we regard it 
as a means of condensing or, to use an excellent 
metaphor, focussing tho sunlight which — and 
not the chlorophyll — is the essential factor. 

The Energy of Sunlight. The energy 
by which this firm compound, carbonic acid, is 
decomposed is thus the tremendous energy of 
sunlight, suitably utilised, adapted, condensed 
(whatever word we may use to veil our ignorance) 
by means of th(» chlorophyll of the living cell. In 
the case of the decomposition of tho sodium 
chloride in tho cells of the stomach, however, 
suiiliglit is m‘itlier available nor nccessa^5^ Tho 
work is (‘fTtseted, nt^t by the transformation or 
utilisation of the solar energy, but by means 
of the myst(‘Tioiis energies which are available in 
tho living cell itself. Therefore we think that 
tfjis decomposition, with its ease, its lower 
temperature, and the absence of any visible 
decomposing agent such as sulphuric acid, as 
compared witli the means which the manu- 
facturer has to employ, may be regarded as 
j)erhaps the most signal instance of the possession 
of chemical powers by the living cell. 

Ammonia. Here, again, as in the case of 
water and hydrochloric acid, is a simple com- 
pound of hydrogen with another element, in this 
case nitrogen, the formula of ammonia being 
NH;., as was mentioned when wo discussed 
nitrogen. In the case of wfiier the hydrogen was 
combined witJi a two-handed element, so thatj^ 
itself being one-handed, two of its atoms were 
required in order to unite with one of oxygen. In 
the case of hydrochlorie acid the united element 
was also one-handed, and in the case of ammonia 
wo find that tho united element is to be regardecl 
as three-handed, or trivalent. 

This substance, like tho last, is a gas at 
ordinary temperatures, colourless, but by no 
means odourless. Its effects upon the nose, 
however, are not confined to the stimulation of 
the sense of smell. Its pungency should bo 
distinguished as composed of two parts, one 
consisting of its irritation of the ordinary sensory 
nerves of the nose, arid the other consisting of a 
true stimulation of the nerves of smell. Tho 
gas is lighter thkn air, and is even more soluble 
in water than is hydrochlorie acid. The solution, 
which is often loosely called ammonia, indeed 
contains as much ammonia as is equivalent in 
volume to about eight hundred times the volume 
of tho water in x^'hich it is dissolved, the exact 
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proportion varying with the temjperatnre [see 
i?HVSX0S}. The solution has all the bbaraoteristics 
of an alkali, and, indeed, ammonia is commonly 
called the voUitile alkali, since, being essentially 
a gas, and therefore volatile, it is contrasted in 
this respect with soda, potash, and lime, which 
are called fixed alkalies. We have, indeed, good 
reason to assume that, when ammonia gas is 
dissolved in water, something rather more than 
mere solution occurs. There is doubtless some 
sort of combination between the ammonia and 
the water — certainly a very unstable combina- 
tion, but still more than a mere solution ; and 
we may conveniently represent what happens 
by adding together the formula of ammonia and 
the formula of water, thus : 

Ammonium* When we look at the formula 
of this supposed ‘substance, writing it in the 
fashion seen, and not in the most obvious way, 
which would be NH5O, there is suggested to us 
a parallelism between this and the formula of 
soda, or lime, or potash. The latter, for instance, 
is KOH, and the K corresponds to the NH4. 
Now, this NH4 seems to be such an independent 
reality that it has been given tlic special name 
of ammonium, and must probably bo regarded 
as a metal. The reader will answer that it is 
absurd to talk about a compound of two gases 
as a metal. “ Why, it is not oven an element ! ” 
he may say, but, then, all our ideas of elements 
have undergone a change ; and if the existence 
of the compound metal ammonium was probable 
ten years ago, it is still more probable to<lay. 
In theory its existence is extremely probable, 
and the parallelism between its compounds and 
those of the other metals is most marked. 
There is, indeed, a small amount of evidence in 
favour of the view that the transient existence 
of ammonium in its metallic form has been 
experimentally demonstrated. 

What we must probably regard as an ammo- 
nium amalgam — that is to say, a probable 
combination of the metal ammonium and the 
metal mercury — is a butter-like metallic mass 
which is produced when sod'um amalgam (a 
white substance made by mixing sodium and 
mercury) acts on a strong solution of ammonium 
chloride (NH^jCl) [compare KCl]. This amalgam, 
however, is, as might be expected, very unstable, 
doubtless owing to the instability of the sup- 
posed amm^um, and quickly decomposes into 
mercury)' ammonia, and hydrogen. 

. 1 Gaseous ammonia forms a colourless liquid 
at a temperature of about - 33 ® C., and freezes 
^75® C. 

iWNiRimjii and Preparation of Am- 
monia* Small quantities of ammonia occur in 
the wr, whence some of the compound is carried 
hy rain into the soil and rivers. The occur- 
rence of. ammonia in the soil is of the 
utmost importance in relation to plants. As 
saw when di^ussing nitrogen, this element 
la^.a omistituent of protbplasm, the physical basis 
Of ; fife i and the plant has to obtain it from the 
: Tte form in which the plant obtains its 


nitrogen is mainly in the compounds— salts of 
nitric acid — which are called nitrates. 

Now, it has been discovered that the ground 
contains particular kinds of microbes or bacteria 
which play an all-rmportant part in this connec- 
tion, and which are thus to be regarded, humble 
though they be, as a necessary link in the chain 
of events upon which human life itself depends. 
For it is from plants that all animals derive 
their necessary nitrogen. These organisms take 
the ammonia "of the soil, and with the aid of 
oxygen, which is abuftUantly present in its 
elemental form in the soil air, and also in 
combination, they convert it into nitric acid 
(HNO3 ). This typical acid reacts with the typical 
alkali, hmo, which occurs in the soil, and forms 
calcium nitrate, in which form the plant thus 
obtains its nitrogen. 

Ammonia from Decomposition. Am- 
monia is also formed by the decomposition 
of animal and vegetable matter. Certain salts 
of ammonium may be obtained in a similar 
fashion. Amongst these is sal-ammoniac — the 
old name for ammonium chloride — and also the 
carbonate of ammonium (NH4)5jCO;3, which is 
usually known as smelling-salts or spirits of 
hartshorn, a name which hints that it may be 
obtained by distilling the horn of stags. 

In addition to these more or less natural 
sources, ammonia may be obtained by the direct 
union of hydrogen and nitrogen, provided that 
one or other or both bo in the nascent state, 
which we fully explainedpin an earlier section. 
But the most common method of preparing 
ammonia is by double decomposition— ; sal- 
ammoniac being he-ated with quicklime, with 
the formation of calcium chloride, which is 
highly soluble in water, while ammonia gas is 
liberated, and, being lighter than air, may be 
collected by an inverted vessel placed above it. 
The following equation represents the reaction : 

2 NH 4 CI -f CaO = CaCljj -h HaO -I- 2 NHy. 

Ammonia and the AlKaloids. Am- 
monia has extremely marked and important 
reactions in relation to living matter, upon all 
forms of which it acta as an irritant and a 
poison. Properly administered, it is a stimulant, 
as everyone who has used smelling-salts knows. 
It is one of the most powerful and rapid of all konwn 
stimulants of the heart and lungs, and it is 
therefore of superlative value in emergencies, 
especially as its physical form enables the patient 
to breathe it, and thus to obtain its action oven 
more quickly than in the case of a liquid stimu- 
lant injected under the skin. 

The behaviour and structure of ammonia are 
also of great interest in the more obscure regions 
of chemistry, because of the existence of a very 
largo and important class of substances called 
alkaloids. These are mainly produced by plants, 
and include such extremely potent ^ugs as 
morphine and strychnine, ^hey are called alka- 
loids in order to indicate their resemblanoc to 
alkalies. (The termination oid,*’ so often 
seen in scientific and- philosophical language, is 
Greek, and implies likeness. ) Now, there is good 
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reason to believe that it is the presence of 
ammonia in the molecule of these alkalies uiK>n 
which their alkaline properties depend. Thus 
we are not at all surprised to Icam that all 
alkaloids contain nitrogen and hydrogen. 

Marsh-Gas. At this point wo might pro- 
ceed to discuss another simple compound of hydro- 
gen with the four-handed element carbon. This 
compound is known as metkanej or marsh-gas, 
and has the formula CH^, but it is better discussed 
later its an introducypn to organic chemistiy, 
or the “ chemistry of tne carbon compounds.” 

Ill dealing with the most important elememts, 
with their properties in sequ( 5 nco, and in there- 
after returning to the consideration of their 
impoilant compounds, we have adopted a plan 
of which one of the advantages is this : that the 
student can scarcely be successful in his study 
of compounds unless ho has already learnt the 
main facts of the elements constituting them. 
This necessity would not obtain if wc took 
up each element and its compounds together. 

Compounds of the Halogens. 

proceeding, then, we assume that the reader i*^ 
already familiar with, at any rate, the out' 
standing facts of the cl(‘ments; and the first 
group of compounds to which we shall refer are 
those of the halogens, which were discussed in 
their turn in a recent section. The acids whieli 
correspond to hydrochloric acid are much less 
important, and need not further be di»cusse<l, 
or even named. But tb(;re is one pre-eminent 
compound which dcsiands careful treatm^t. 

Common Salt. We are already familiar 
witfi the technical name of common salt, which 
is sodium chloride (NaCl). It is an cxtrciiiely 
abundant compound, constituting from 3 to 5 
or 6 per cent, of sea- water, a u\uch higher ])er- 
centage of the waters of certain salt lakes, such 
as Salt Lake, in America, the Caspian, and the 
Dead Sea, and also occurring in immense deposits 
in various parts of the world, Avhoro it indicates 
the past existence of salt lakes which have dried 
up. When it is obtained by the present evapora- 
tion of soa-watcr it is often called bay-salt, whilst 
tlio deposits depending upon past evaporation arc 
called rock-salt. It may be mined, or the deposits 
may be Hooded and pumped up as brine, which 
is then evaporated, or (as still, in many parts of 
the world) it may be obtained by the evaporation 
of SQa-water. It forms cubical crystals, which 
melt at a high temperature, and is readily soluble 
in water, being more soluble in hot water than 
in cold. Its artificial composition is thus super- 
fluous, but it might be obtained by burning 
sodium in chlorine gas, or by the action of 
hydrochloric acid on sodium or on caustic soda 
or on sodium carbonate. 

Salt and Life. Salt, being a necessary 
article of food, has played a part in many cere- 
monies of man}^ anciemt peoples; and has very 
frequently been taxed. We tax it in India to- 
day to some extent ; but it should be recognised 
that a tax on salt is a tax on food, and in hot 
countries, such as India, where salt, which has 
miW antiseptic properties, is extremely neoes- 


sary not only for itself, but as a means of pre- 
serving fish and other food, the propriety of a 
salt tax is, to say the least of it, dubious. 

Salt and Food. The proportion of salt 
that occurs in different foods varies widely. In 
general, salt has to be added to the diet of the 
vegetarian, man or animal, while the meat-eater 
obtains enough in the muscular tissue which he 
consumes. The imperative necessity of salt for 
life is illustrated by the extraordinary accounts 
of the wild flights of herbivorous animals hi 
America, long deprived of salt, towards “ salt- 
licks,” or places where they can satisfy them- 
selves by licking deposits of sodium chloride. 

The saltness of the sea is a fact of the utmost 
interest in relation to the history of the earth. 
If w’c discuss all the salts of the sea in general, 
we find that they are carried down to it by rivers 
and streams, which dissolve thiun from the soil 
and land through which they pass. As the sea- 
water evaporates, the salts are left behind, and 
thus tliey accumulate — the sea is becoming sal ter 
every day. This fa(!t has lately bec^n utilised, 
not witlu)ut succ(;ss- that is to say, agreement 
with results obtained by other methods — in an 
attempt to estimate IIkj age of the earth’s crust 
from th(5 present salt ness of the sea and the 
probable rate at wliicli addition is being made 
to its saltuess. 

Carbon and Chlorine. Another halide 
which is of great interest on theoretical grounds 
is called carbon tetrachloride, and lins the 
formula CCl^. Its interest depends upon its 
relation to methane or marsh-gas (CH^), already 
mentioned. For if this be exposed to the action 
of chlorine, atoms of this gas successiveljT replace 
atoms of hydrogen, hydrochloric acid being 
meanwhile formed. The substances which are 
produced have the formulas (starting from 
marsh-gas, CHJ, CH.Cl, CH.fil,, CH.-.d, 
t'uding with carbon tetrachloride, COI4. The 
body produced when tliree atoms of hydrogen 
have been replaced by chlorine is chloroform, 
(^HCl;;. As wo might expect from their chemical 
resemblance, its two predecessors have similar 
properties, and arc occasionally used in surgery. 

The Halides of the Nitrogen Group. 

The nitrogen group, consisting of nitrogen, 
phosphorus, etc., forms a series of compounds 
with the halides, but these are not of great 
importance. The best-known airo the tri- 
clilorides, such as nitrogen chloride (NCI..), 
pliosphorus chloride (PCI3), etc., whilst phfV' 
phorus and antimony also form what are oalSed 
jjentachlorides, such as PCl«, phosphorus peiita- 
chloride, in which the phosphorus is five-handed. 

Final Note on Halides. The other 
halides that are of sufficient impoitanco have 
been dealt with already. It is well to remember 
a general rule which the ' halogens follow in 
replacing one another in their compounds. In 
the case of the salts of sodium and potassium, 
at any rat(<, chlorine will turn out bromine and 
iodine, and bromine will turn out iodine. 

C. W. SALEEBY ■ 
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The Story of tlio Cmsades. The Conflict between 
Pope and Emperor. The dourney to Canossa. 

THE HEROIC AGE OF CHIVALRY 


T he resiilt of two centuries of anarchy and* 
barbarian invasions, together with 
the feudalism which they had called into 
being, was to intensify the military 
spirit and to bring back into life the old 
theory of the forest-traversing Germans, 
that war was the only fitting occupation 
for a freeman, or, in modern language, 
for a gentleman. Immured within his 
massive castle, seeing all the lands up 
to the horizon cultivated by serfs “ tied 
to the soil ” or by men-at-arms, his 
vassals bound to follow him in war, the 
knight, or baron, or earl, who was the 
only really important unit in mediaeval 
society, accepted the excitement of the 
chase as making life tolerable, but longed 
for the more glorious excitement of the 
stern realities of war. Even his religion 
was of the militant type. As one of the 
early Teutonic converts said when he 
heard the sad story of Calvary : ** Had 
I been there with my henchmen, I would 
never have allowed the Romans to nail 
Him to the Cross.” 

Thi^s the spirit of that age, especially 
in. those countries where the young Norman 
nation made itself most manifest, might 
be expressed in two words : Militant 
Christianity, It was almost as if the 
religion of Christ and the religion of 
Mahomet had changed places.. Faith 
longed to display itself by deeds, but they 
must be deeds such as the mail-clad 
warrior only could perform There was a 
certain nobility of spirit about that brave 
ignorance. The heroic age of chivalry 
must certainly be placed in the two 
centuries which we are about to review 
ramdly — the centuries of the Crusades. 

The fuel was all laid ready for the lire 
whenp Peter the Hermit, a mean-looking 
figure riding on an ass, but bearing aloft 
the crucifix and breathing the fiery 
eloquience so often given to men with one 
idea, , went through the cities and villages 
of' France proclaiming the hardships, 
the humiliations, even the cruelties which 
Christian pilgrims to the holy places in 
^ tfiQ^ East had td endure at the han^s of 
tbs' Mtissulnians. Once comparatively 


Jild, the yoke pressed upon them had 
become ten times harder since — in the 
year 1076* — the fierce Seljuk Turks from 
Tartary made themselves masters of the 
sacred lands. The Church of ‘ the Holy 
Sepulchre had been demolished, the 
Patriarch of Jerusalem had been dragged 
along the pavement by his hair and 
thrown into a prison, from which he 
was released only on the payment of 
an enormous ransom ; ever5rwhere the 
Christian pilgrims were being plundered, 
insulted, maltreated. 

With all these exasperating stories in 
men's minds, when Pope Urban II. con- 
vened a council at Clermont, in France, in 
1096, and pleaded for an armed expedition 
to rescue the holy places of Jerusalem from 
the infidels, promising the forgiveness of 
all sins to those who should start on 
such an expedition, and an immediate 
entry into Paradise for those who should 
die in its service, the well-known cry 
” Dfeu le veuit ! ” burst from thousands 
of excited hearers ; the badge of the 
Cross w^as assumed by all sorts and con- 
ditions of men ; the Crusades began their 
chequered and feverish life. 

Tlie period of the Crusades lasted for 
176 years (1096-1272), and during that 
time eight great expeditions, besides 
numberless smaller ones, were launched 
from Europe against Asia. It will thus 
be seen that the average interval between 
each crusade was a little less than the 
average length of a generation. That was 
the time necessary to rekindle in the bosom 
of the French or Norman knight the 
enthusiasm which had sent his father to 
the Holy War. # 

France, which had been the scene of 
the first proclamation of the Crusade, 
still remained the chief supporter of 
the movement — France and her sister- 
land of Flanders, and her kinsfolk the 
Normans of England and Italy. Spain 
was too much occupied with her own 
domestic crusades against the Moors, 
Germany too keenly interested in her long 
battle with the Popes and the internal, 
dissensions resulting thence, to give her 
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wholo mind to the recovery or 
of the holy plaees, though throe? of her emperors 
at least took some share in a crusade. French 
or Flemish or Norman remained the chief 
material forces of the long campaign, and 
French were its two chief spiritual champions — 
Peter the Hermit (1003-1099) and Bernard o| 
Clairvaux (114G-1153). 

Jerusalem Regained. Tlie First Crusrule. 
the most successful and the most memorable of 
the number, that one which inspired the Italian 
poet to write his epic “ Gefiisalemine Liberata, ’ 
lasted three years (1096-1099). It saw the 
Turks defeatcfl in the great battle of Doryla3iim, 
in Bithynia, Antioch taken, and at last, most 
•oyiul of triumphs, Jerusalem itself recovered 


fact that it led to the lose of the province of 
Aquitaine. Eleanor, the heiress of that goodly 
land, bad brought it as a dowiy to her husband, 
the French king, Louis VII. The young pair 
went together on crusade, quarrelled, as many 
other travelling companions have done, and 
were divorced. Eleanor, marrying a second 
time, brought to her new husband, Henry 
Plantagenet, King of England, the right to that 
splendid inheritance along with her own un- 
rivalled capacity for making her husband’s 
home miserable. 

The son of Eleanor of Aquitaine, Richard 
Lion-Heart of England, was the chief hero of 
the Third Cmsado (1189-1192). He failed to 
recover the Holy City from the grasp of Saladin, 



ST. BERNARD EXHORTS KINO CONRAD 111. OF GERMANY TO JOIN THE CRUSADES 


from the infidel in July of 1099. In that holy 
city, when Godfrey of Boulogne was proclaimed, 
but not crowned king, a dy misty — a “ Latin 
Christian ” dynasty — was established, Avith laws 
and polity all its own, the very embodiment of 
feudalism ; and this dynasty lasted with varying 
fortunes for nearly a hundred years (1099-1187), 
till it was overthrown by the Mussulman soldier 
of fortune, Saladin. Jn this crusade, Robert 
the Norman, eldest son of William the Conqueror, 
took an imi)ortant part, having pawned his 
Duchy of Normandy to his brother Rufus in 
order to raise money for the enterprise. 

A Province and an Unhappy Home. 

The Second Crusade ( 1 147-1 148), though pleaded 
for with enthusiastic eloquence by the great 
Saint Bernard, was a poor and ineffectual affair, 
memorable in French history chiefly from the 
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but he captured Acre, and his personal bravery 
did something to restore in the East the fading 
lustre of the Christian arms. It is needless to 
do more than refer to the well-known story of his 
quarrels with Philip Augustus of Franco, his 
captivity in Austria, and the enormous ransom 
which was extorted from him by the mean- 
Bouled German emperor. 

The Founding of a Bogus Empire. 

The Fourth Crusade (1202-1204) was a tragi- 
comedy, played with a disastrous disregard to the 
true interests of Christian civilisation. Venice, 
Champagne, and Flanders furnished the bulk 
of the Crusaders, who hever approached within 
a thousand miles of Jerusalem, but, instead of 
fighting the infidel, oocupied themselves in 
overturning the Christian Empire of the East, 
the barrier which had for six centuries^ protected 
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Europe from the ravages of Saracen invasion. , L which might, with a little prudent 

A shadowy “ Latin ” Empire w^as founded when mana^tr^&t, have been exchanged for Jerusalem. 
Baldwin, Count of Flanders, was crowned with The hero^ or, rather, the saint and martyr, of 
the diadem in Ocmatantinople, and the. Republic this Seventh Crusade was Louis IX. of France, 
oS. Venice became sovereign of “ one-quarter who, after some successes, was taken prisoner 
and the half of a quarter of the Roman Empire,” by the Egyptian sultan and released only on 
and oountlesB principalities, marquisates, arid |he payment of an enormous ransom, 
baronies were allottm to French and Flemish Twenty years later — in 1270 — St. *Louis headed 

knights on the coasts of the .^gean. the Eighth Crusade, but died of fever at Tunis 

Opening the Door to the TurK. But at the very beginning of the expedition. Edward, 
none of these stage sovereignties, though pic- son of Henry HI. of England, remained in 
turesque and romantic, had enough inherent command, went for^vard to Palestine, landed at 
vitality to enable them permanently to resist Acre, and took the holy village of Hazareth. 
the rising tide of Mussulman conquest. That His success, however, ended there. He fell 
a Turkish sultan now sits os lord in the palace sick, narrowly escaped death at the hand of 
of Constantine is a direct — we might almost an assassin, and returned to England in 1272 
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say fiui inevitable — consequence of the felony to mount the throne and begin a memorable 
of the Fourth Crusade. reign os Edward I. This was virtually the last 

The Latin empire of Constantinople had an of the Crusades, and, like the first, it wa^ con- 

even shpnop life than the Latin kingdom of nected with the; personality of a chivalrous 

Jerusalem. In 1261 the Greek emjierors were Anglo-Norman prince. . 

back in their own city, but so weakened and Xhe VJnlooK©d*for Sifects off tno 
^impoverished that we learn with surprise that Crusadoji, ^ Wo have seen that the Crusaders 
the final ruin of the empire was postponed for were essentially a product of feudalism, 

: nearly 200 years. hut it . is also true that their infiuence 

Crusading in Egypt. From this point was in the end antagonistic to feudalism, 

(mwards the story of the Crusades becomes Contact with nations ^ of an utterly different 

^rather monotonous. There was scarcely any type of civilisation, with the Greek, the Egyp- 

ig^ting in the^Holy Land itself, the Crusaders tian and the Arab, brought new ideas ^d 

hainuig apparently decided that the conquest shook the mail-clad warrior out of has stolid, 

i ' of PiSest&e must be achieved in Egypt, The knightly pride. The multitude of lowly bom 

and Seventh Cmaades (1216-1221 ; 1246- peasants who fiocked to the banner of the Cross 

/ 1460) wprp ocQupied chiefly with operations loosened the hold of the landowner on his serfs ; 

the impoverishment of the chivalrous classes 
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and the diminution of their numbers increased 
the relative strength bf the crown ; above all, 
the spread of commerce, which was undoubtedly 
a result of the Crusades, augmented the wealth 
and power of the Communes, whom we find 
throughout these centuries rapidly rising into 
importance, and who were, moreover, often able 
to buy valuable charters and remissions of 
obnoxious burdens from a knightly or baronial 
neighbour, who must have money at any price 
to enable him to start for the Holy Land. 

A New Weapon for the Papacy. 
Yet it would not bo safe to assert that the 
influence of the 
Crusades was all on 
the side of en- 
lightenment and 
freedom. On the 
contrary, it put a 
dangerous weapon 
into the hands of 
the papacy, which 
was now sometimes 
able to got rid of 
teaching in whicli 
it detected a men- 
ace to its claims by 
declaring its advo- 
cates heretics, and 
proclaiming a (’rii- 
sade s-gainst them. 

A notable instance 
of these tactics was 
furnished by the 
Crusade against 
the A I b i g e n s e s, 
engineered by 
Innocent 111. 

( 1209-1217), a 
Crusade which 
crushed the gay, 
poetic, free-thiiik- 
ing civilisat ion of 
Southern Fiance, 
and jKissibly post- 
poned for some 
three hundred years 
the reformation of 
the Church. 

The Rise of 
Hildebrand. The German emperors had 
done a good deed for Christendom by help- 
ing to raise the papacy from the slough 
into which it had fallen, but they had not 
altogether promot(id their own ease or security. 
Throughout the closing years of our second 
period the dominant influence in the counsels 
of the papacy had been wielded by the cardinal 
sub-deacon Hildebrand. It had ever Been his 
voice which stimulated the Popes, his nominal 
superiors, to assert the claims of their office 
against the authority of the emperor. By his 
advice Pope Alexander II. hod commissioned 
William the Norman to undertake the conquest 
of England. By his contrivance the momentous 
chan^ had. been made which transferred the 
oleotmn of the Pope from the people of Rome 
to the bishops and clergy of that city, who bote 


the name of cardinals. In 1073 the great pope- 
maker consented to become Pope himself. 

The Natural Rivalry of Pof^ and 
Emperor. The cardinal Hildebrand began 
his short but over memorable papacy 
under the title of Gregory VII. (1073- 
1085). There is an old and true proverb that 
if two men ride on one horse one of them 
must go behind. Sucli had been for centuries 
the condition of Europe under the empire 
founded by Charlemagne, and till now the 
question had never been fully faced which of 
the two riders, emperor or pope, was to 
take the hindmost 
place. One of the 
two riders claimed 
to represent the 
immemorial domi- 
nation of Rome, to 
be the successor of 
Julius, of Augustus, 
and of Constantino, 
and to possess all 
their pre-eminent 
rights. The other 
claimed to be the 
vicar of Jesus 
Christ, God’s vice- 
regent upon earth, 
and the claim Avas 
generally admitted 
for all that con- 
cerned the religious 
interests of man- 
kind ; but the 
thought was now 
finding harbourage 
in the minds of 
churchmen that 
temporal matters 
ought also to be 
subjected to the 
same divinely 
apj)ointod rule. 

“ Come, then,” 
said Hildebrand to 
a council of ecclesi- 
astics, “ let all the 
world understand, 
and know that 
since ye have pow'er to bind and loose in 
heaven, ye have power to take away and to 
grant empires, kingdoms, principalities, duchies, 
maniuisates, counties, and the possessions of all 
men according to their deserts. Ye have often 
deprived wicked and unworthy men of patri- 
archates, primacies, archbishoprics, bishoprics, 
and bestowed them on religious men. If ve then 
judge in spiritual affairs, how' great must be your 
power in secular ? And if ye are to judge angels, 
who rule over proud princes, what may not ye 
do to these their servants ? ” 

Ill-matched Antagoniets. The balance 
of forces at the accession of Gregory VIL, in 1073, 
was, indeed, strangely altered from that which 
prevailed in the previous century. Then there 
had generally been a weak, despised, sometimes 
immoral pontiff over against a strongi chaste^ 
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etrcnuous emperor. Now there was a stem, scramble at the risk of theii: lives, dv^ the 
austere, monk-pope matched against the dis- slippery slop^ of Uont Cenis^ At ,1^8 desoeht 
solute, unstable, though not by any means stupid into Itmv the adversaries of Gregjdiy i^allied round' 
young emperor, Henry IV. Eiach found his him, and the Pope hiinself retired to the castle of 
worst enemies in his owm house. Many Italian Canossa, a fortress high up in the- Apennines, 
bishops were indignant at Gregory’s determine- which belonged to his faithful partisan Matilda, 
tion to enforce the absolute rule of celibacy on Countess of Tuscany. 

all churchmen; many German nobles resented The Humiliation of the Emperor. To 
every at^mpt which Henry made to convert a the disgust of his Italian allies, Heniy wa« all 
nominal into a real supremacy. for submission, for petitioning the Pope to annul 

Flinging Down the Gauntlet. In the his sentence of deposition ; but the Pope was 
year 1076 the smouldering antipathy between the determined not to make forgiveness easy. For 
two men broke out into open war. Gregoiy sum- three days the emperor, clad in the thin white 
moned the emperor to appear befoie him at robe of a penitent, shivered in the courtyard of 
Rome, there to answer for various breaches of Canossa. When at length admitted, he received 
ecclesiastical law. Henry retorted by convoking absolution, but on the humiliating terms of sub- 
a ^nod at Worms, at which the bishops, who mission to the Pope’s will — a promise to appear 
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were his partisans, formally renounced their 
allegiance to Grego^and served upon him a sum- 
mons, couched in insulting terms, to leave the 
apostolic throne which he had usurped ; “ I, 
Henry, by the Grace of God, with all the bishops 
of my realm, say unto thee — Down, dowm ! ” 
The Effects of a Spiritual Boycott. 
The emperor had ov<»r-rated his power, as ho 
soon discovered when the Pope replied with his 
expeote^ counter-stroke, excommunication and 
doposition from the imperial dignity. The 
|>olitical result of this sentence, the assembling 
of a hostile Diet, the revolt of three of the most 
powerful dukes, he could perhaps have sur- 
mounted ; but the social results* the loneliness 
and depression ca^ed by the terrible “ boycott ” 
of excommunication — an expressive word must 
be borrowed from modern politic8-.-were too 
much for him. In the depths of an unusually 
«ov^ winter he and a few faithful foUowers 


before his judgment seat to answer the charges 
made against him, and meanwhile to lay aside the 
marks of his rank and perform none of the 
functions of royalty. 

This is the far-famed pilgrimage to Canossa, 
which profoundly stirred the minds, not only of 
contemporaries, but of many sucoe^ing genera- 
tions, and the echo of whicli was heard in modern 
politics in Bismarck’s w'ell-known phrase, ** We 
certainly shall not go to Canossa.” 

The WeaKnese of Extremes. It took 
place in 1077, just eleven years after the battle 
of Hastings. In this instance it was proved 
that Gregory had over-strained his power. The 
humiliation so joyously inflicted on the greateBt 
of its potentates revolted the consolenoe of 
Christendom. German pride was w'ounded by the : 
arrogance of the Italian. Heniy’s affairs aKsumed " 
for the time a more cheerful ast^t, a secotid 
excommunic^f^n fell h^nmless. 
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beRieged, and saved from capture only by the 
appearance of those terrible allies, the Normans, 
v^o pillaged, burnt, and ravaged worse than any 
of flonie’s previous barbarian concjuerors. 
Gregory died at Salerno in 1085, uttering the 
memorable words ; “I have loved righteousness 
and hated iniquity ; therefore it is I die in exile.” 

Tho Crucial Queatlon of Investiturea. 
The point at issue between the tw^o rival poten- 
tates was not merely a personal one, though un- 
doubtedly the natural man’s desire for pre- 
eminence played a great part in the drama. 
There was also one really difficult question w hich 
for more than half a century distnw^ted Christen- 
dom — the question of investitures. The high lords 
of the Church, her bishops, archbishops, mitred 
abbots, and patriarchs, were also, especially in 
Gcrinanj% high lords in the state, riilevs of 


ring to betoken the new^ bishop’s marriage to his 
diocese, the staff his duty of shepherding the 
flock. Where w^as the fftness of the bestowal of 
these on a churchman by an earthly potentate ? 
Yet, on the other hand, if some of the most 
powerful nobles of the empire could hold their 
lands subject to no recognition of the emperor s 
supremacy, what became of feudal subordination? 
It will therefore be seen that the dispute about 
investitures was no mere strife about w^ords, but 
that a real contest of principles Was involved. 

At one point of the struggle a Pope — Paschal 
II. — was actually willing to surrender all the 
landed domains of the Church if the emperor 
would give up his claim to grant investiture to 
her officers ; but this sacrilioc w as too much for 
his episcopal clients, and negotiations on that 
footing had to be tabandoned. 
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enormous territories and entitled to the obedience 
of powerful vassals. Here then were two mighty 
organisations, the ecclesiastical and the feudal. 
How coulu these be fitted into one another ? 
On feudal principles, all temporal power involved 
the feudal tie, lordship over the vassals beneath, 
rassalage io the lord above, and the lord para- 
mount over all was the king. 

But on ecclesiastical principles, as now asserted 
by Hildebrand,* the dignitaries of the Church, 
deriving their authority from God Himself, 
were subject to no man, save the Pope, God’s 
ricar. How then could the bishop or archbishop 
be asked to do homage to any temporal lord, even 
bo the emperor himself ? How could the hands 
which in the sacrifice of the Mass “ could create 
the Creator ” be pressed between the hands of a 
inan who was perhaps an adulterer and a 
murderer f The symbols of the investiture of a 
prelate were the ring and the pastoral staff — the 


A Settlement by Compromiae. At last, 
however, at the Diet of Worms in 1122, a reason- 
able compromise was effected. Investitimi by 
ring and staff, the religious part of the process, 
W'lis renounced by the emperor, but the n^w^ly 
consecrated ecclesiastic must kneel before the em- 
peror and receive from his outstretched sceptro the 
touch which conveyed to him dominion over the 
lands attached to his bishopric. The principle of 
the Concordat of Worms w'as apparently accepted 
in the other countries of Western Europe, and in 
some of them, at any rate, continues in force till 
this day. When a parish clergyman is selected for 
promotion to an English bishopric, after he has 
gone through the ecclesiastical ceremonies of elec- 
tion by the dean and chapter, consecration by bis 
brother bishops, and ent^onement in his cathe- 
dral, it is bis duty to take the train for Windsor, 
and there do homage to the King for the tempo- 
ralities of his see. THOMAS HODGKIN 
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The Dumb Well. Gullies and Their Uses. Subways for Pipes. 

Steam and Motor Rolling. Watering. Channelling and Kerbing. 

METHODS OF ROAD DRAINING 


Draining* the Road. Suburban and 
country roadways are often rendered impassable 
after neavy rains from the want of proper 
drainage. Deep ruts are formed, which become 
channds for the water, and there is no escape 
for the rainfall. One of the simplest modes 
of draining a country road in localities where 
gravel or stone may be had is to lay hori- 
zontal drain-pipes below the gravel, so that the 
rain will pass through to them. A good-sized 
pipe-tile is laid at the bottom, surrounded by 
small stones. On this coarse gravel or loose 
stones, such as quarry chippings, are laid, and 
above this a layer of fine gravel, then the surface 
gravel. 

Such a drain in the centre of the roadway will 
often be sufficient, but for wider roads two linos 
of drains may be made. At all the depressions in 
the road, outlets must be made for the discharge 
of the water from the drain tile to the roadside, or 
natural channels, which cross the line of road. A 
properly compacted foundation, laid to a good 
inclination or section, and a well-metalled road- 
way and footpaths, throw off the water uniformly, 
and require only a few well-placed gullies to 
carry off the surplus rainfall. 

Importance of Road Draining. Too 
much attention cannot bo paid to the drainage 
of roads. When footpaths are constructed, a 
channel or watercourse is formed to receive the 
water which results from curving the transverse 
section of the road, and gullies are placed t o about 
every 40 lineal yards of sewer, and at every 
iatei|ectioD of streets, to convoy the water 
through 6-in. pipes into a properly constructed 
sewer having a suitable outfall. In country 
roads, where there is no footpath or sower, 
water tables (the width of a roadman's spade) 
should be cut obliquely at intervals to convey the 
water from the channel at the side of a road into 
a ditch or watercourse, thus carrying the water 
off before it can filter through the surface of 
the road. 

The Dumb Well. When there are no 
natural outlets for the water, such as ditches, 
ponds, and watercourses, a dumd well is con- 
structed under the path. This kind of well is 
dug and steined on the underpinning principle. 
The excavation is carried down as far as it can 
safely be taken without steining. An elm. 
curb, made in two or more thicknesses, lap- 
jdinted and cut circular, is then laid at the 
bottom, and the brickwork is built thereon. 
The excavation is then continued inside the 
ourb. The earth supporting the curb is then 
cut out, with the exception of a few piers, a 
ffrm footing of timber is made in the centre 
of the bottom, and raking struts are put in to 


carry the ourb ; after which the piers are cut 
away, a new curb is put in, and the brickwork 
is carried up and pinned in under the old curb, 
which is left in position. In practice workmen 
often use more rough-and-ready methods, at 
considerable risk. 

The well is then either domed right over in 
brickwork, or partly domed oven leaving an 
opening of about 2 ft. square Tor cleaning 
purposes, this opening being covered with a 
3-in. York stone. 

Road Drainage with Pumped 
Sewage. In a town or district where all 
sewage has to be pumped, it is of great advantage 
to keep the volume as low and as constant as 
poHHiblo ; it would therefore bo better to have 
a separate system for surface water. To give 
an idea of the enormous saving which would bo 
effected in a district of this kind if Uie whole 
of a rainfall of 1 in. per hour were kept out of 
the foul sewers, and a 1 h.p. pump sufficed 
to lift the volume, it would require a 60 h.p. 
engine and pump to lift this largo quantity 
of rainfall if the whole found its way to the 
foul sowers. 

The table below is given, as rainfall plays a 
very important part in the designing and con- 
struction of storm and surface- w'atcr sewers. 

The annual rainfall in England varies from 
20 in. to 70 in., the average being 40 in. 

The greatest rainfall in England in 24 
hours — 3 in. 


Tho 

greatest 

rainfall 

in 

England 

in one 

hour - 

= 1 in. — in 

rare cases 

u 

in. and 1} 

in. 

Jin. 

of rainfall 

— *585 gal. 

per yd. superficial 

ft in. 

9f 

- *878 

f f 

»» 


J in. 

ss 

1*171 

99 

»* 


i'll in. 

99 

= 1*463 

9 9 



i in. 

ft 

- 1*756 


f f 

»» 

ft in. 

9f 

== 2049 


. » 

f* 

i in. 

99 

2*343 


. . 

»» 

ft in. 

99 

- 2*635 



»• 

tin. 

9 9 

- 2*928 


’ , 

»* 

[,*. in. 

9* 

3*220 



f* 

fin. 


= 3*514 


1* 

♦* 

f in. 


= 3-806 


If 

tr 

fin. 


= 4*099 

99 

f* 


Uin. 

»> 

4*395 

99 

f* 

«« 

1 in. 

9/ 

= 4*687 

99 

»» 



The following is a digest of the clauses for 
the preparation of a specification for this class 
of work: 


Each length of sewer shall be laid in a perfeoily 
8traigl>t line both in the horizontal and vertioal 
planes, the levels and gradients shown upon the 
drawings being rigidly a^ered to unless otheraiae 
ordered in writing ; and every pipe shall be lioonr. 
ately boned in with a proper boning -rod arranged- 
between two fixed sight-rails. ' 
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The lateral j^osition of the pipes or concrete tubes 
must be kept trim bv means of a cord or wire stretched 
in the trench close to the proposed position of the 
jiipes. 

The pipes, concrete, and brickwork shall be laid 
upon an even and solid foundation. 

On the completion of each ]enp:th of pipodaying 
or other work, after the same has been 
examined and approved by the en 
^itieer, the excavations are to be at 
once tilled in over and around the work, 
and the ground is to be made up to the 
required level. 


i 


required level. 

In closing up all trenches select e<l 
earth or sand free from stones, lumfM, 
or other hard substances more than 
two inches in diameter, shall be care- 
fully shovelled into the trench to a 
doptli of 1 ft. above the crown of the 
sower. This material shall be solidly 
rammed down on both sides of ilio 
pipes so as not to disturb them. In 
the ease of stoneware pipe sewers in 
trenches over 6 ft. deep, the eartli V 

shall not be throwrn direct on the 
pipe, but shall first be shovelled on L.liar a 
to a portion already covered and then g. bKICK QUIXY TANK Foot-iions shall bo inserted and 

passed along, on the uncovered fixed in every fourth course of the 

portion by a labourer in the trench. i wall, extending through the brickwork, 

All timber used for shoring or other turned up so that they cannot 

purposes shall bo carefully drawn as \ bo drawn. 

the work of fillirig-iri pi ogresses, and Gullies. For raad.4 and streets 

never in such a way as to allow the side where jxtf'ed channels are formed, 

1 cii 1 stoneware gullies, covered 

The trenches shaU ineroaftor bo filled -i.! * a* j r „ 

up in layers of 9 in. d<?ep, each layer iron gratings and frames, are 

being well rammed down over tlio list'd. A groat number of dilieront 

whole surface before the next layer descriptions and types of gullies 

in. the market, and it is im> 

Walking over sewers shall not bo possible to gO into the merits of 

allowed until they have boon covered 4. QULLY, SHOwlNCT KERB x i i j i t u 

with at least 1 ft. of earth. All OVERFLOW should bo of suoh 


chambers The foundations and floors shall be 
formed in cement concrete, properly shaped to the 
forms shown on the drawing. The floors of the 
manholes shall be rendered 1 in. thick in cement 
mortar, the whole being carefully constructed to 
the exact forms and gradients shown on the drawings. 
Semi-circular channels shall bo formed in the concrete 
floors, and whore two or more sewers 
enter a manhole the channels shall be 
curved so as to lead the sewage from 
one sewer into another with ' as little 
interruption to the flow as possible. 

The walls and arches snail be built 
in brickwork and backed up behind 
solid with filling of approved material. 
The bricks shall lie carefully cut and 
made good where the sewer pipes puss 
through. 

Every manhole shall have cast-iron 
plates inserted in the arches where 
they are cut away to form the 
entrance to the manholes. 

The covers shall be of the pat- 
\ terns shown and described, and 
they shall be carefully set to the 
?3 8lf)po of tho ground surface. 
rr.T.v tank Foot-iions shall bo inserted and 

fixed in every fourth course of the 

- wall, extending through the brickwork, 

and turned up so that they cannot 
bo drawn. 

Gullies. For roads and streets 
where p(it:ed channels are formed, 
iron or stoneware gullies, covered 
with iron gratings and frames, are 
us<'d. A groat number of different 
descriptions and types of gullies 
are on the market, and it is im> 


with at least 1 ft. of earth. All OVEl 

IxHildcrs, rocks, stones, logs, and other 
objects of over half cwt., and such other materials 
AS the engineer may doom imsuitcd for filling, shall 
bo considoreil as waste material. 

Tho contractor is to consolidate the ground filled 
in with a copious supply of water. 

Tho joints of all pipes shall bo well and truly 
made with Portland cement. Tlie cement mortar 
used for this})urpose to bo in the proportion of one of 
washed sand to two 

vdth a fillet^ of ^ the^ | 

in as to fill the ex- 
Ireme end of the space 
between tho socket and ^ " 

thepijie for a depth of at 

eirculcu iSlade and long 
handle shall be used to 
take off and clean out HB . 
the superfluous cement 
from the inside of the 

All brickwork of man- • 

[kies shall be executed ^NOWLE S STREET 

ini the most workmanlike GULLY 

I ipanner ; each course 

f flushed in, grouted, and finished solid ; the courses 
f run parallel, or, where curved, evenly and uniformly to 
L the curvature of the work, and centres in neat, close, 
and regular joints struck neatly and flush with 
> the face of the work. In the case of work built on 
[centres the joints shall be carefully cleaned off and 
'.finish^ upon the removal of the (intros. 

Tfte manholes shall be constructed with square 


PLOW ^^®y ^ 

form, materials, and dimensions as 

tho necessities of the case require. 

For country roads and by-roads, where cost 
is a consideration, a suitabl(‘/ brick tank [3] 
can constructed to hold a considerable 
qup.ntity of the silt or detritus, which is 
carried down bj’ every rain off such roads. ^ 

^ ' -v The fonn and 

H i) Sufficient area of 

[\ grating surface to 
y off heavy rains 

>) Sufficient cubical 
bents of tho gully 
retain road detritus 
silt below the out- 
6. durrant’s patent prevent their 

STREET GULLY being carried by the 
water into the sewer. 

(c) A good water-seal or trap to prevent tho 
escape of sewer gas. 

The gully tanks should be carefully bedded 
and fbced in their position, and the connection 
to tho drain-pipes made with a cement joint 
The weir, or kerb overflow [4], is to’ bo fixed 
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at such a height as to bone into the kerb height, 
and the ohannelling ^ arranged that the water 
may flow freely over Iho weir. The cover should 
he bedded on brickwork set in cement, and 
the top should be laid flush \ritb the pavement. 
Fira. 6k 6, and 7 illustrate^ certain types of 
gullies, and show the manner in which they are 
nxed. Figs 8 and 9 illust^'ate gully gratings 
for brick and stoneware tanks. 


and successfully leading the in an ex* 
periment which but a few years agb was often 
regarded with ridicule. 

Construction and Cost. These sub- 
ways are constructed wholly of concrete, with 
the exception of a 4f in. ring of brick to 
form the arch, and are 6 ft. 6 in. high by 6 ft. 
6 in. wide, and contain one 18 in. gas-main, 
one 10 in., and one 6 in. water-main, with 


Subways for 
Pipes. It is some- 
what of a slur on our 
boasted twentieth cen- 
tury notions of sanitation 
that the pipes conveying 
pure water to the com- 
munity should be allowed 
to be hidden, and, with a 
proportion of important 
fittings, to bo beyond the 
proper inspection . and 
supervision they should 
have, the only method 
,of inspection, localising 
a leak, or making a new 
connection being to 
break open the public 
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provision for telephone 
and electric light cables. 
The cost of these sub- 
ways was £7 2s. 4dl per 
lineal yard, this amount 
including all the lateral 
ways and the electric 
lighting throughout. 

Value of Sub« 
ways. Not only is the 
result of cutting trenches 
longitudinally and trans-- 
versoly through the road 
detrimental to the road, 
but the contour is dis- 
figured for a long time, 
and the necessary total 
or partial blocking up of 


carnage-way. 

liOndon subways are the most complete of 
their kind in England, and arc in size IG ft. wide 
by 7 ft. 6 in. high, 12 ft. by 7 ft. G in., and 
8 ft. by 7 ft. Nottingham has some most con- 
venient subways, but nothing of the kind is to bo 
found in Manchester, Liverpool, Birmingham, 
and other great centres, though, about 1895, 
tho city engineer of Manche.ster prepared a 
scheme for subways under a section of new 
streets in that city at an estimated cost of 
£51,000 per mile. 

Provincial Subways. In one of the 

priMpal subways in Nottingham tho following 
pipff' and cables are accommodated : One 
15* in. sewer, two gas-mains about 8 in. diameter, 
two water-mains about 4 in. diameter, several 
telephone cables, telegraph cables, and twenty 
electric cables. 

To show the l 
value of such 

works, in Victoria » ^ V 

Street, Notting- , 
ham, in which is I 
situated the Gen- 
eral Post Office, m 

there are, besides •- -X- *] 

® *• ouW' outings fob bbick and stone- 

tions, no loss than ware tanks 

six pipes containing telegraph wires in the sub- 
way, and not one single stone was disturbed or 
the carriage-way broken up fpr twenty-five 
years, and in that period not one single penny 
was l^nt on repairs in tliat street. ' •> • 

V^tor3 to cR Helens can hardly escape 
the bon viotion that there: is one other borough 
in whieb experimental undertakings of suWays 
are ventured upon. 

It in faotk an agreeable surprise to find a 
comparatively small provincial town actually 
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a road necessitates pe- 
cuniary loss and delays to men of business. It is 
diflicult fairly to estimate the loss through delay 
of traffic in the metropolis, and other large cities, 
caused by tho oi>ening of tho roads, or to state the 
moiu*y that would annually be saved to the 
inhabitants by the tuioption of some sohemo 
for dealing with the existing pi[>e8 now buried, 
as any mode of estimation is ascertained on 
calculations of value on wdiich opinions may 
diller, but the following rule-of-thumb calcula- 
tions will verify that the loss is great : Allowing 
the ,‘1022 omnibuses passing daily through the 
8traml to carry fifteen passengers each, we 
have a total per day of 45,000. A fair average 
per day of vehicles of all kinds passing through 
the Strand is 12,000, which leaves a balance of 
persoas for carriages, cabs, and other vehicles 

of 9000. Allowing 
/ each to carry one 

^ person only, in ad- 
dition to the driver, 
an addition of 
. 18,000 persons is 
gained, making in 
all 03,000. Taking 
the delay causea 

FOR BRICK AND STONE- vchiclo in 

anks eonsequonee of . 

, , Open pipe trenches 

to be three minutes, there is a loss of 3115 hours, 
which, at one shillmg |ior hour, will idealise £167 10s. 
attributed loss, per day, or, 4n a year of 300 da;^ 
£47^250, which fe the interest at 4 per cent, 
g capital outlay of £1,181,260. ^ 

Steam; Rolling. The invention of steam- 
lioUersi 80 f*r as any practical results were 
obtained, was ofleeted by Mr. William Gbric, -' 
^*2?®** Cakutta, and the kte 
Mr^-FoibeijgtU Batho, of Westminster, whO' took 
out o^joiat patent for a steam-rdler io 1806* 
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first constructed rollers were generally 15 tons 
in weight, although one o! ^ tons was built 
for the Liverpool Corporation, and, although 
not used latterly, was broken up only in 1890. 

In 1865 a trial was made in Hyde Park by 
Messrs. Aveling & Porter in steam-rolling. 
An ordinaiy traction-engine had its wheels 
exchanged for heavy and wide roller-wheels. 
The trial was considered a success, and the next 
improvement was the roller supplied by this firm 
in 1867 to Liverpool. A modem roller is illus- 
trated in 10 and 18. 

Capacity of the Steam-Roller. By 

the use of steam-rollers some 2000 8U]>erfieial 
yards per day can be efficiently rolled, at a total 
cost of one- third of a pemiy to one-fifth of a 
penny per sq. yd. By the use of the roller the 
road is made at once ; the stones which compose 
it, while still sharp, are driven at once into 
their places, to the infinite comfort of the 
horses and men who have to traverse it. 


Surrey ; and the small cost of its mamtenanoe 
and working, together with its manifest utility, 
is proof that its design and manufacture 
wore on sound engineering lines. 

A roller of this type has been in regular use 
since 1905 by the War Department of the 
British Government for making and repairing 
asphalt, tar maoadam, and other paths. The 
Government has since bought a large number 
of these rollers of heavier sizes for road-making 
at home and abroad. 

Ton 14- ton machines (these are the internal- 
combustion, equivalent to the standard 
of stoam-rollor) are at work on the new Turkish 
national roads, which are being constructed by 
contract. The cost of a motor-roller, as illustrated, 
complete with awning, paraffin carburetter, 
and connections, is approximately £400 [11]. 

The Local Government Board sanctions 
loans to urban and rural district councils for 
the purchase of rollers, spreading the jiayment 


A road properly rolled and. 
consolidated will last 50 to 100 
per cent, longer than an un- 
rolled road, and will be much 
better able to withstand frost 
and heavy rains. The cost of 
haulage over its surface will bo 
lower, and the amount of road 
detritus removed from it will 
be very much loss. 

It is generally recognised that 
, in order to prevent the material 
(especially hoggin) from adhering 
to the wheels of steam-rollers a 
quantity of water has to bo 
spread over the surface of the 
road which is greatly in excess 
of the amount which is necessary 
for the consolidation of the road, 
and that much better roads 
would bo made if less water 
wore used to keep the wheels 
of the roller wet. 

A new spraying apparatus, 
reoently invent^ by Mr. Ernest 
van Button, borough engineer 
of Lewisham, entirely over- 
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over ten years. 

Watering. Roads ar^ 
sprinkled with water during th<? 
dry season for the purpose oi 
8 uppl 3 dng moisture essential to 
ensure the best wearing results 
from macadamised roads. 

The water is usually dis- 
tributed by water-carts, a two- 
wheel cart holding from 220 to 
300 gallons, and a four-wheel 
van 400 to 460 gallons, the carts 
being blled from street hydrants 
1 12J. fn Paris, and a few towns 
in this country, watering is 
frequently done by hose at- 
tached to the fire hydrants in 
the street. Metal pipes with 
flexible joints are generally 
adopted ; or, if hose-pipe is 
used, it should be protected by 
a coil of thick wire. Ordinary 
hose- pipe, owing to the severe 
friction it receives, soon wears 
out. The hose method is not 
to be recommended in prefer- 
ence to the use of water-carts. 


comes this - trouble, and also filling water-carts Sea- water for road- watering 

effects a very considerable has been largely employed 

economy by dispensing with the necessity of a during recent years in seaside towns. Salt 

horse, driver, and water-cart in attendance on each water for this purpose has some advantages 

steam-roller. It also rodiicos the cost of water. over fresh. There is a considerable saving in 

Water in any quantity desired is forced the cost of sprinkling by the use of salt water 

from the water- tank by an ejector through when it is near at hand as compared with 
copper tubes, and sprayed through perforated that of fresh ; one sprinkline of the former 
pipes over the wheels. It is controlled from the will lay the dust for a length of time that would 
footplate by the driver, by taps arranged in almost require two or three sprinklings of the 
such a way that any one, two, or three wheels latter. A road, after beins sprinkled onoe or 
may be sprayed at a time. The supply can twice with sea-water, will remain free from 
be so regulate that it may come drop by drop dust for some time after the road is practically 
or insufficient quantity to consolidate a road dry, as the deliquescent salts contained in the 
In fiiy weather [10]. water form a hard crust which in a measure 

In% now nine years since Messrs. Barford & preserves the surface. 

P^kins, of Peterborough, originated the motor- Channelling and Kerhing, OhanneL 
roUer, and eight years since the first one offered ling, also known under the technical term of 

to the public was exhibited and sold. This guUer and weder is eiteeiiticd for all road^ ^ 
roH^ 1 m beeUt and is still, in regular use in to cany away the wato. ' 
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All ohaimelB should be from 12 to 18 in. wide, 
and laid on a \4 in. concrete foundation, and 
well grouted m with liquid Portland cement 
or cement and sand^ 

Channels ore usuall)> constructed of granite, 
cither 12 in. flat or with 3 in. setts laid in courses 
to form a 9, 12, 15, or 18 in. channel. 

Three inches should be the minimum thickness 
for any class of street. At the crossings or 
intersections of streets it is advisable to keep 
the channel level with the kerb, to enable 
p^^eMians to step off the path on to the crossing 
withumP a drop. This can he readily done by 
using granite pitchers aroimd the corner, and 
allowing one edge of the pitchers to butt against 
the kerb, the other edge of the pitchers tilting 
towards the crossing, as it is very seldom that 
water has to be carried at these points. 


In laying kerb it is very important that an 
experienced man possessing a good eye sboiUd 
be employed to make it appear pleasing to the 
eye, both as regards line and level, as kerb laid 
even a little unevenly is very perceptible. The 
“ skillet line ” jtnd “ boning rods ” are uscid 
►to assist in sociiring a straight or curved line. 
It has been held that a local authority has 
no power to compel the kerb of a foot])ath to bo 
laid in a new street before building operations 
are begun. 

Specification. The following is an abbre- 
viated clause for the specilication : 

Lay the granite kerb in a dead atraight lino, with 
uniform longitudinal gradients, and so as to bone 
accurately througli from point to point. The kerb 
is to be laid on 4 in. of cement concrete, 15 in. wide, 
with a fall of i in. outwards toward the channel, 
each stone to l>o embedded solid and well beetled 


Materials used. The chief granites used 
are Aberdeen, Guernsey, and Norwegian, costing 
28. to 2s. 4d. per lineal foot, 4 in. in thickness, 
12 in. wide on a concrete foundation, and stones 
— Keinton, Purbeok, and Shamrock — of the 

same dimensions, .... .. — 

costing Is. 6d. to ' ' ' 

Is. lOd. 

All footpatns 
should have a kerb 
on the outer edge 
to act as a sill for 
raising the path 
above the water i 
flowing along the | 
channel, and to j 
retain tho founda- I 
tion and surface of 
the path. 

The most usual 
kerb is a dressed 
granite, such as an 
Aberdeen, Guern- 
sey, or Noiwegian, 

1 2 in. wide by 0 in. 
deep, costing from 13. A modeb 

28, to 2s. 6d. per 

lineal foot, laid complete on a con^i*6te founda- 
tion, though in a country' district an undressed 
granite, 4 in. wide by 9 in. doej), costing from Is. 
to Is. 6d. per lineal foot, may be substituted, but 
this certainly looks a little rustic, and has nob 
the workmanlike appearance of a dressed kerb. 

Kjerbs are »Lo made in blue Staffordshire 
etonewaro, in either a bull-nosed, splayed, 

. O.G., or solid pattern of various sizes. A kerb 
can also be constructed of cement concrete 
.blocks, or with concrete in situ, by means of 
: plahk moulding rigidly fixed in place, and 
, removed after the concrete has set. This kerb 
is suitable for a street of poor-class property, 
Where it is essential to study economy. 

• The concrete should be of the best materials, 
p such as good Portland cement and thoroughly 
oleafl shi^le, ballast, or broken stone in proper 
i piopo^^ and well mixed. In France wrought 
iron kerbs are^ used, ^ i^nd these have 
in^r^need 4a : some towns in 
In/Amoinca brick kerbs ol 


down into position with cIoho butt joints. 

The bntt joints are to be well grouted in with 
one part of cement to two parts of fine sand, each 
joint to bo completely filled and finished with a 
noatly cut joint. 

The channelling is to be laid on 4 in. cement 

concrete, 12 in. wide, 

^ to uniform gradients 
; 1 4 in. below the top 
edge of the kerb, 
except where other- 
wise specified or 
directed by the 
engineer, and with a 
i croHA fall of 1 in. 
toward tho kerb, each 
stone bedded solid 
and well beetled 
down into position 
with close joints. 

'irhc butt joints and 
the joint between 
kerb and channel nr© 
to bo grouted in and 
finished ns specified 
for the kerbing. All 
channelling is to be 
laid so as to break 
joint with the kerb- 
stones. A circular 

A MODERN STEAM-ROLLER kerb is to bo accur- 

titely laid in the 
position shown upon the drawings, so ns to continue 
the line of kerbing in a uniform curve of proper 
radius, with proper radiating joints, which are to 
be accurjitely fitted on the spot if necessary. 

Where kerb has to be relaid it is to bo carefully^ 
taken up and rcleid on concrete in tho manner 
described for new kerbs, and lowered or raised to 
new lov'^ol as required. 

Any existing kerbstone which the surveyor may 
deoia unsound or defective are not to be reused. The 
contractor is to include in his price for reworking, 
bac^k-jointing, and squaring ends of any kerbs 
which have to bo relaid. 

All gully tanks to bo supplied with 6 in. outlet 
and inovablo grating of strong bars, each gloating to 
weigh not less than 2 cwt. 25 lb. 

A row of granite setts laid as headers on oement 
Qoncrete 4 in. in depth, and grouted as Bpeeifiod in 
the paragraph above relating to ohannelling, to be 
laid around all gully gratings, and splayed at each 
end to meet the water channel. ^ 

This specification, if properly carried opl, 
should ensure a thoroughly satismotory kerbing 
and channelling. Of course, all kerbing and^ 
channelling shpuld be laid previous to the 
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Short Studies of Defoe, Swift, Steele, and Addison. 

The Influence of **The Spectator” and ‘*The Tatler.’* 

EIGHTEENTH CENTURY PROSE 

W HAT the prose of the eighteen tli century No one need be counselled to read “ Robinson 
may Jack in colour and warmth as com- Crusoe.” The reading of this immortal fiction 

pared vith the prose of the seventeenth century is in the birthright of every Englishman, though 

it gains in general smoothness, perspicacity, not so many are familiar with its sequel, which, 

and correctness. It set the standard of the not lacking in interest, is yet greatly infeiw to 

prose of the present day. It has been styled the- first and ever- popular story. “Moll^lan- 

aristocratic,” and this description is in the dors ” ought certainly to be read, and “ The 

main a true one. But at the period with Journal of the Plague,” and we would also urge 

which we are now to deal the “ aristocracy of the claims of “ Colonel Jack,” which contains 

intellect ” was to a great extent eiriployed to some ofvDefoe’s most brilliant writing, 

the furtherance of ends more practical, or at Jonathan Swift. As a pamphleteer 
least more partisan, than literary. These c-nda Jonathan Swift (b. 1607 ; d. 1745) affords 

were in part political, in part ecclcvsiastical, in an interesting companion study to Daniel 

part ethical. Thus the literature of the time Defoe. Swift was, however, by far the greater 

must be studied in connection with its political, man. His power as a pamphleteer may bo 

religious, and social history. gauged by a consideration of the famous 

Daniel Defoe. To Daniel Defoe (b. “Letters,” signed Drapier,” and f ami- 

1061 ?; d, 1731) must be assigned distinction known as “ Drapier s Letters.” In these 

as the first of English journalists, and as the compositions he attacked the iniquitous “ job ” 

forerunner of Richardson and Fielding. Today, by which, in 1722, a certain William Wood, a 

save as the author of two or threo books, one of hardwareman and a bankrupt, was granted a 

them of world-wide repute, Defoe is half for- patent for supplying Ireland with copper coin, 

gotten. In his lifetime, however, he played The “ Drapi(*r U^tters ” defeated this project; 

many parts, and over 250 distinct works bear ftud though it is often said that the ensuing 

his name. His “Robinson Crusoe” is as immor- popularity of their author among the Irish 

tal as “The Pilgrim’s Progress” or “Don l)eople was unpalatable to him, his bequests to 

Quixote.” Like these two works and one other Irish charit ies seem to ru'gative the idea that he 

that we shall have to mention almost immediately, had no sympathy for the people amid whom 

“ Robinson Crusoe ” may be read by the young lot was for a long time cast, 
on account of the narrative alone, and by elder Swift, it is to be feared, is largely misimd<*r- 

readers as an allegory. Of the many pamphlets stood. Though ht* bocanui a keen Tory, his 

that flowed from Defoe’s busy pen the most indignant })assion against wrongdoing raised 

remarkable, perhaps, is that bearing the title him so much above party feeling that he oflendod 

“ The Shortest Way with tJie Dissenters,” a both friends and enemies. What he scorned 

Whig production, tlu^ plausible realism rather to do for the sake of party or for the sake of 

than .the satire of which secured its author a cell his own preferment, be sconied to do for th(^ sake 

in Newgate and a place in tlu; pilloiy. of being thought conventional in his langu.ige. 

As the author of “ Captain Singleton,” “ Moll The result has been misunderstanding and the 

Flanders,” ” Colonel Jack,” and other works keeping of admiration at arm’s hmgth. The 

of a kindre^i character, Defoe stood sponsor “Tale of a Tub” is the most comprehensive 

to the novel of crime. In 1704 he start(*d a example of all that is characteristic of his prose 

“ Review ” which was the forerunner of “ The style. As sailors wore supposed to throw out 

Tatler,” “ The Spectator,” and “ The Rambler,” a tub to a whale to prevent it from colliding 

“ Robinson Crusoe ” and the fictitious “ Journal with their ship, so Swift thought by his “ Tal© ” 

of tho Plague Year” are enough to secure to afford such temporary diversion to the wits 

for Defoe pre-eminence as a master of the art of fi-nd freethinkers of his day as to prevent them 

literary illusion. “ To him,” says Leslie Stephen, from injuring tho State by the propagation of 

“ was given a tongue to which no one could wild theories respecting religion and politics, 

listen without believing every word he uttered.” But his satiric genius, his fiery imagination, and 

Ho had defects. Ho was curiously heedless his keen eye for “ the seamy side ” imparted to 

of chronology ; he was weak, on tho whole, the “ Tale of a Tub ” qualities that disgui^d 

as a delineator of character. But he was an to avowed object, and at the very outset placed 

essential “realist;” and if his readers would an insurmountable obstacle in tho way of to 

study the didactic side of his writings more, ecclesiastical preferment. 

aAi the “ Serious Reflections ” of his inimitable Satire and Self«revelation. “ The 
in particular, the character of Defoe him- Battle of the Books,” which, with the “ Tale of 

sell would escape in tho future some at least a Tub,” helped to make Swift famous, takes a 

of the aspersions that are still cast upon it. witty part in a controversy that was raging over" 

EI^XISH, LITERATURE, FOREIGN CLASSICS. AND JOURNALTSM 
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the respective claims of modem and ancient 
literature* Something like one-fourth of Swift’s 
most remarkable work, Gulliver’s Travels,” and 
a groat part of his other writings, are debarred 
from general' oiroulation on account of their 
coarseness. But of ” Gulliver’s Travels ” enough 
is so delightful as romance as to rival both 
“ Robinson Crusoe ” and “ The Pilgrim’s 
Progress ” in the estimation of young and old. 
Important as a satire, ‘‘Gulliver’s Travels” 
has a distinct value as autobiography. While 
Defoe excelled in the art of malwg fiction read 
like fafllt, Swift, with the finest skill, cultivated 
a drastic simplicity and homeliness of stylo the 
accumulated effect of which was so formidable 
as to afford a permanent object-lesson in the art 
that conceals art where the writing of nervous 
English prose is concerned. But the fact must 
not be ignored that with all its carefully calculated 
simplicity the English of Jonathan Swift is never 
pedestrian or devoid of sparkle or variety 
We select as an illustration of Swift’s style his 
” Meditation upon a Broomstick,” in which 
he imitated the manner of the ” Reflections ” 
of the philosopher Robert Boyle. It was written 
for a lady who greatly admired these meditations. 

Specimen of Swift*a Prose. This 
single stick, which you now behold in- 
gloriously lying in that neglected comer, I 
once knew in a flourishing state in a forest. It 
was full of sap, full of loaves, and full of boughs. 
But now in vain docs the busy art of man 
pretend to vie with Nature by tying that withered 
bundle of twigs to its sapless tmnk ! ’Tis now 
at best but the reverse of what it was, a tree 
turned upside down, the branches on the earth, 
and the root in the air. ’Tis now handled by 
every dirty woneh, condemned to do her 
dnidgenr, and, by a capricious kind of fate, 
destined to make other things clean, and to be 
nastv itself. At length, worn to the stumps 
in the service of the maids, ’tis cither thrown 
out of doors or condemned to the last use of 
kindling a fire. When I beheld this I sighed, 
and said to myself, Surely mortal man is a broom- 
stick, Nature sent him into the v orid strong 
and lusty, in a thriving condition, wearing his 
own hair on his head, the proper branches of this 
reasoning vegetable, till the ax© of intemperance 
h^ lopp^ off his grivn boughs and left him a 
wither^ trunk. He then flies to art, and puts 
on a periwig, valuing himself upon an unnatural 
bundle of hails, all covered with powder, that 
never grew on his head. But now should this 
our broomstick pretend to enter the scene, 
proud of those birchen spoils it never bore, and 
all covered with dust, though the sweepings of 
the finest lady’s chamber, we should be apt to 
ridicule and despise its vanity. Partial judges 
that we are of our own excellencies, and other 
men’s defaults ! But a broomstick, perhaps 
you will say, is an emblem of a tree standing 
on it? head ; and pray what is man but a topsy- 
tUrvko^ture, bis, animal faculties perpetually 
;moi^i|^ on his ratumal, his head where his 
Evheets abonld be, grovelling on the earth 1 And 
wltb^aO htr fiiolti^he^ts up to be a universal 
,i!elbi[mer a remover of 


grievances, rakes into every slut’s comer of 
Nature, bringing hidden oorruptlons to the 
Hght, and raises a mighty dust where there was 
none before, sharing deeply at I the while in 
the very same pollutions he pretends to sweef) 
away. His last days are spent in slavery of 
jMTomen, and generally the least deserving: till, 
worn to the stumps, like his brother besom, he 
is cither kicked out of doors or made use of to 
kindle flames for others to warm themselves by.” 

Steele and Addison. Sir Riohard^ 
Steele (b. 1672 ; d. 1729), the friend and school- 
fellow of Joseph Addison (b. 1672; d. 1719), 
was, like Swift, bom in Ireland, but in this fact 
lies the sole resemblance between the saturnine 
Dean of St. Patrick’s and the genial “ scallywag ” 
who originated “The Tatler,” wrote part of 
“ The Spectator,” founded “ The Guardian ” 
and other ephemeral periodicals, and worshijiped 
Addison as a hero. 

In 1709, Steele started “ The Tatler ” anony- 
mously. It was a small sheet, sold for a penny, 
appearing three times a woi'k, and designed to 
expose “ the false arts of life, to pull off the 
disguises of cunning, vanity, and affectation, 
and to recommend a general simplicity in our 
dress, our discourse, and our behaviour.” Part 
of “ The Tatler ” was devoted to news. When 
his pen-name of Isaac Bickerstaff, which ho 
borrowed from a diverting pamphlet by Swift, 
became useless as a disguise, Steele founded. 
“ The Spectator.” “ The Tatler ” extended to 
271 numbers, of which Steele wrote 188 ; his 
friend Addison contributed 42, and they were 
jointly responsible for 36. “The Spectator,” 
which was published daily, ran to 635 numbers, 
of which Addison wrote 274 and Siocle 240. The 
wholesome effect of these publications on the 
manners and morals of the eighteenth century 
can hardly bo exaggerated. Both the style of. 
writing and the tone of conversation were 
improved as a result of their influence. 

It is generally conceded that while Addison’s 
style is the more finished, Steele’s is more marked 
by liveliness of invention. Addison usually 
wrote at leisure, Steele often in a “ wliite heat.” 
The papers took the form sometimes of moral 
and cntical discourses, sometimes of short 
stories of domestic life, in the writing of which 
Steele excelled. 

Influence of Steele and Addison. 

Both “The Tatler” and “The Spectator” 
are remarkable for the respectful tone adopted 
in referring to women, though Steele was’ more 
chivalrous and less patronising than his friend. 
It was in “The Tatler” that, as Mr. G. A. 
Aitken reminds us, Steele wrote, “ As charity is 
esteemed a conjunction of the good qualities 
necessapr to a virtuous man, so love is the happy 
composition of all the accomplishments that 
make a fine gentleman.” And in the same paper 
he paid his memorable tribute to Lady Elizabeth 
Hastings (b. 1682 ; d. 1739), a plmanthropist 
and beauty, immortalised as ‘^Aspasia^’ 
both Steele and Coi^eve : “ Though her mien 
carries much more ihviitationilian command, to 
bdiold her is an immediate ofieek to loose be- 
haviour, an^ to love. her is a education.” 
..... 
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The plan of “The Spectator was laid at a 
club, and in the second number, written by Steele, 
wo are given the first sketches of the members. 

It is, as Mr. Aitkcn observes, a remarkable 
testimony to the skill of Steele’s work that the 
characters stand out so clearly before ua. The 
immortal baronet Sir Roger dc Coverlev is 
understood to bo Addison’s invention. ‘^Tho 
great work of Addison and Steele was to form 
public opinion on matters respecting which it 
can hardly be said to have existed before, and 
to cause their readers, at a critical time in otir 
history, to considtsr moral and social questions 
from a higher standpoint than had been their 
wont.” As a short example of Stoide’s style, 
wo may select the following passage on a theme 
that is of universal int-cuest. 

Example of Steele’s Style. “ The first 
sense of sorrow 1 cvt*r knew was upon the death 
of my father, at which lime 1 was not quite five 
years of age f but I was rather amazed at what 
all the hous(i meant than poss(‘S8ed of a real 
understanding why nobody was willing to play 
with me. I remember 1 wt'iit into the room 
where his body lay, and my mother sat woej)ing 
alone by it. 1 had my battledore in my hand, 
and fell a-bealing the coffin, and calling Papa ; 
for, 1 know not how, 1 had some slight idea that 
he was locked up there, My mother caught mo 
in her arms, and, transportrcd besyond all f)atieneo 
of the silent grief she was before in, slu* almost 
smothered me in her embrace, and told me, in a 
flood of tears, i)apa could not hear me, and would 
jilay with me no more, for they were, going to put 
him underground, whence he could never come 
to us again, 8he was a very beautiful woman, of 
a noble spirit, and there was a dignity in her 
grief amidst all the wildness of her transport, 
which, methought, struck me with an instinct 
of sorrow, which, before 1 was sensible of what 
it was to grieve, seized my very soul, and has 
made pity the weakne.ss of my heart ever since.” 

Steele and Addison Compared. 
Steele, as Hazlitt reniai’ked, seems to have 
gone into his study chiefly to set down what he 
observed out of doors. Addison, on the other 
hand, drcw most of his inspiration from books. 
But whatever the cause may be, and however 
much our heart may go out to ” Dick ” Steele, 
t)ie verdict of such good critics as Johnson and 
Macaulay must be accepted concerning the high 
qualities of Addison’s limpid style. Addison s 
sentenges, according to Johnson, have neither 
studied amplitude nor affected brevity ; his 
periods, though not diligently rounded, arc 
voluble and easy. “ Never,” said Macaulay, 
“ had the English language been written with 
such sweetness, grace, and facility.” 

Steele excelled in sympathy. Addison was a 
master of irony. Not the least of Addison’s 
Mrvioes to literature was the attention he gave 
in “The Spectator” to Milton. These papers 
should be studied by all who desire to appreciate 
the stylo and value of literary criticism in Addi- 
son’s time. On the whole, we read Addison 
today not so much for the value of what he has 
to say as for the way in which he says it. One 

the most noteworthy of his contributions to 
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“ The Spectator ” is ,the allegory entitled “ The 
Vision of Mirza,” which the writer professes to 
have translated from an Oriental manuscript. 
It tells of one who went up to the high hills of 
Bagdat to pray. There he met the Genius of a 
certain rock who opened his eyes to the vision of 
a groat valley with a prodigious tide flowing 
through it. The valley is the Vale of Miseiy, the 
tide part of the great Tide of Eternity, in the 
midst is a Bridge — Human Lift — over which 
multitudes are passing, and which, like the valley, 
is slmouded at both ends by darkness. The fair- 
way is studded with trap-doors through which 
passengers fall into the flowing tide beneath. 

Short Specimen of Addison’s Style. 
“ The Genius, being moved with compassion 
towards me, bid me? quit so uncomfortable a 
prospect. Look no mort*, said he, on man in 
the First Stage of his Existence, in his setting 
out for Eternity ; but cast thine eye into that 
thick Mist into which the Tide bears the several 
generations of mortals that fall into it. 1 
directed my sight as I was ordered, and (whether 
or no the good Genius strengthened it with any 
supernatural force, or dissipated part of the 
Mist that was before too thick for the eye to 
pt'nctrate) F saw the Valley opening at tlie 
farther cn<l, and spreading forth into an immense 
Ocean that had aJiugc^ Rock of Adamant running 
through thi‘ midst of it, and dividing it into two 
equal parts. The (Uouds still rested on one half 
of it, inasmuch that I could discover nothing in 
it ; but tlie other appeared to me a vast Ocean 
planted with innumerable Islands, that were 
eov(*red with fruits and flowers, and interwoven 
with a thousand little Shining Seas that ran 
among them. T could PtTsons dressed in 
glorious habits, with garlands upon their heads, 
passing among the trees, lying down by tho 
side of fountains, or resting in beds of flowers ; 
ari<l could liear a confused harmony of singing 
birds, falling watei’s, human voices, and musical 
instruments. Gladness grew in me upon tho 
discovery of so delightful a scone. I wished for 
the wings of an eagle that 1 might fly away to 
thosti happy seats ; but tho Genius told mo 
there was no passage to them, except through 
Gatt's of Death, tliat I saw opening every 
moment upon the Bridge.” 

Addison’s Merits and Defects. I’his 
is no bad specimen of Addison’s style, illus- 
trating its defects as well as its merits. He 
sacrificed everything to elegance ; that is, to 
rhythm or melody of phrase. The supple move- 
ment and cadences of the above, its colour, will ^ 
l>e at once apparent. Still, Addison not only 
shows a somewhat limited vocabulary at times, 
but is very apt to repeat unnecessarily his ^deas 
and his images. The allegory from which wo 
have quoted will furnish examples of this, and 
also of what is not always a fault, though usually 
stigmatised as such by tho partisans of tho 
pompous, rhetorical style of prase — his loose* 
ness of construction. In the essay, this has its 
advantages, and helps to lightness of touch, 
which is scarcely possible where tho writer aims 
at “ rounded periods **-or stately sentences. 

J. A. HAMMERTON 
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i ositions on the Non-resident and Resident Staffs. Clerks and 
elleving Officers. Masters^ Matrons, Stewards, and Storekeepers. 

POOR LAW APPOINTMENTS 


Clerk to tbe Guardians. This, the 
foremost office on the Poor Law stafl, may fairly 
])e compared in more than one respect with that 
of town clerk. Like the latter official, the clerk 
to the guardians is at once head of the executive 
and advisor to his authority. In both capacities 
bis duties are very important. It must be re- 
membered that the board of guardians is an 
association of amateur administrators ; and that 
while its members are for the most part properly 
equipped for their tasks, instances of prejudice, 
misconceived powers, and mistaken zeal ar<i not 
unknown among them. Naturally, the difficulties 
arising in tho ^ministration of poor relief are, 
in the main, legal. This work is governed by a 
complexity of statutes, Local Governinent Board 
orders and circulars, official precedents, and 
decided coses ; and with tho risk of surcharges 
always present, it is a responsible and difficult 
task to pilot the board of guardians in safety 
through its many functions. To take but a 
single instance, the question of “ settlements 
— which consists in determining the parish or 
union to wdxich a pauper is properly chargeable — 
presents some of tho knottiest problems that ever 
gladdened the hear^ of a lawyer. 

The Need for a Legal Training. 

Hence it is that some sort of specialisfd legal 
training, whether professional or not, is almost 
as indispcasablc for the position of clerk to tlio 
guardians as is a wide experience of Poor Law 
methods and practice. We may rank as next in 
importance a thorough knowledge of rating and 
assessment work. During recent years there has 
been a growing . tendency on tho part of tho 
authorities to select for their leading official a 
solicitor or barrister who is well versed in each 
of the above requirements, but the proportion of 
professional men in the service of tin guardians 
is still small. A non -professional a{)pointment 
made by a northern board will illustrate tho 
class of training that is likely to stand a can- 
didate Jn good stead. The record of the officer 
selected as clerk included 11 years spent in a 
solicitor’s office a^d ISy^^ars’ valuable experience 
jjpi the assessment of property and the details of 
rating, acquired in the double capacity of assessor 
of moome and assistant overseer. 

The Beal TrainiH School. A census 
of {guardians’ clerks tnroughout the country 
would demonstrate that tho majority of them 
qualided for their positions by years of service 
under the gimrdians^in tbe capacity of assistant 
clerk. The best school for candidates is to be 
^onnd in the office of a clerk to the guardians of 
ft area who is himself a solicitor. A stem 
liiSo of our Poor Law service has complained 
at ^* the of hereditary sneoefaion oft^ 


prevails in Iti^as in the case of French execu- 
tioners under the old r6gimc.” Local influence 
often counts for a good deal in the contest 
for a chief clerkship, although exerted in 
tho direction of official rather than hereditary 
succession. But the Poor Law seiwice is not tho 
only one in which the reversion of the leading 
role oftenest faUs to tho understudy. 

Salaries and Emoluments. As is 

inevitable among authorities of such widely 
differing importance, the remuneration of clerks 
to the guardians varies greatly. In a small rural 
union the salary is usually fixed at a figure be- 
tween £180 and £300 a year. On the other hand, 
in a busy city or a metropolitan union it may be 
anywhere within the limits of £400 and £1000. 
The clerk to a northern London board, for 
instance, has received first £500, then £650, and 
afterwards £850 a year. Those amounts, how- 
ever, covered tho salaries of any assistants em- 
ployed by him. The Sheffield guardians pay 
their clerk £650 a year, rising to £700 ; and this 
is typical of the salary in the larger unions. 

The actual salary attached to a clerkship 
such seldom represents tho full fruits of the 
position. The clerk to the guardians often 
holds several minor appointments in addition, 
the rewards from which add considerably to 
his income as clerk, and may even double it. 

Thus the clerk to a small provincial union 
at £200 a year receives ai)proximately an equal 
amount as superintendent rt^gistrar of births, 
etc. ; £35 a year for liis services under the assess- 
ment committee, and, in addition (being under 
no restrictions as to other work), is clerk to the 
local district council at a salary of £265 — a 
total income of nearly £700 a year. It will bo 
evident, therefore, that the office of guardians’ 
clerk is often a very lucrative one. 

Assistant Clerks. Tho staff of sub- 
ordinate clerks is small. It ranges from a junior 
at £40 or £50 a year up to the first assistant clerk, 
whose pay may reach £350, but is more often 
between £150 and £275. The number of inter- 
mediate posts is naturally determined by the 
importance of tho union. Concerning the pro- 
spects of senior assistants, there is nothing to add 
to what has been said in discussing principal 
appointments. Their practical training should • 
have special reference to Poor Law accounts 
and the low of settlement and removal, and can 
be gained only in a guardians’ office. 

The Relieving Officer. The pivot 
of a well-administcrcd Poor Law,” says a dis- 
tinguished authority, is an ifltelligent, sympa- 
thetic, and high-minded relieving officer.” With- 
out undervaluing the services of the indoor 
staff, most persons who are in touch with the 
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difficult problems of poor relief will be inclined 
to coho this dictum. 

The peculiar importance of this public ser- 
vant’s duties is explained by the foot that he 
has to investigate the cases of all applicants 
for relief, and to lay l>cfore the board or com- 
mittee a report of their health, j^rciimstanoes, 
charaotcr, and ability to work. The guardians 
personally know nothing, as a rule, of the facts 
concerning these applicants. They rely on their 
expert to ascertain those facts ; and upon his 
re^port and advice their action in dealing with 
each request for aid mainly and neccsHarily 
depends. Now, the essence of etfcctive relief 
is a wise discrimination between the various 
classes of applicjints. The indolent and vicious 
must be sternly dealt with, the unfortunate 
aided, the inti tin ])rovided with a sholticr — 
always avoiding the extinction of self-reliance 
and the fostering of a pauper spirit. If, there- 
fore, the relief administered is to prove helpful 
and not harmful, the relieving officer must be 
a shrewd, kindly man, neither credulous nor 
routine- bound, and his reports must be full, 
impartial, and suggestive. 

An Official Man-of-all-Work. The 
relieving officer, witli or without assistants, 
is generally placed in charge of a l^ior J^aw 
district, within which he must reside. His 
duties, which are regulated by orders of the 
‘central authority, are of a verj' varied characU'r. 
In addition to the work already mentioned thc'y 
include the granting of temporary relief in 
urgent cases, and of provisional orders for tlu^ 
workhouse ; placing lunatics under restraint, 
and transferring to their place of settlement 
paui>er8 belonging to other unions. The 
relieving officer has also to call in the district 
medical officer and nurse when occasion arises, 
and to take out-relief to the poor who are too 
ill or feeble to call for it. 

Qualifications, No officially recognised 
school of instruction for these ])osts at present 
exists, and the majority of candidates enter ih<' 
8€>rvice without any real knowledge of thidr 
work, picking up such information casually 
and piecemeal after appointment. There are 
many objections to this method, and it is for- 
ttinate that tho National !Poor Law Officers’ 
Association affords special facilities enabling 
a would-be officer to learn something of his 
duties beforehand. The Poor Law Examina- 
tions Board, also, holds yearly tests in tho pro- 
iiciency of workhouse officera and of relieving 
officers; and although these examinations are 
purely voluntary, the certificates are already 
in high esteem, and may ultimately become 
compulsoty for all higher posts. The best practical 
training is afforded by a subordinate or assis- 
tant position under an able and zealous officer. 

^ Candidates aro^ usually required to be over 
25 and under 40 years of age, the upper limit 
being sometimes reduced to 35. A medical 
examination is generally (iompulsory ; and as 
relieving officers hold money of the guaidians 
in trust, a common condition of appointment 
is that security shall bo found in £1<X>. 


Rates of Pay, Superintendent positions 
command from £2^ to £250 -a year, and occa- 
sionally £60 more. Apart from these, the 
ran^ of a relieving officer’s earnings lies within 
tho limits of £100 and £200. A post of average 
value would begin with about £120 a year, and 
advance to £160 or a little more. London 
salaries, however, are on a slightly higher general 
level. In the City, for instance, district reeving 
officers begin at £160 and rise to £200. On tho 
other hand, a good many rural boards are 
unable to pfiy more than i&O or £90 a year for 
rtdiof work, but in such cases the officer’s income 
is usually raised to about £125 at least by other 
emoluments. These include the appointments 
of registrar of births and deaths, vaccination 
officer, and collector to the guardians — all of them 
being Poor Law posts, and a small stipend being 
attached to each. Candidates without previous 
knowledge of relief work must generally be 
content to enter as assistant relieving officers 
at £80 or £100 a year, until qualified by expeid- 
ence? for a better jiosition. There is a growing 
tendency to apj)oiut women as assistant relieving 
oiheers, at a stipenrl varying between £80 and 
£1 20 a year, or occasionally more. 

Other Posts, In busy districts, separate 
appointments an* geiKTally made to t>J0 posts of 
collector and vacjcination oflicer. The collector 
in such cases usually receives either 10 per cent, 
of tho sums he recovers for the guardians, or a 
fixed salary of £100 or £120 a year, and a com- 
mission of 5 per cent, in addition. Vaccination 
officers are paid for each case of successful 
vaccination according to a scale of fees j)rcscribed 
by the Local (lovcrnnienb Board. Under a 
Ijonilou board of guardians, s\ich fees may 
amount to flBO-a year or more. Officials of these 
two grades are frequently allowed to undertake 
other work during tfieir spare time. 

f’ertairi emoluments accompany the salaries 
paid to all resident officers of tho guardians 
and of similar authorities. As a rule, tho 
indoor stalT art; provided with free rations, 
furnished or unfurnished .a|)artments, lights 
and washing. Matrons, nurses, portoi’S, and 
attendants an; also entitled to their uniforms ; 
and in many instances the subordinate officers 
have the option of an annual allowance of £3 
or £4 in lieu of intoxicants. The lodging aocom- 
inodation provided varies in value with tho 
status of tho official. The scale of rations is 
fixed in each parish or union by tho guardians. 

The Workhouse Staff. Tho recognii^ 
heads of the workhouse, on their respective 
sides, arc the master and matron. They exercise 
general supervision and control over officers 
and paupers alike, and are answerable for the 
safety of the guardians’ property, the duo 
performance by every inmate of his or her 
daily task, and the proper conduct of the whole 
institution. Their duties axe elaborately laid 
down by the General Consolidated O^ex of 1847.' { 
In the words pf a Poor Law expert : “ Tho ! 
management of the workhouse is in the han^. 
of the master and matron, whose duties are set 
forti) in the regulations in the minutest detail, . 



ftom the deily reading of prayers and saying 
grace before and after meals, to the cookin|p ana 
(ii^tributton of the food, the general inspection of 
t he wards, and the maintenance of order amongst 
the inmates. The temperature of the water for 
the baths is even laid down in the rules.'* 
Salaries of Chief Officers. Without 
further instanoes of their multifarious duties, 
it will be readily understood that the master 
and matron of a workhouse are busy, responsible, 
and often much-harassed officials. Their work 
requires good organising powers, energy, and 
discretion, and a sound knowledge of all the 
complexities of Poor Law administration and 
accounts. The incomes with which these 
qualities are rewarded cannot be said to err on 
the side of generosity. For the larger unions, 
the joint earnings of master and matron usually 
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of bookkeeping and accounts approved by the ^ 
Local Government Board is a useful qualification * 
for these offices, which command from £30 to 
£65 a year, with the usual extras, and are 
attractive ohiefiy as stepping-stones to a higher 
appointment. The positions of labour master 
and labour mistress, involving suiiervision of 
the able-bodied paupers during the performance 
of their daily tasks, are open to candidates who 
have no previous experience, but who can furnish 
proof of being good disciplinarians. For male 
officers, cx-sergeunts and corporals of the Army 
are in request ; while a knowledge of steam 
laundry-work is frequently a strong recommenda- 
tion for the post of labour mistress. The limits 
of age are usually 26 to 40 for men, and 26 to 36 
in the cave of women. Masters are paid £30 to 
£36,^ year, and mistresses about £5 less. The 
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amount to £200 or £260 a year, with emoluments 
computed at from £70 to £120 extra in all. In 
Bmafier institutions the total income, excluding 
allowances, varie«' Wtwc'cn £176 and £80. 

Fifevious experience of Poor Law work in 
some capacity is practically essential for these 
positions. Hence, they are generally filled by 
the selection of an assistant master and matron, 
a rdleving officer and his wife, or the sujier- 
intendent and matron of a casual ward. In 
more than one recc nt instance a married couple 
b^giimuig their Poor Law service as porter and 
peeress have ultimately attained control of 
ui important workhouse. As a rule, the master 
^d matrOng^e chosen from among applicants 
tween 45 or 60 years of age, who 

her ore oMdless or have only a small family. 
« .^tiliordiiiate OlllcerA. Assistant masters 
^inksters* olerkiT are employed rnjJy in the 
;ii^ A di the 


average rate of pay for yardsmen, wardsmen, 
and portcTb jh £27 to £32 yearly. Apart from 
the oidinary domestic servants, those officials 
complete the executive staff. Kvery workhouse 
also has a small number of skilled operatives, 
including generally a fireman or engineer at £80 
or £90 a year ; a baker, receiving £60 or £66 ; a 
tailor, shoemaker, and male cook, each earning 
about £l a week ; and laundresses, at £26 to 
£35 a year. 

The Casual Wards. These* institutions 
are sometimes port of the workhouse itself, but 
often are at some distance from it. They are 
designt^ for the reception of kramps and other 

casual paupers ** of both sexes, and are in charge 
of a superintendent and matron, whose duty 
it is to ^ve their squalid guests the lodging and 
scanty fare prescribe by the regulations, and to 
insist on the performance of a proper task of work 
in return. l%e qualifications required of these 
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. oflicors, and their earnings, are practically those of 
the labour master and mistress, which havealready 
been discussed. The London casual wards are 
controlled by the Metropolitan Asylums Board. 

Stewards and Storekeepers* The terms 
on which these officers are employed in the 
larger institutions of the guardians are well 
exemplified by the following particulars respeet*' 
ing the Metropolitan Asylums Board, which are 
communicated by the clerk of that authority : 

Clerks and storekeepers and stew.ards may 
be properly classed together. Their pay ranges 
from 40s^ a week, with no resident allowances, 
to £300 a year, with full allowances, according 
to the size of the institution to which they afo 
attached, and the extent of their duties. These 
institutions vary from a convalescent home for 
100 children, to* ah ’imbecile asylum for #000 
])aticnts. Xo. • lechnical qualifications itro 
required, but, other \hings being equal, a man 
with sorjio (\\j)cricno(; of the Poor Law system of 
keei)ing accounts (which is s[>eci€al .'md rathc‘r 
complicated) woukl probably liave some jnefer- 
ehco. The duties consist in kot'ping the hooks 
of .account witli regard to tlie institution, 
receiving ami distributing all supplies and stores, 
acting as clerk to the institution, and of snper- 
I \’jising"to some extent certain of the mule staff ; 
and,' in institutions to whicli hind is atiaelied, 
their duties embrace the control of tlie farming 
and other operations.” 

I This sc'ction of the Midropolitau Asylums 
Board staff includes thirty-five principal })osts 
and a considcAublc number of subordinate ones. 

; An excellent way of entering is as steward's 
‘‘junior clerkf These oflicers, who must be not 
' less than ^eightwn years of age oti appointment, 
.• receive an initial salaiy of a bout £70 a year. Their 
dll tics afford the hi'st of training for an assistant 
stewardship, which is remunerated with £100 a 
year,”adyanojisg by £10 annually to £140, as well 
as full indoor allowances. 3’henoe, for a capable 
; oflicial, promotion to }irineipal rank is asvsured. 

: Asylum Officials. Apart from me<lical 
billets (which were diseu.ssed iu the prtivious 
.. chapter), municipal asylums furnish employ- 
ment . to a largo staff of sti'wards, matrons, 
anti subordinate oflicers. These posts are 
variously filled, some authorities advertising 
^vacancies, and others adopting the system of 
a “ waiting list.” Candidates for service under 
(X particular council should therefore ascertain 
, from the clerk which of these methods is adopted, 
rt' ■ The. Asylums Committee of the London 

* ^County Council, which controls ten large 
&yium8, and may be taken as a typical 

^ authority, remunerates its officers on the follow- 
iiig soale, an amiual increment, up to the 
maximum salary, being given in every grade : 

If House steward, £200, rising by £15 to £300, 
with meals; clerk, £210 to £360; assistant 

• clerk, £124 to £164; dispenser, £114 to £184; 
matron, £105 to £155; assistant matron (second 
doss), £64, by £2 to £74 ; first class, £84 to £95; 
male attendant (second class), £31 to £43 ; first 
c^, £40 to £53; head officer, £53 to £80 ; 

. attendant, ,in corresponding classes^ 
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£19 Ids. to £28, £29 to £37, and £42 to £53; 
farm bailiff, £2 3s. to £2 Us. weekly, with a 
house ; tailor and other workmen, Sis. to 39s. ; 
male cook, £54 to £80 ; butcher, £55 to £75 ; 
gardener, 208. to Sis., and a cottage. 

In addition to their salaries, cooks and 
butchers are provided with meals free of 
charge, and clerks and dispenses with dinner 
only. * Matrons of each class receive board, 
lodging and washing, and attendants the same 
advantages, with their uniforms, and good- 
conduct money besides up to £5 a year. 

In connection with this service, it should be 
noted tliat the post of steward is generally 
filled by the promotion of asylum clerks, and 
that of matron from the assistants. Candidates 
for assistant e-lcrkships are required to have 
some knowledge* of accounts, and to understand 
the receipt and issue of stores. The higher 
grades of attendant are invariably recruited 
from the subordinate ranks. It is the Council’s 
general practice to appoint seeond-tdass atten- 
dants from a list of suitable applicants, the ago 
limit prescribed for men being 35 years or less, 
and for women 20 to 30 years. Preference is 
given to male candidates who are instrumental- 
ists, or who can play cricket and football, and to 
women with a knowledge of music and singing. 
Dispensers s]\oukl hold the minor ccrtilu^ate of 
the Pharmaceutical Society. A liberal pension 
Fclierac^ is in force for officers of all ranks. 

Muniei[)al hospitals are ^staffed in practic- 
ally the same way as asylums, excej)t that the 
attendants arc replaced < by " a ' corresponding 
number of nurses. These 6ffic(‘rs, if "admitted 
as probationers, rc^ceivo from £15 to £24 yearly 
during training, and afterwards £35 to £45, in 
each case with full allowances iu addition. 

Schools and Cottage. Homes. These 
special centres for j)auper childn'u form an 
• invaluable means of rescuing young lives 
from tbo dismal associations of the work- 
house. For our purposes, liowever, the union 
•school iriay be dismissed in a few words. It 
is generally controlled by an experienced 
superint onik nt and matron — the latter in many 
instances a trained nurse — at a. joint salary of 
£120 to £200, with apartraents and other advan- 
tages. It has its own smalT staff' of ^teachers, 
whoso position is much like that of elementary 
school teachera under the County Council 

Cottage homes are practically Poor Law 
colonies, in wholesome surroundings far from 
the taint of cities. Eacli house has its quota of 
youngsters under the care of a foster-motheV 
— often a kindly-natured widow — ^wHo, in return 
for wages of £20 or £25 a year and emoluments, 
cooks and wfwhes for her adoptive family, and 
trains its girls in domestic ways. 'Sometimes a 
young or middle-aged married oouple is in charge . 
instead, in which case thb; h^^band’s share is i 
the care of the boys out of school hours, at r j, 
salary of some £3(i or £35. For;^th^e postal 
experience of children is generally essential / 

Our survey of tho Municipal Service^ \ 
concluded, and we now tui:n to a new bra 
of our subject — the National Service. i 
: ERNEST A. CAl ' 
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The Long Struggle to Establish the Theory of 
Organic Evolution, and the Men Who Fought It. 

THE GREAT WORK OF LAMARCK 


W B have now surveyed the whole known 
range of living beings, extinct and extant, 
vegetable and animal, from the ultra-microscopic 
“ filter- passers ” up to man himself. We have 
found, as an historical fact, that there has been a 
process of evolution. The theory of “ special 
creation ” does not need attack today, for it no 
longer exists. But our problems are all before 
us. We still have evolution to explain, and 
thence the future of life to predict. As Herbert 
Spencer once said, as the sphere of knowledge 
grows, its area of contact with the surrounding 
unknown grows also ; the more we know, the 
more we realise we do not know. And, in this 
case, we can now afford to be quite undogmatic 
and moderate and free from bitterness, for the 
theory of evolution, and the right to inquire 
reverently and humbly into the laws of Nature, 
are no longer fighting for their lives, with their 
backs to the wall, against the theologians of the 
nineteenth century. 

- We mibst begin with a brief historical outline 
of the idea of evolution, leading up to the great 
figure of Lamarck, which now, after a century, 
is just beginning to assume its real and splendid 
proportions in the minds of biologists. 

History of Organic Evolution. Organic 
evolution is not a “ new-fangled ” idea. It 
was believed and proclaimed by the founders 
and pioneers of Greek philosophy, such as Hera- 
cleitus. It lay at the very heart of the teaching 
of the Buddha, who was a contemporary of 
Heracleitus. Six centuries before the Christian 
era, the mighty Greek and the still mightier Indian 
]>rince were teaching the continuity and the 
orderly change which are exhibited everywhere 
in the living world. 

A few centuries later we find Aiistotle, the 
“Father of Natural History,” studying and 
comparing the different forms of life as he know 
them, and, amid a host of errors, yet asserting 
the truth of organic evolution. And with his 
name we may couple that of Lucretius, the 
Roman philosg>her ard poet, who wrote a 
famous poem ^On the Nature of Things,” in 
which he definitely adopted and illustrated the 
Greek ideas of evolution. But, by an event of 
tragic significance for the history of knowledge, 
the ancient philosophers and students of Nature 
were forgotten, and a legendary theory — ol 
'Babylonian origin, carried on by the Jews, 
and thence to Christianity — became established 
as authoritative and revealed truth. 

The Views of Bruno. Here, however, we 
. may simply ignore this and the other Creation 
. myths, and proceed to trace the survival, or 
^'^vival, of the ancient philosophy throughout 
Ihe Dark Ages when eoolesiasticism and brutal 
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superstition ruled Europe. In 1600 the Italian 
philosopher Giordano Bruno, a greater Lucretius, 
was murdered for his beliefs by the Church in 
Rome, on the spot where a statue to his immortal 
memory now stands. He taught the doctrine 
of organic evolution, and of Universal Mind as 
the Prime Mover of the spheres and the Animator 
of all living beings. 

Immanuel Kant. More than a century later, 
the name of Immanuel Kant, the German philo- 
sopher (of partly Scottish descent), comes before 
us. He taught the doctrine of organic evolution, 
as also of evolution in the heavens — cosmic 
evolution, like Bruno before him. He observed 
how so many animals are built upon a common 
plan — as it verily scorns to be — and wrote these 
words, remarkable indeed if wo realise the state 
of thought at the time. The facts of compara- 
tive anatomy, he says, “ strengthen the supposi- 
tion that living beings have an actual blood- 
relationship, due to derivation from a common 
parent, a supposition which is arrived at by 
observation . . . extending from man down 

to the polyps, and from these even down to 
mosses and lichens, and arriving finally at raw 
matter, the lowest stage of Nature observable 
by us. From this raw matter and its forces, the 
whole apparatus of [living] Nature seems to 
have been derived, according to mechanical 
laws (such as those which resulted in the pro- 
duction of crystals) ; yet this apparatus, as 
seen in organic beings, is so incomprehensible to 
us that we feel ourselves compelled to conceive 
for it a different principle.” 

The student must not read these words with 
haste, as of merely “ dry-as-dust ” interest. 
They must be read and re-read, and the language 
must be appreciated. Kant was one of the few 
greatest thinkers of all time, and this quotation 
is worthy of him. Note what he declares : 
that organic evolution is the* truth ; that 
there has been “ spontaneous generation,” or 
continuous evolution of living beings from 
“ raw ” or unorganised matter ; that tho 
physical laws of Nature are observed in various 
forms and facts of living beings ; and yet that the 
apparatus of living beings is such that we are 
required “ to conceive for it a different principle ** 
— an underlying spring or first thing, which is 
what principle means, that is not mechanical, 

De Buffon*s Teaching. Kant had a great 
French contemporary, the Comte de Buffon, 
one of the most assiduous and acute and original 
of all naturalists. He clearly saw and taught the 
fact of organic evolution. He oven made sug- 
gestions as to affinities between species. 

Buffon taught that the horse and the ass must 
have had a common ancestry, and he dared to 
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i^ay tho same for the ape and man. Beyond a 
doabt he was right in each case. And in one 
respect Buifon went a little further than Kant, 
who did not venture upon any scientific explana- 
tion of tho tremendous fact of evolution which he 
asserted. Buffon placed the real causes of 
evolution outside 4^ living being, and in this 
respect ho w'as the forerunner of the whole 
mechanical school of evolutionists, and of all 
the explanations which try to do without the 
** different principle,” not mechanical, which 
resides within the living being. Bullon thus 
suggests that living species have been and are 
being “ perfected or degenerated by the great 
changes in land and sea, by tho favours or dis- 
favours of Nature, by food, by the prolonged 
influences of climate, contrary or favourable.” 
We may well note these words of Buifon, in 
which ho points to the importance of environ- 
ment, as we now call it, and of nutrition. Later 
we shall have to ask whether the environment 
can conceivably change living beings so as to 
fiiake them adapted to it, or whether adaptation 
<loc8 not originate in tho living being, which adapts 
itself to its environment — not repeating the 
environment but replying to it, as Bergson says. 

Erasmus Darwin. Erasmus Barwin, in 
this country, is worthy of honour as, not a great 
or original thinker, but a brave and useful 
follower of Buifon. It was no ordinary naturalist, 
no mere amateur, who could write such remark- 
able words as these, words which are just as sig- 
nificant for us today as when they wcix) written : 

“ When we revolve in our minds the meta- 
morphoses of animals, as from the tadpole to tho 
frog ; secondly, the changes produced by con- 
ditions of climate and of season, as in the sheep of 
warm climates being covered with hair instead 
of wool, and tfio hares and partridges of northern 
climates becoming white in winter ; when, 
further, wo observe the changes of structure 
produced by habit, as seen especially in men of 
different occupations, or the changes produced 
by artificial mutilation and pre-natal influences, 
as in the crossing of species and production of 
monsters ; fourthly, when we observe the es- 
sential unity of plan in all warm-blooded animals, 
we are led to conclude that they have been alike 
produced from a similar living filamfiit.” 

A Great Page in the History of 
Thought. In this passage, the Derby doctor 
evidently believes that there is reason in the view 
w^hich asserts that use and habit in the parent 
produce corresponding effects in tho offspring. 
This is a theory wdiich was soon to receive much 
more prominence. Meanwhile, we must be sure 
to remember tho name of Erasmus Darwin, the 
forerunner of organic evolution, so far os this 
coimtfy is concerned, and especially of his own 
illustrious grandson, Charles Darwin. Lastly, 
we should note that theories of organic evolution 
were being simultaneously put forth, not only in 
England by Eramus Darwin, and the naturalist 
Saint Hilaire in France, but by the mighty Goethe 
in Germany. These three, each from his own 
point of view, were all teaching organic evolution 
in the closing years of the eighteenth century. 
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With the utmost brevity, we are here re- 
counting the story of one of the very greatest 
pages in the history of modern thought. Only 
the work of Copernicus, Bruno, and Galileo 
regarding the place of earth and sun in the 
universe can be compared to it. And tho 
student must for ever rid himself of the popular 
error that a man called Darwin wrote an un- 
heard-of book in 1869, which shocked nearly 
everybody,, but which ultimately proved and 
explained ■” the Darwinian theory,” that men 
are descended from monkeys. 

Jean Baptiste LamarcK. The great 
forerunners w^hom wo have mentioned were not 
naturalists themselves, for tho most part. 
Kant and Bruno were philosophers, with a 
leaning towards astronomy. Erasmus Darwin 
was a doctor and Goethe was a poet. Buffon 
certainly w^as a naturalist, and a great one ; 
but it needed a greater still to make a real be- 
ginning, brood-based and deep-delved, for the 
modem science of organic evolution. The 
needed man was forthcoming in tho person of 
Jean Baptiste Lamarck, tho master of masters in 
this subject. With him begins the science of 
organic evolution. 

in Great Britain he has long been the butt of 
ignorant commentators who have never read his 
works, and, above all, of tho so-called “ neo- 
Darwinians,” who traduce the name and fame of 
Darw in by teaching a preposterous sot of doc- 
trines which their master himself expressly and 
powerfully repudiated. Indeed, in oixlor to repair 
the injustice done to Lamarck, w’o need to 
consult Darwin himself, w^hom they commonly 
represent as the great o))ponent of Lamarck and 
exposer of his absurdities. 

Darwin on LamarcK. This is what Darwin, 
who loved Truth in so rare degree that he was 
never unfair to predecessor or contemporary, 
wrote of the Frenchman, whom he calls “ this 
justly celebrateil naturalist ” : 

” He upholds tho doctrine that all species, 
including man, are descendcMl from other 
species. He first did tho eminent service of 
arousing attention to the probability of all 
change in the organic as in the inorganic world 
being the result of law, and not of miraculous 
interposition*. Lamarck seems to have been 
chiefly led to his conclusion on the gradual 
change of species by the difficulty of distinguish- 
ing species and varieties, by the almost perfect 
gradation of forms in certain groups, and. by the 
analogy of domestic productions. 

“ With respect to the means of modification, he 
attributed something to the direct action of the 
physical conditions of life, something to the 
crossing of already existing forms, and '"much 
to use and disuse — that is, to the effects of habit. 
To this latter agency he seems to attribute all the 
beautiful adaptations in Nature, such as the long 
neck of the giraffe for browsing on the branches 
of trees. But he likewise believed in a law 
of progressive development ; and as all the forms/ 
of life thus tend to progress, in order to accourjj^ 
for the existence at the present day of simp- 
productions, he maintains that such forms f 
now spontaneously generated.” 
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Wby LamarcK*s Views Were Re- 
jected. These views of Lamarck wore first stated 
by him in 1802, but more especially in his great 
work, well named the •“ Philosophie Zoologique,” 
which was published in 1800. The date is worth 
remembering, for it was that of Charles Darwin’s 
bix^, and is exactly half a century before the 
publication of Darwin’s masterpiece, “ The 
Origin of Species,” in 1859. Another half- 
century, all but two years, takes us to 1907, 
which saw the publication of “ Creative Evolu- 
tion,” by Henri Bergson, who was born in 1859, 
just as Darwin was born in the sanie year as 
Lamarck’s masterpiece. 

Now' consider the state of the mental atmo- 
sphere at these dates, and at once w^e see why 
Lamarck had no chance, in his day, of finding the 
hearing which he deserved. In 1809, notwith- 
standing the isolated voices of perhaps one great 
man in Germany, another in England, and 
another in France, the voice of orthodoxy was 
overwhelming. Men of science were not even 
inclined to question the authenticity of Genesis. 

The most authoritative and influential natural- 
ist of the age was the Frenchman Cuvier, a 
famous student of fossils and of the skeletons of 
animals. Not for a moment w'ould Cuvier listen 
to Lamarck’s ideas. For him species w'ere 
fixed ; and if the remains of other than existing 
forms of life were found in geological deposits, 
they must have been destroyed by some convul- 
sion of Nature, w hile later forms must have been 
specially created to people, later, the strata of 
the earth’s crust. 

The Gradual Recognition of Evolu- 
tion. But knowledge moves on. The geologists 
were responsible for a great development. They 
showed, above all in the person of Sir Charles 
Lyell, that the history of the earth’s crust 
had not one of catastrophes, destroying all 
life, and succeeded by periods of no change, 
which new life inhabited- The “ catastrophic ” 
geology yielded to the “ uniformitarian ” theory, 
which declared that the earth’s crust, and its 
strata, had been formed by the uniform action of 
slow but sure causes. 

‘ When this came to be accepted, a new theory 
of fossils was requiretl. Meanwhile, further study 
of living beings was showing their relation to 
each other, and to man, in n fashion which could 
admit of only one interpretation. In the course 
of the decades onward from 1809, the mental 
atmosphere changed, so that, thirty or forty 
years later, “ ideas of evolution were in the air,^’ 
and soon began to find utterance on many sides. 

We shall not understand the position of La- 
marck unless we realise w'hat changes thus oc- 
curred in the first half of the nineteenth century. 
Cuvier died in 1832, and in a few years Darwin 
was opening his notebooks for facts bearing on 
possible evolution of species, Tennyson was writing 
** In Memoriam,” wdth its definitely evolutionary 
stedeinents, and Chambers published anony- 
mously- his “ Vestiges of Creation,” which mewte 
ya immense sensation. 

The special theory of ” natural selection,” 
J>ich we must later discuss, as Darwin’s par- 
contribution to evdutionary theory. 


occurred independently also jto Alfred* Russel 
Wallace, who died in 1913, and to various other 
students of Nature before either of them. 

Of these instances the most remarkable has 
only just come to light, being a book published 
by Sleeper, in Boston, somewhere in the eighteen- 
forties, and containing the/* Darwinian theorv ” 
of natural selection, as well as an admirable 
statement of what is now so familiar as the 
germ-theory of disease. 

The Champions of Lamarck. Contrast 
this with the state of thought into which 
Lamarck introduced his “Philosophie Zoolo- 
giquo.” No wonder that not until Darwin wrote 
of him, half a century later, did his work receive 
anything like proper recognition ; nor is there 
wonder even that only in the years now before 
us will Lamarck receive, outside of France and the 
United States, where his name has long been 
rightly honoured, the place which is his as the 
veritable founder of organic evolution. It needed 
very great, independent thinkers, concerned with 
Truth, irrespective of persons (including them- 
selves), to appreciate this master mind. 

We may do well to remember that Herbert 
Spencer consistently supported tho views of 
Lamarck in this country, in a way which is only 
now beginning to be appreciated ; that Darwin was 
always and explicitly a Lamarckian; and that, 
in Germany, the famous pioneer and champion 
of Darwin, Ernst Haeckel, who is still alive, said 
of Lamarck, that to him “ will always belong the 
immortal glory of having for tho first time 
worked out the theory of descent as an in- 
dependent scientific theory of the first order, 
and as tho philosophical foundation of tho whole 
science of biology.” 

It is just possible that, in the illustrious 
company of Spencer, Darwin, and Haeckel, we 
shall be safer in honouring and loavning from 
Lamarck than in the company of those who 
have never so much as read him. His name and 
his work are here offered to the reader, as of the 
highest, with the utmost confidence, as worthy of 
his most careful remembrance, notwithstanding 
tho majority voice of secondhand biology in this 
country (and only in this country) today. If ever 
tho student of scientific thought may venture 
on prophecy, he may do so here, and say that 
the name of Lamarck will steadily gain in honour, 
and his work in followers, during the decades 
immediately before us. To him, and to him 
first, we owe the statement of theories which 
such groat evolutionists as we have named, half 
a century later, thought to be at tho root of the 
matter ; and when these theories are corrected 
and amplified by tho deepest knowledge of today, 
as Bergson and Driesch are now doing, they 
are found, more than a century later, to illustrate 
in perfection “ the survival of the fittest.” 

Criticism of Lamarck. It was just this 
idea of what Darwin called, rather unfortunately, 
“natural selection,” and what Spencor inter- 
preted as “ survival of the fittest ” — a term at 
once adopted by Darwin — it was just this that 
Lamarck missed. Today, the makers of what 
will bo the biology of tomorrow know verv well 
that this “natural selection,” as we shall see. 
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was something of a mare’s nest. But the con- 
ventional thing to say, in this country — and it is 
said by the historians of evolution, popularisers 
of science against religion, and so forth, con- 
tinually — is that the idea of evolution, advanced 
by Lamarck and the rest, could never be accepted 
until Darwin provided the great idea which 
explained how evolution had occurred. Till then, 
it would have been wrong to accept evolution, 
there being no explanation of it. Thia wa^ 
Huxley’s view, and he, far more than all other 
men put together, notably including Darwin, 
was responsible for the idea that the theory of 
natural selection made all the difference between 
evolution as a sj)eculation and evolution as a 
proven “ law of Nature.” Later we shall see 
how much or how little ” natural selection ” 
accounts for, using the knowledge and the 
thought and the n(?w ex])eriments of contem- 
porary masters, su<!h as Bergson, Driesch, and 
Bateson, each in his own distinctive^ field. 

Science Establishes the Theory of 
Evolution. Meanwhile, the student wdll 
gather from the brief historical sketch 
which this cha])ter contains that the real 
reason why evolution came to he accepted 
in the second half of the nineteenth century, 
instead of the first, was that science was 
moving on all the time, and that what was the 
daring idea of one or two men of genius at the 
dawn of the century was the only thing which 
any reasofiable and unprejudiced person could 
believe half a century later. Beyond question, 
it was the great work of D«arwin that made the 
triumph of evolution so rapid, when it appeared, 
and his services to Truth will be remembered 
as long as man endures ; but it is merely insular 
vanity to suppose that the riddle of life was a 
mystery until Darwin said ” natural selection,” 
and answered it once and for all. 

Lamarck believed that life, with its needs 
and functions, comes first, and structure second. 
What we may almost call the sub-conscious will 
of living beings is at the root of the wonderful 
structures which they dis})lay. 

Lamsirck’s Ideas Illustrated. The most 
familiar illustrations of Lamarck’s ideas are 
furnished by the neck of the giraffe, which em- 
bodies the wish and the need of the animal to 
reach the leaves of trees — a wish the results of 
which accumulate, he declared, from generation 
to generation ; the long tongue of the ant-eater, 
the result of habit and use and will, in relation 
to the animal’s diet ; the half-erect attitude of 
the apes, leading on to the erect attitude of man 
— the result of Life’s trying to get its head up, 
and amplify its horizon. Similarly Lamarck 
accounted for the structure of modern snakes, 
which he regarded — rightly, as we now know — 

the descendants of four-limbed reptiles, by 
saying that, ” having taken up the habit of 
moving along the earth and concealing them- 
selves among bushes, their bodies, owing to 
repeated efforts to elongate themselves and to 
pass through the narrow spaces, have acquired 
a considerable length out of all proportion to 
their width. Since long feet would have been 
very useless, and short feet would have been 
1783 


incapable of moving their bodies, there resulted 
a cessation and use of these parts, which has 
finally caused them totally to disappear, although 
they were originally part of the plan of organisa- 
tion in these animals.” 

The Neo-Darwinian School. Until 
the last few years, it has been the 
fashion in this country to laugh at these 
ideas — which were good enough for Darwin 
'and‘ Spencer and. Haeckel, to name none 
besides — and to say that they were merely 
fanciful speculations which had been disproved 
and, in any case, rendered superfluous by the 
theory of natural selection. The school which is 
responsible for this attitude is known as the 
” Neo-Darwinians,” and their theory is known 
as ” Neo-Darwinism.” Its influence was entirely 
dominant in Great Britain until the last five' 
or six years, ami unfortunately it held sway so 
long that it succeeded in establishing itself in the 
minds of most amateur followers of biology. 
Here it will be well for us to nunomber that 
Darwin expressly accepted, and utilised in his 
exposition of organic evolution, the theory 
which “ Neo-Darwinism ” rejects with scorn — 
that the results of habit, use, will, exercise, in 
the parent may affect the offspring. To use the 
name of Darwin as the chief prop of an argument 
w’hich ho rejected is not fair to that broad and 
fair minded man, and it is misleading. 

The Theory of *'Pangenesis*’ Rejected. 
The ” Neo-Darwinians ” had an argument for 
their name in that they reje(;ted the theory 
of ” pangcncsis,” which Darwin elaborated as a 
possible explanation of what he, like Lamarck, 
believed to happen. The word “ all-begetting ” 
means that all the body of the pare^it 
contributes to the offspring. The theory 
was that each part — say, the big biceps 
muscle of the blacksmith — must contribute 
a kind of representative or miniature replica 
of itself to tlie germ -cells. Darwin thought 
that the biceps, for instance, passed what 
he called ” gcmmules ” into the blood, by 
which they were carried to the reproductive 
organs ; and, of course, if the biceps were much 
developed by exorcise, it might be expected to 
send more gemmules, or stronger gemmulcs, than 
otherwise. A kind of ” proportional represen- 
tation ” of the various parts of the body, accord- 
ing to their development or non-development, 
could thus be conceived. 

But this theory of the origin of the gcrm-cells, 
and their relation to the rest of the body, is now 
known to be incorrect, and ” pangenesis ” has 
long been abandoned in the light of tho newer 
knowledge which we owe especially to Weis- 
mann. The Neo- Darwinians thus argued that, 
Darwin’s theory being disproved, and no other 
being conceivable (by them, they should have 
add^, but forgot), Lamarck’s theory of the 
influence of parental habit and function upon 
offspring must be false. But soon wo shall see 
how the Lamarckian doctrine may be, and has 
been, restated, in still profounder form thaij 
in 1809, by Bergson, writing in the same cit;|| 
of Paris just a century later. 

C. W.. SALEEBT^ 
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The Meaning of Salesmanship. The Duties of a Sales Manager. 

Efficiency Applied to Selling. Engaging and Controlling Travellers. 

THE ORGANISATION OF SALES 

W HEN the manufacturing department of a buBi- has made, he concentrates all his attention ana 
ness has turned out the articles for the pro- powers, and unites to them the work of other 
duction of which it exists, and they are sent away brains than his own, and builds up a great 
to the finished goods store, the first part of the organisation, ingenious in its intricacy, daring in 
work of the business is completed, but only the its boldness, elastic in its adaptability, and 
first part. The goods may be all that they should unromantic in its name, for it is called by the 
be, the materials used may bo of the best, and very prosaic title of the “ selling department.” 
the methods of manufacture may be perfect. Importance of the Selling Depart- 
But before they begin to turn over capital and ment. It is, however, the very life of every 
^ earn profits for the business they have got to great business, and whether it be in the selling 
be disposed of, and for this there must be an of ironclads or pins, of jewellery or jams, of 
efficient selling organisation. machinery or doormats, the principles involved 

In the old days of hand-made goods, when are the same. All the time the sales manager 
produotion was slow, there was probably little and his staff must bo looking out for new markets 
difficulty in selling all that could be made, for at home and abroad, and must, at the same time, 
supply often found it hard to keep up with bo trying to extend the old ones. Customers 
demand. In fact, it was this difficulty that set already on the books must not be allowed to slip 
clever men thinking, and led to the invention of away, and there must be a firm doterminiation on 

machinery for making things more quickly. the part of all to increase the number of cus- 

The spinning-jenny, the mule, the Bessemer toiners and the amount of the turnover regularly 
method of malung steel, and a thousand and one luid systematically. Only by setting such an ideal 
other machines and processes all came into being before itself can a selling department keep up to 
in this way. the standard of efficiency which it must attain to 

But nowadays, when machinery moves more if it is going to bo of the fullest service to the 

quickly than the eye can follow, when a thousand business of which it is a part, 

articles can be made in the time', that used to be Formerly it used to bo said that if a man did 
occupied in turning out a single one, when pro- not drink he could never make a good salesman, 

duction is faster and ever foster, the disposal of but nowadays a far saner view is taken of things, 

the rapidly accumulating stocks’ is a problem and probably more than 50 per cent, of the most 

that needs the very keenest brains for its successful salesmen are abstainers. ‘ Only a keen- 

solution. The old-fashioned methods of selling witted, live man who keeps himself up to dato-in 
are as useless in the disposal of goods as are the the knowledge of the time, and physically fit, can 
old hand processes in their production. hop© to hold his own in the particularly difficult 

Salesmanship a New Word. Salesman- and strenuous field of salesmanship, 
ship is practically a new word in the English Salesmen as Public Benefactors, 
language. Scarcely a dictionary, largo or small. We often speak admiringly of the men^ho 
gives it, and yet it may be said to Represent the have done much for the world — the scientists, 
very latest science, for selling has now been organ- the philanthropists, the statesmen, the engineers, 
ised on scientific lines, and some of the best brains the explorers, and so on, but, after all, it may 
in all civilised lands are engaged in this profession, almost be said that we owe more to the salesman 
Creating a Demand. The old idea was than to the distinguished men who have been 
that the law of supply and demand was an referred to ; for, no matter what the scientist 
absolute one, o''’“or wlech we had no control ; may have discovered, or the engineer have built, 
that, in some way or other, there would be a or the explorer have found in unlcnown regions 
certain definite demand for a certain article, and of the world, none of these benefits would ever 
that if* only that demand could be supplied, then have been made available for mankind at largo 
all the business that was possible along a certain were it not for the salesman, 
line would have been done. The sales manager Instances of Salesmanship. A writer 
of today laughs at any such antiquated idea, on this subject has said very truly of salesmen 
He does not deny that there is a law of supply that they ” have done more for progress and 
and demand, that goods can only bo disposcnl of civilisation than anyone imagines . 
when there is a demand for them, but ho goes They have transformed the ‘ man with the hoe’ 
farther back, and says: ‘*I must create a into the man with the self-binder. They have 
'demand 'where none exists, in order to be able given us the radiator for the fireplace, the piano 
to supply t^t demand ; or if thei’e is a demand for the dulcimer, the automobile for the push- 
'^roady existing, then I will double and treble it, cart, the typewriter for the quill pen. They 
so as to be Mt>lc to do more business.” Then, in have put more comforts into the cotta|;e than 
'order to carry out the determination which he the king used to have in his palace.” He goes 
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on to show that the demand as well as the goods 
has to bo manufactured. “ There was no demand 
for the railroad/* he says, “ and for years many 
people believed that thirty miles an hour would 
stop the circulation of the blood. There was no 
demand for the steamboat, and when Brunei 
drove the first boat by steam on the Thames ho 
became so unpopular that the London hotels 
refused to give him a room. There was no de- 
mand for the sewing-machine, and the first 
machine that Howe put on exhibition was 
smashed to pieces by a Boston mob. There was 
no demand for the telegraph, and Morse had to 
plead and beg before ten (Congresses before he 
received any attention. There was no demand 
for the air-brake, and Westinghouse was called a 
fool by every railroad expert because he asserted 
that he could stop a train with wind. There was 
no demand for gaslight, and all the candlc- 
biirners sneered at Murdock for trying to have a 
lamp without a wick. There w«as no demand for 
the reaper, and McCormick preached his gospel 
of efficient harvesting for fourteen years before 
he sold his first hundred machines. 

“No; it is not true, as learned theorists have 
said, that every grefit invention springs into life 
because it is deinjinded by the nation. It springs 
into life, and nobody wants it. It is the Ugly 
Duckling. Kverybody prefers ton cemts to it, till 
a few salesmen take it in hand, and explain it.” 

The Genius of Salesmanship. How 

many an inventor has died poor with his invention 
unknown, simply because he was so unfortunate 
as not to have the services of an efficient sales- 
man at his disposal ! We think of the inventor 
or discoverer as a genius who has conceived some 
new idea, but wc must not forget that the tnio 
salesman is just as much a genius, for while the 
inventor can often interest only a select few who 
have a knowledge of science, the salesman 
interests the multitude for its own bcn(‘fit, for 
the inventor’s benefit, and incidentally also for 
his, ^ the salesman’s, benefit. No invention, how- 
ever good, and no manuftujture, however wonder- 
ful, can be of any use to the public, or can be of 
any profit to its promoters, unless there is real, 
Jive selling force behind it. 

What Good Salesmanship is. It is 

obvious, then, that salesmanship is something 
more than the mere offering of goods for sale 
in a shop or warehouse. “ Good salesmanship,” 
someone has said, “ consists not in selling what 
a customer must have, what he is forced by 
necessity to get, what he must have gone after 
himself if it had not been brought to him. It 
consists in selling him what he did not intend to 
buy, and this is done by good display, by bringing 
the goods rightly to his notice so that he notes 
qualities he did not know they possessed.” 

Three Essentials. Three things 
are absolutely essential to successfu) salesman- 
ship : Firstly, organisation ; secondly, effici- 
ency thirdly, co-operation. Nowhere is 
oi^anisation more necessary or more complex 
than in the selling department. At the head must 
be a capable sales manager, with a wide ex- 
perience of the trade, a profound knowledge of 
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humanity, a gift for inspiring his subordinates 
with loyalty and enthusiasm, and a living faith 
in his own proposition. 

The Sales Manager’s Duties. Ho will 
either have a publicity department under his 
control, or will work in close co-operation with 
the advertising department ; for, as has already 
been explained, and cannot be emphasised too 
much, every selling scheme is an advertising 
Bcheme, and every advertising scheme is a selling 
scheme. He must have a statistical department, 
where, by means of the card index, the results 
of every scheme that is organised can be recorded 
and made traceable at a moment’s notice ; ho 
must have an adequate staff of travellers, each 
with his properly defined territory, and must be 
in close touch with these all the time — men who 
have faith in him, and in whom he has faith. 
The sales manager’s staff at headquarters, too, 
must bo adequate and competent, for there will 
be schemes to follow up closely, lagging cus- 
tomers to be spurred on, correspondence to 
handle promptly, and a thousand other details to 
be attended to. Without organisation of the most 
careful and scientific kind there can be no selling 
department in the up-to-date sense of the term. 

The Need for Efficiency. Then there 
must be efficiency in every branch of the work. 
Kfficiency is a word that has a regular dictionary 
meaning, “ productivi^ of effect, competent, 
capable.” But in business it is, like salesman- 
ship, a new word, and not only a new word, but 
a new idea. It cannot, like the dictionary meaning, 
iMi defined in a short sentence. It is the placing 
of a business organisation or department on a 
scientific basis, so that the maximum of result 
with the maximum of quality may be produced 
at the minimum of expense. Apply the 
principles of efficiency to the engine-room, and 
less coal or gas is burned, more energy is pro- 
duced, and there is less wear and tear of the 
fabric- of the machine. Apply efficiency to 
building operations, as has been done in America, 
and is now being done hero, and the movements 
necessary in laying bricks are reduced by over 
70 per cent., the output of each man increases 
correspondingly, and the cost of building is 
reduced in a way that a few years ago would . 
have been regarded as impossible. 

Efficiency Applied to Selling. Efficiency 
applied to the soiling department has just as 
remarkable results. The travellers, or salesmen, 
as they are now more generally called by up-to- 
date business houses, used to bo given a sort of 
roving commission, and sent out to sell the goods 
of their firm as best they could. Each man told 
the story that ho thought most Ificely to effect 
sales. Hq worked more or less independently of 
headquarters, and provided he sent in a reason- 
able number of orders, and these orders showed 
a moderate increase from year to year, nothing 
was said, and the man gradually became stereo- 
typed in his methods. He nursed his old favourjlte 
customers, and did little in the way of looking 
out for new business. All that has been changed. 

Selliiig Points. In the first plaoe, the 
travellers must bo told all the ” selling points ” 
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of the goods they carry and the firm they repre- 
sent. These points are not thought out in five 
minutes by one man. They are the result of the 
collective wisdom and experience of all the 
travellers, the sales manager, and his staff, with 
the help and co-operation of the manufacturing 
department, the buying department, and so on. 
The buyer can give valuable points about the 
quality of the materials used in the manufacture : 
that they are of the best quality, that they are 
pure, that they are specially prepared, that 
they come from the firm’s own mines, or quarries, 
or plantations, acoording to the character of the 
business and the goods manufactured. Then the 
manufacturing departments can give much 
useful information about the way in which the 
goods are produced : amid hygienic conditions, 
by specially trained workers, with scrupulous 
cleanliness, and so on. 

Building up the Story, With these 
points as a basis, a clever sales manager can build 
up a complete story, embodying all the reasons 
why the buyer should givo an order. The pros- 
pective customer’s xx)int of view must be carefully 
considered, for salesmanship ha» been defined 
as “ making the other follow feel as you do about 
what you have to sell.” 

Then the travellers must be encouraged to 
send in full particulars of all the complaints and 
objections with which they meet. To each of 
these there must bo some “ best answer,” and 
every objection should bo carefully considered 
by the sales managcT and the best answers to 
all possible objections discovered and tabulated. 
All this information, constituting the story of 
the goods, should be typed out or printed, and 
copies given to all the salesmen, not with a view 
to their using stereotyped phrases, but as a 
basis upon which each can build up his own 
story, adapted to the peculiar people and needs 
of his own territory. It is astonishing how 
many travellers there are who go around trying 
to sell goods, and, when questioned, show that 
they know very little about their firm, and jjracti- 
cally nothing about the conditions in which the 
goods are produced. No man can be a true 
salesman who does not know his goods thoroughly, 
and it is the duty of the sales manager to see 
that every man working under him and represent- 
ing the firm outside has a good selling story. 
There must, ho . - ever, bo no misrepresentation to 
the travellers, the trade, or the public. 

Importance of Truth. False descriptions 
of goods may result in temporary successes, but 
sooner or later the public and the trade will find 
out the truth, and then the sales will drop, and 
the sales manager will discover, too late, that he 
has lost the co^dence not only of the trade and 
the public, but of his own men. Honesty in 
salesmanship is undoubtedly the best policy. 

The Need for Enthusiasm, Then not 
onty must the salesman have a story, he must 
be enthusiastio and inspired, and to make him this 
is the duty of the sales manager. He can do 
much by fetter. There should be at least one 
letter a week going to every traveller from head- 
quarters, and these letters should contain spur 


and incentive conveyed by means of an encourag- 
ing word, if possible, or, if that is impossible 
because the man has slackened, then by a sug- 
gestion that better things are expected of him 
next week. Such phrases as “You have done 
well this week,” “ Wo congratulate you on tbo 
result of this week’s trading,” “You will be glad 
to hear that Messrs. So-and-So have sent us a 
substantial order,” “You have almost made a 
record this week,” are oftentimes as groat an 
incentive to a traveller as an increase in salary 
or a bonus cheque. 

Inspiring Confidence. The sales mana- 
ger should always convey the suggestion that he 
is taking the traveller into his confidence by 
telling him interesting items of news about head- 
quarters. “ We have begun our new offices,” 
“Wo contemplate extending out factoiy pro- 
mises,” “ Our new wing will be opened next 
month,” and so on. He should also, of course, 
let travellers know beforehand of any special 
offer being made by post to his customers, or of 
any new line that is to bo placed on the market. 
Nothing is more likely to kill the enthusiasm of 
a traveller than to find when he calls upon one of 
his customers that that customer knows more 
about the firm’s business than he himself does. 

Controlling Travellers, While doing 
everything of this kind to encourage and enthuse 
the travellers, the sales manager must at the 
same time keep a keen eye on them. He must see 
that they do not skim their territory, but work 
every part of it thoroughly ; that no preferences 
are given to certain customers to the detriment 
of others ; and that the men get the maximum 
of business from their ground. As will bo 
explained when we come to deal with the statis- 
tical department, their work as recorded week 
by week must bo most closely scanned. 

Then their expense sheets must bo examined 
and checked in relation to the ground covered 
and the business sent in, so that the cost of selling 
may bo brought down to the lowest possible 
percentage. This is one of the great problems 
of salesmanship. It is of no use merely to cut 
down expenses arbitrarily. That is not good 
managership, for the result will be, sooner or 
later, to reduce returns* A man must bo allowed 
adequate expenses for the work ho does, and 
when he is well paid according to his results he 
will not be inclined to add to his income by 
scheduling fictitious expenses which go into his 
own pocket. It is very easy, however, for a 
salesman to got into the way of taking cabs when 
he might walk or ride in a tramcar or omnibus. 
On the other hand, it is false economy for a man 
to save cighteonpence on a cab and lose a fifty- 
pound order thereby. It is essential, therefore, 
that the sales manager should bo a man who 
has himself travelled about the country a good 
deal, and knows the conditions of getting from 
place to place. He will, of course, visit his men 
on their own grounds from time to time, so as to 
study the peculiarity of each man’s territory. 

Checking Expenses in Detail. It is in 

order to check expenses that the old-fashioned 
^tem of letting a man luhip all his expenses 
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together and then render a monthly or weekly 
account, for which he receives a cheque, has been 
abolished. In its place many houses insist upon 
a daily report from each salesman, with a more 
or less detailed account of expenses, and this has 
been found not only an effective way of keeping 
down costs, but an equally effective method of 
forcing up sales. No man likes to send in a sheet 
showing expenses on one side with, little in the 
way of orders to balance them on the other side, 
and, in order that his daily report may not appear 
too one-sided or bare, many a man will put on an 
f^xtra spurt and thereby secure an order that 
would otherwise have escaped him and perhaps 
have gone to a competitor. 

Travellers* Conferences. The travellers 
mu.st be brought together from time to time in 
conference, for, good as letters may be as a regular 
means of communication, there is something 
inspiring about a gathering where men meet face 
to face and exchange confidences. Of course, a 
travellers’ conference may be a farce or an 
exceedingly valuable preparation and impetus 
to increased business. There, again, projjcr 
organisation comes in, and there should be a 
definite agenda and programme. Some of the 
largo American companies working in England 
call their London men together every week for 
an exchange of notes. 

Demonstrations of Selling. At a 

travellers’ conference demonstrations of selling 
are given by the most competent men for the 
instruction of the younger salesmen, and dis- 
cussions are encouraged. The men must be 
taught to use their voices without being fright- 
ened at the sound, and a spirit of comradeship 
and brotherliness must be fostered in order that 
there may bo mutual helpfulness. Twenty or 
thirty years ago travellers would have laughed 
at the idea of coming together in conference and 
giving one another hints on salesmanship. “ Why 
should I tell yo-and-8o how T do my work ? Not 
likely ! ” That would have been the spirit then, 
but such motives do not animate a live staff of 
falesmen today. Rather it is “ I must help the 
other fellow in order that he may help me.” 

A useful form of demonstration is to put up a 
clever salesman and against him another who 
represents a difficult customer. Then, while the 
latter raises every objection he can to buying 
the goods, the first salesman meets him at aU 
points and answers his objections. An actual 
demonstration of salesmanship in this way doea 
more to instruct younger men than volumes of 
reading and hours of lectures. 

Encouraging the Salesmen. The men 

should be encouraged to tell how they obtained 
their biggest orders, how they cover their territoiy, 
lupw they approach their customers, how they 
carry their goods, and so on. And at these con- 
ferences full minutes should be taken, and later 
on the cream extracted and manifolded or 
printed, a copy being sent to each man. 

Where the men are scattered all over the 
country, they cannot, of course, be brought 
together very often ; but once a year, at any rate, 
thi^ should all meet. At these conference^ the 
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sales manager has a splendid opportunity of 
inspiring his men. Ho should impress upon 
them that they represent the. house in their 
territory, and itp reputation stands or falls by 
their representation. No man should be allowed 
to think meanly of himself or he will make others 
think meanly of his house. 

The Philosophy of Business. There is a 
great deal of sound business philosophy that is 
very obvious when a man hears it, but, strangely 
enough, until he hears it from another, he never 
thinks of it. Few men really philosophise about 
business, with the result that they never get the 
best out of themselves or their proposition. Tlie 
sales manager must be a philosopher, and the 
knowledge he has he will imi^art to his men in 
such a way that they will be helped by it. 

Engaging Salesmen. In engaging sales- 
men the sales manager will, of course, take men 
whoso appearance at first glance prepossesses 
him in their favour. The man with a miserable 
expression may be a good fellow and he may 
make an excellent journalist or a conscientious 
civil servant, but he will certainly not make a 
successful salesman. So many people care 
guided by their first impression of men that it is 
absolutely essential for a s«al('sman to have 
a prepossessing appearance and maimcjr. The 
smiling face sells as many goods as, if not more 
than, the logical argument. 

Analysing Returns. When the salesman’s 
returns are analysed, it may be found that some 
men are down on the year’s trading, or that 
they have matle no progress. This does not 
necessarily mean that they arc not good men, 
although, of course, the analysis makes it 
imperative that there should be a close scrutiny 
of their work. It is often the case, however, 
that a man who is a failure on one territory is 
highly successful on another. The man, for 
instance, who can work the West End of London 
well would probably be a failure in Lancashire ; 
and certainly the successful Lancashire salesman 
is likely to have great difficulty in making good 
in the West End of London. All the circum- 
stances, therefore, must bo taken into considera- 
tion when going through the analysis of the 
men’s returns. If the population in a district 
is principally engaged in a certain industry, and 
that industry is for some reason working half- 
time, then the people have much less to spend, 
and trade cannot possibly be as good as it is in 
normal times. Strikes, lock-outs, depressions in 
staple industries, all influence business adversely, 
and such considerations must not be overlooked 
when criticising a salesman’s returns. 

The Necessity for a Good Lead. Of 

course, the salesmen must be given a good lead, 
and every selling department will plan out 
selling campaigns from time to time. It is not 
enough to have the goods manufactured and 
the travellers out offering them for aale. Thp 
demand must bo made just as surely as the 
goods themselves are made, and, though the 
travellers will be steadil^r at vrork all tho year 
round, the selling campaign must be used as a 
stimulant to the men, tho trade^ and, the public. 



The Organisation of a Selling Cam- 
paign. It is essential that a selling campaign 
bo very carefully organised. Everythin must 
be thought of. The salesmen must be given full 
information of what is intended, and a high 
objective must be set before them. The trade 
must be properly approached both by the men 
and by correspondence, and the public must 
be moved by advertising. At the same time as 
the trade is being worked the consumer must be 
urged to buy by the publicity department. 

Selecting the Time. First of all the time 
selected for a special offer must be w'ell chosen. 
It would be useless arranging a great scheme for 
the sale of straw hats in December, and an offer 
of heavy .overcoats would fall just as flat in July. 

Working out Details. Having settled 
the time for a special offer, the next thing is to 
work out details of the scheme. A special offer 
needs some special inducement to the trade, and 
what this is to be, whether a reduction in price, 
an exclusive offer to one shop in a town, or a 
stocking bonus, must be decided upon and set 
forth in a letter as briefly and tellingly as 
possible. The wording and get-ujj of such, a 
circular is a very important matter, for just 
as the first impression created by a salesman may 
be favourable or unfavourable, and either assist 
or projudi(;e business, so a circular will be well or 
ill received according to whether it is attractive 
or unattractive at first glance and whether the 
opening sentences make a winning appeal. 

The Follow-up. This being settled, the 
follow-up must be planned, for no up-to-date 
finn, in arranging a selling scheme, would be con- 
tent to send out just a single announcement. 
From time to time during the period the scheme 
is in operation, that part of the trade that has 
not yet responded must be written to, and here, 
again, too much care and thought cannot be 
expended upon the wording and aijpearance of 
the follow-up letters. There must be a pro- 
gressive character about the series, whether it 
consist of two, three, or more lette rs, and the 
appeal must get stronger and stronger as the 
time gets shorter and shorter. When the jjeriod 
of the offer is getting near its close, this can be 
used as an inducement to the traders to come in 
before they lo^ their chance.’ 

Using the Trade Organs. The trade 
pa^rs can be used for driving home the letters 
and circulars. The tradesman who receives a 
letter may put it aside and forget it, but he will 
remember it directly he secs an announcement 
in his trade organ. And here comes in the 
importance of having all the literature and 
letters dealing with the scheme co-ordinated in 
some way, so that the man who sees the first 
circular or letter and then receives the second, 
and also the announcement in the trade paper, 
may . unconsciously connect thase up in his 
mind. There will in this way bo a cumulative 
effect about the various methods of approach 
that vrill have a great pulling power. 

Advertising . and Sales. If the article 
beiiig sold is some household commodity, then 
the public must be ’moved Simultaneously so that 
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they may ask at the shops. This will act as a 
great incentive to the retailer, and if the ad- 
vertising that is being done is at all extensive, 
then it is worth while setting forth particulars 
in the circular to the trade, for naturally the 
retailer will be far more prepared to stock a well- 
advertised article than one which is receiving 
no particular publicity. All this information, 
with copies of circular letters and advertisements, 
will be sent to the travellers in advance, so that 
they may be fully posted as to what is going on. 

In the publicity work the sales manager will, 
of course, work in collaboration with the ad- 
vertising department, whose work and methods 
are set forth fully in another part of this book. 

Estimating the Demand. It may be said 
that it is very difficult to gauge the possible 
demand of the public for any particular line of 
goods. Half a century ago it would have been 
regarded as ridiculous to suggest that a demand 
could be anticipated with any approach to 
accuracy. There are few businesses today, 
however, which, if they are planning a selling 
campaign, do not get some idea of the demaml 
that is likely to arise. 

Manifold Duties of Sales Managers. 

Although, of course, the sales manager’s duty is 
primarily to sell the goods provided for him by 
the manufacturing department, yet, being so 
closely in contact with the trade and the public, 
his opinion should carry weight in deciding just 
how the goods shall be issued to the public ; and 
if he is, as he should be, a strong man, he will get 
his way in insisting that the character of the 
package and wrapper and so on shall be such 
that it appeals to the public for whom it is 
intended. After all, it is the selling department 
and not the manufacturing which has to get rid 
of the goods, and therefore it is essential that 
the voice of tlie sales manager should have con- 
siderable weight in this matter. 

Quite apart from the special selling campaign, 
the sales manager and his deputies will have a 
great deal of work to do in handling correspond- 
ence. Every letter, whether it bo from a sales- 
man or from a customer, nt^eds careful and 
individual handling. It is wonderful what a lot 
can be done by suggestion. A small order 
properly used by a clever sales manager can very 
often bo made a lever for obtaining an increased 
order, and that without asking directly, pro- 
viding some reason can be offered why the order 
should be extended. 

Tabulating Returns. Where a firm is 
doing a number of lines, the daily orders need 
very careful examination, and these must bo 
tabulated so that it may bo seen which lines are 
selling and which arc not. The sales manager 
will, of course, take good care to spur on his 
salesmen to push those lines which are hanging 
fire, and here again he will do it rather by 
suggestion than by direct request. If only one 
particular line is going badly, then a reminder 
to the salesmen about this line can be put at the 
end of a general letter. 

Handling Complaints. All complaints 
from customers about goods received must, of 
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course, be handled by the sales manager, and if 
there is any fault in manufacture or packing, 
then he should have the authority and power 
to take up the matter very strongely with the 
department at fault. If the general sales 
manager handles the export as well as the home 
trade — that is, if there is no special export 
manager on the staff — then, of course, the packing 
department will consult with him as to how goods 
are to bo packed ready for shipment abroad. So 
many questions arise here that the sales manager 
will have to find out from his customers or from 
a salesman on the spot their requirements, and 
pass on the particulars to the packing department. 

Dealing with Orders in Rotation. The 

execution of orders as they come in will, of 
course, be under the control of the sales manager, 
who will make out in some systematic way in- 
structions for the packing and despatch depart- 
ments. Duplicates of such instructions will be 
filed in the selling department, so that at a 
moment’s notice any customer’s order may bo 
turned up and particulars found of the quantities 
sent, the date of despatch, the route used, and so 
on. The whole story of an order must be trace- 
able right through from its receipt to the actual 
moment of despatch, and at every stage it must 
be known who is responsible. 

Samples for Salesmen. Where samples of 
the goods to bo sold can be carried, the sales 
manager must see that the travellers receive them 
early, and that they have proper bags or cases 
for carrying them on their rounds. There are 
very few people about today like the men in the 
parable who bought land and oxen without first 
seeing them, and many an order that would have 
been lost has been secured and an argument 
clinched by the sight of an attractive sample, 
suddenly displayed to emphasise what was being 
said at the moment. 

If the goods offered are perishable, then 
fresh samples must be sent at given intervals, 
or when the travellers ask for renewals. Where 
the goods are too large and heavy to carry, as in 
the case of gas-engines and motor-cars, then the 
salesmen should be provided with photographs, 
or, if possible, coloured rei^resentations ; and if the 
selling argument is some particular part of the 
machine, then there should be enlarged photo- 
graphs and explanatory diagrams showing how 
these parts work and their advantage over rival 
machines that have not these improvements. 

The World's Greatest Sale. The sales 
manager must be constantly emphasising and 
impressing upon his staff the dignity of the 
business in which ho and they are engaged. Ho 
must show them that salesmanship has now 
become one of the professions, and that though 
thh word is new and c*ven the idea as now 
practised, yet salesmanship has always existed 
in the world, and has been made use of by the 
greatest men in the greatest enterprises. For in- 
stance, it has been said that “ when Christopher 
Columbus, after fourteen years of fruitless effort, 
stood in the Court oi Spain and convinced Queen 
rsabellar that she should furnish him with ships ' 
and men to soil in an attempt to discover 
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western route to the East, he had consummated 
the greatest sale in the history of the world up to 
that time. He had 'made Queen Isabella fern as 
be did about the great idea which he had for 
sale. The hard problem with him was to get 
means for making the voyage. Any first-class 
mariner could sail a ship as well as Columbus 
could, and there were doubtless many men in the 
world who could have taken the ships across the 
ocean as well as Columbus did, but there was no 
one else who believed in the idea strongly 
enough to sell it to any one of a small list of 
prospective Royal purchasers.” The very ear- 
nestness and enthusiasm with which Columbus 
pursued his ideal should characterise every sales- 
man who believes in his own proposal. 

Circulars and Form Letters. The sales 
department will do a good deal of circularising, 
and should certainly have facilities for producing 
quantities of nicely typed form letters. These 
letters must have in them as much individuality 
as if they were actual individual letters. There 
must be selling power in each one, and it goes 
without saying that the tone must be earnest 
though bright, serious without being depressing. 
No letter should be long. The huge mistake 
that BO many firms make is to send out long 
letters of two or three pages, w'hioh no busy man 
can possibly find time to read. 

Avoiding Bad Debts. There is one point in 
connection with salesmanship that must bo 
borne in mind, and that is the importance of 
avoiding, as far as possible, bad deots. Of 
course, a certain number of honest men fail every 
year through sheer misfortune arising from un- 
foreseen circumstances, but good saTesmanship 
seeks to eliminate bad debts. This can only be 
done by exercising care in opening new accounts 
and obtaining references where necessary, or 
making confidential inquiries with regard to the 
status of a prospective customer. Long-stand- 
ing book-debts should never be allowed. 
Directly a debt is overdue the customer should 
be given clearly to understand that the account 
must be settled at once. This is, of course, a 
matter for the accounts department, but it un- 
doubtedly concerns the selling department, 
seeing that the placing of a new name on the 
books is the work of that department. 

Co-operatiori the Secret of Success. It 

will be seen, from what has been said, that co- 
operation is the keynote of success in salesman- 
ship. The buying department co-operates with 
the manufacturing department in keeping down 
the cost of goods ; the manufacturing depart- 
ment co-operates with the selling department in 
producing goods of the right kind and quality ; 
the sales manager co-operates with his staff in 
organising a selling system and a perio^cal 
campaign; and the travellers co-operate with 
headquarters^^ placing the goods all over the 
country. one link of the chain fail, and 
the whole system goes, but, given that every liidc 
bo a strong one, the chain holds and does its work 
in pulling in business that will mean prosperity 
and growth and wealth to the firm. 

CHLARLES 
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Theories Regarding Light. Coiour. Light Waves. The Speed of Light. The 
Ethereal Keyboard. Shadows. Intensity, Reflection, and Absorption of Light. 

A STUDY OF LIGHT 

T his best fashion in which wo can approach giderablo support to the wave theory of light. 

the gigantic subject of will be by a brief Acoustics was already in a comparatively 

historial retrospect of our knowledge. To this advanced state. The very simple observation 

there needs onlv the preliminary statement which that a sounding body is found to vibrato when 

would establish the parallelism between light, touched had early led men in the right direction, 

sound, and heat in respect of tho distinction that If sound, then, as no one could doubt, consisted 

must obtain between the physical and psycho- of waves, why not light also ? 

logical aspects of the subject. There is an The Battle of the Theories. Each 
objective reality corresponding to light— to what theory had its supporters, while each certainly had 

we call light. It is not in itself luminous, but its difficulties. Tho corpuscular theory of light 

ranges ovorywhere throughout the universe in seemed to be thoroughly compatible with tho fact 

utter darkness until it reaches a seeing eye. The that light moves in straight lines. The geometry 

blind man enters into sunlight ; the light is of straight lines and their relations corresponded 

there, but ho cannot see it. If we were all blind, admirably with tho geometrical facts of light 

if tho human race had happened never to develop — its reflection and refraction. Tho fact of 

the faculty of vision, wo should not find it sharp shadows also scemod to favour the 

difficult to understand the objective similarity emission theory, and to militate against the 

between waves of light, which we happen to be wave theory. 

able to see, and the waves which constitute, for The great mind of Newton had to choose 
instance, the Rdntgen rays, and which wo are between tho rivals ; but, primarily, Newton was 

unable to see. ' not a mcrc^ theorist, but a great discoverer, and 

Theories of Light. It is with the great some of his discoveries in optics tell in favour 

name of Newton that wc may begin. In his of tho one theory and somo in favour of the 

day there were two rival theories of the nature other. It was in the year 1672 that Newton 

of light — one known as the corpuscular theory, communicated to the Royal Society his great 

the other as the wave theory. The former is discovery of the compound nature of white 

also known as the emission theory or emanation light. As most people know, he darkened his 

theory, and the latter as the undulatory or vibra- room, cut a hole in tho shutter, placed a prism in 

lory theory. It was generally accepted, and, of tho path of a ray of sunlight entering, and so 

course, still is accepted and proved, that light broke it up into its component parts. He says, 

consisted in the motion of something. This “ Light itself is a heterogeneous mixture of 

could no longer be doubted when the astronomer differently refrangible rays.” Later, ho replaced 

Romer, by making observations upon the moons the hole by a slit — though it has been stated that 

of .J upiter, showed that light took time to travel he did not do so — and thus obtained a band of 

from one place to another. When this fact was colours. 

established, it became plain that men must seek The Nature of Colour. We cannot do 
for the nature of this something which moves. better than quote Newton’s own words : “1. As 
The corpuscular theory of light held that tho tho rays of light differ in degrees of refrangibility, 

sensation of light is created by a stream of tiny so they also differ in their disposition to exhibit 

particles which are sent outwards in straight (his or that particular colour. Colours are not 

linos from all luminous bodies, and which strike qualifications of light, derived from refractions, 

the eye. The wave theory declared that there or reflections of natural bodies (as ’tis generally 

is no motion of any substance through space, believed), but original and connate properties, 

but only that special form of motion which wo which in divers rays are divers. Some rays are 

call wave motion. But this supposition necessi- disposed to exhibit a red colour and no other ; 

tated the further supposition of a something in some* a yellow and no other ; some a green and no 

which the wave occurred — the something which other, and so of the rest. Nor are there only rays 

may be called tho eiher or the luminiferous — that proper and particular to the more eminent colours, 

is to say, light-bearing ether. Various other but oven to all their intermediate gradations, 

branches of physics lent their support, by way . “ 2. To the same degree of refrangibility ever 

of analogy, to one or other theory. Tho cor- belongs the same colour, and to the same colour 

puscular theory was supported by already ever belongs tho same degree of refrangibility. 

existing corpuscular theories of heat, electricity. The least refrangible rays are all disposed to 

and magnetism. (Tho reader of the course on exhibit a red colour, and those rays which .... 

chemistry will prick up his ears at hearing of exhibit a red colour are all the least refrangible ; 

this old corpuscular theory of electricity, for it go the most refrangible rays are all disposed to 

will remina him of the corpuscles negatively exhibit a deep vmlet colour, and .... those 

electrified, of which he has there read.) The which .... exhibit such a violet colour are all 

study of acoustics, on the other hand, lent con- the most refrangible.*’ 

SOURCES AND USES OF POWER, PRIME MOVERS, POWER IN THE FUTURE 
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In consequence of this pre-eminent discovery 
and others, Newton inclined towards the corpus- 
cular theory, which wo now know to be erroneous. 
The consequences forjbhe advance of optics were 
lamentable. For the authority of Newton wa« 
so tremendous that the wave theory was delayed, 
one may say, almost for centuries before it re- 
covered from his opposition. It is true that 
Newton recognised the objections to the cor- 
puscular theory, but it is the characteristic of 
the followers of a great man not to see all round 
the subject as he does, but to jump at his main 
statement and ignore the qualifications. 

The Wave Theory of Light. It was the 
great Huygens, a contemporary of Newton, who 
first paid to the wave theory of light the attention 
which was its due. Thereafter tho theory was 
taken up by the mathematicians, though it never 
made any real headway until the magnificent 
work of Dr. Thomas Young, who was led to study 
light by means of his work upon the subject of 
tho human voice for the purposes of a medical 
dissertation. This led him to study sound, and 
he records that he was overwhelmed by the 
analogy between certain of the phenomena of 
sound and those of colour. Thus he primarily 
attacked the subject not from the side of mathe- 
matics, but from that of experiment. Ho was 
led, however, to tho works of the mathematicians 
who supported the wave theory, and came to the 
reluctant conclusion that Newton’s objection 
to this theory — and especially the objection that 
no wave theory could explain the propagation of 
light in straight lines — could not really be sus- 
tained. Continuing to work at the subject, 
Young made the great discovery of tho in^cr- 
ference of light — a phenomenon which our pre- 
vious reference to it und'^r sound will make 
sufficiently intelligible for the present purpose. 
Young actually found how there are conditions 
in which the addition of light to light will cause 
darkness, and its removal will leave light. 

Once tho facts of interference were established, 
it must surely have Ix^en impossible, we would 
think, for anyone to refuse to accept the wave 
theory, even though it necessitated the assump- 
tion of a luminiferous ether. Lord Brougham, 
alike ignorant and incompetent, made a cele- 
brated attack upon Young in the “ Edinburgh 
‘ Review,” so that, as Dr. Merz says, in his ad- 
mirable account of the history of this subject. 

The doctrine of the interference of light, the 
mainstay of tho undulatory theory, was, like 
the atomic theory of Dalton, driven out of tho 
country.” 

An Extraordinary Property of Light. 

The great labours of Young could not achieve 
real progress until his work was taken up by 
the Frenchman Fresnel, who dared to support 
Young in the very place (Paris) where the 
coj^juscular theory had been so long main- 
tained and apparently strengthened. Fresnel 
took up Young’s experiments, beginning with 
the phenomena of interference and studying 
especially the coloured fringes that surround the 
shadows of small bodies placed in the way of a 
ray of light. He showed that the theory of wave 
motion, combined with the idea of interference, 
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was not only oom]^tible with the propagation 
of. light in straight lines—which chiefly led 
Newton, to yeject the true theory — but actually 
explained such propagation. For Fresnel showed 
that all the sidewards-going waves, or almost 
all of them, interfered with each other, and so 
destroyed each other. And now a new difficulty 
arose. When a ray of light passes through certain 
crystals, such as Iceland spar, it is split up into 
two — a phenomenon which is called dovhle re- 
freurtion. Under these and other conditions, such 
even as simple refraction from any surface, 
light acquires an extraordinary property which 
Newton expressed by saying that it has sides. 
It will pass through a second obstacle if that be 
held at one angle, but; not if* the second object 
be then rotated through a right angle. 

Polarised Light. Such light, by a very 
undesirable term, is said to be polarised. 
Now, this remarkable polarisation of light, 
to which we must, of course, return, would 
seem to be more or less explicable on the cor- 
puscular theory, if we imagine the corpuscles 
to have particular shapes just as crystals havel 
It might be that they wore all tilted in one 
direction or another, and thus could pass through 
some transparent body at one angle but not at 
another, just as a stout person may have to turn 
sideways to go through a turnstile. But the facts 
of polarisation could by no means be explained 
on any wave theory which asserted that light 
consists of waves of alternate condensation and 
rarefaction in the line of propagation, just as a 
wave of sound docs. We cannot imagine the 
polarisation of a wave of sound or any similar 
wave. It cannot conceivably have sides. 

Naturally, the discovery puzzled Young, and 
compelled him to admit that the balance of 
evidence almost seemed to turn against his wave 
theory. But Young was not to be beaten, and 
solved the difficulty in a similar fashion to that 
which Fresnel himself afterw'ards independently 
reached. 

The Motion of the Waves. Young 
declared that if we assume the wave motion 
of light to be not to and fro in the direction 
of its motion, but to be transverse — that is 
to say, at right angles to its lino of propa- 
gation — the facts of polarisation can be readily 
explained. The apparent sidedness of waves of 
light simply means that, under certain condi- 
tions, the transverse vibrations constituting 
light are deprived of their common character 
(which is to vibrate in all planes, up and down 
as much as from 'aide to side), and are reduc^ 
to one plane. Let us imagine that this plane is 
up and down or vertical. We can readily under- 
stand that light, the vibrations of which have 
been reduced to this one plane, will be able to 
get through a transparent object only on certain 
conditions. To take an example, a man is mainly 
vertical, and can readily pa^ through a vertical 
door. Imagine the door rotated at right angl^ 
the man will stick, the door will be opaque io 
him. But if we imagine the man multiplied by 
many men at all sorts ' angles, it is eiddeut 
that w^hatever the angle of the door, it will hot : 
be a^ totally tq exclude him. 
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Bufc to disprove the corpuscular theory of 
light, and to lay down the first foundations of the 
wave theory, was very far from completing the 
task. There, remained, and still remains, indeed, 
the all but insuperable difficulty of comprehend- 
ing the nature of the medium — the light-bearing 
ether — in which the waves of light are formed. 
To this subject, however, we need not return, 
as we dealt with it under Gravitation. 

‘The Speed of Light. A* brief discussion 
of the speed of light may legitimately be placed 
here, because the discovery that light has a speed 
at all was absolutely essential to the framing 
of the undulatory and emission theories alike. 
It used to be thought that light acted as we 
still believe gravitation to act — instantaneously. 
The fact that this is not so had to be discovered 
before any further advance in optics was possible. 
In 1676, the Danish astronomer Romcr, w'orking 
in Paris, calculated that light travels at the rate 
of over 186,000 miles per second [sec page 
007 J. It is a fact of the utmost importance that, 
as we now know, the onward speed of light is one 
and the same with the speed of other wave motions 
in the ether. 

The Keyboard of the Ether. And 

here we must dispose of a difficulty which is 
involved not at all in the physical nature of 
light, but in the physiological constitution of 
our own bodies. In the case of sound we saw 
that the air, for instance, is able to vibrate 
to and fro at a very large number of different 
rates per unit of time, out of which we can, 
so to speak, merely cut a slice, and call it sound. 
So far as wc are concerned, there are sounds which 
are too low in pitch for us to hear, and sounds 
which are too shrill. The same is true .of light. 
This perfectly elastic substance, the ether, is 
able to display transverse vibrations of many, 
or, indeed, any frequencies per second. From 
this indefinite series of vibrations we, with our 
limited eyes, cut out a slice and call it light. 
In studying sound we saw that the upper octavcj 
of a note has a frequency exactly twice as great as 
that note. Now, the eye is able to perceive, 
os light, ethereal waves of a series which just 
oorresponds to one octave. The sound we know 
has a limit of nine to eleven octaves, but the eye 
is able to pcToeive only one octavo of light. 
Above and below this there are more ethereal 
vibrations, the ex'stenco of which we can demon- 
strate indirectly, but which do not affect the 
retina, and to which, in short, we are blind, 
just exactly as if we were able to hear one octave 
picked out from the. middle of the piano and 
were stone deaf to all above and below it. 

Its **liigh Notes.’* The compass or 
gamut of the ethereal keyboard is daily being 
extended. Our knowledge of it, at present, is in 
a curiously imperfect condition ; the whole 
keyboard is there in nature, but we only know, 
so to apeak, a few notes here and a note there. 
Somewhere in what, for convenience, we may 
call the middle of the keyboard we have dis- 
covered a complete octave — the octave of light. 
At its upper limit, also, we have more recently 
discovered a few notes more which, as the l^t 
note that we can see we term violet, are distin- 


guished as ultra-violet light, or, more accurately, 
the ultra-violet rays. Then there is a great 
gap in the keyboard which wo are trying to 
reconstruct, or, rather, forswhich we are groping. 
There is somewhat dubious evidence in favour 
of the view that a few notes of this gap have 
been discovered during the past few years. 
But if we grope on still further, passing a 
doubtless complete seri(^s of notes which are 
there, though we cannot discover them, w'o reach 
a few very shrill tones, so to speak, which are 
called the Rontgen rays, and which must later 
bo discussed at length. 

Its •• Low Notes.” Similarly, if we pass 
downward from the central octave of which 
our eyes assure us, we reach, directly continuous 
w'ith the red rays — themselves endowed with no 
small heating power — a series of heat rays. 
These are of very great variety. The great 
American physicist the late Professor S. P. 
Langley devised an amazingly delicate appara- 
tus for the study of these ethereal waves, which, 
if our eyes were somewhat differently constituted, 
we should doubtless be able to see. The boh-- 
meter of Langley — an instrument^ so delicate that 
it w'ould be able to record, at the distance of a 
mile and a half, the heat radiated from a human 
face — enabled its invtmtor to demonstrate the 
existence of a long and complicated heat spcctnim 
precisely comparable to the spectrum of visible 
light. But even below this many notes have 
been picked out from the ethereal keyboard. 

We must now pass to consider certain of the 
simplest facts of light, and,, first, we may study 
that striking fact which is so characteristic of 
light, distinguishing it, apparently, from sound, 
and which Newton thought to bo incomi)atiblo 
with the theory that light is a wave motion. 

Light Moves in Straight Lines. If we 

repeat the classical experiment of Newton — 
at any rate, to the extent of piercing a hoh^ 
in a shutter — w'c find that we obtain an imago 



of the sun upon the floor. It is, indeed, an 
image of the sun and not of the hole, because 
we may vary the shape of the hole as we please, 
but will still get the same result. Everyone must 
have noticed also How, on a moonlight night 
at the seaside, one may chance to see a perfect 
image of the moon in any little pool of water that 
may have been left among the rooks. All these 
circumstances tend to favour the view that light 
moves in straight lines. 
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The Inverted Candle. Or we may 

perform a simple experiment by making a pin> 
nolc in a screen and placing this near a candle, 
the flame of which is»at the same height as the 
pin-hole. We find that the image of the 
candle is thrown upon any surface that may be 
placed on the far side of the screen ; but it 
& an inverted imago, the candle flame is upside 
down. This simpTo and startling experiment 
has an extremely simple explanation. Any 
reader can draw for himself the flame and its 
inverted imago, having them opposite one 
another and placing between them a point, 
through which the rays from every part of the 
flame have to pass. If the rays are to pass in 
straight lines the image must bo upside down. 



The second figure shows the curved course 
necessary if the imago were not to be upside 
down. The same is true of the image of the 
sun in the case of our other experiments. 

Pencils of Light. Strictly speaking, 
we cannot speak of a single ray of light, but 
must conceive of many rays forming a bundle 
or j>enciL The rays in such a pencil may be 
moving in various directions relatively to one 
another, though, of course, each is rectilinear. 
When we refer to a vciy distant source of light, 
we may conceive of the rays forming a pencil as 
parallel. It is true, of course, that the rays 
filling the pupil of the eye never can bo parallel, 
even when they come from the most distant 
star. Nevertheless, for all practical purposes, 
the rays transmitted, at any rate from a star, 
may bo regarded as forming a parallel pencil, 
and indeed, for the ordinary purposes of eye 
testing, it is possible to regard as parallel the 
rays from objects that are not very many feet 
away. On the other hand, when a pencil of 
rays has passed through a lens the light forms 
divergent pencils. With a different shape of 
lens — such as each of us possesses in his own 
eye — the divergent pencil of rays may be con- 
verted into a convergent pencil [see illustration]. 




■J’arairel Divergent Convergent 

THE COURSE OF RAYS IN A PENCIL OF UOHT 

In this latter case it is, of course, evident that 
the must meet one another at a point, and 
thie . IB known as the/ocu«. 



Kinds of Shadopra* These simple 
distinctions enable us to understand the varia- 
tions between different kinds of shadows. When 
a man makes “ rabbits,’* and so on, with his hands 
in front of a made lantern screen, sharp shadows 
are produced. The sharpness will bo absolutely 
perfect under conditions which, perhaps, can 
scarcely ever bo realised — that is to say, when 
the source of light is a luminous point and no 
more. In such a case, as light moves in 
straight lines, the placing of any object in the 
divergent pencil of light rays must necessarily 
produce an absolutely sharp shadow. There 
can be no complication. A certain number of rays 
are cut off by the obstruction and a certain num- 
ber escape. But the moment the source of light 
becomes anything other than a point, then sharp 
shadows cannot be obtained. 

The Intensity of Light. The reader 
will readily be able to guess that there is a 
simple law which determines the variations 
in the intensity of light with distance, and also 
the exact statcMnent of that law. It needs only 
to remember the law of gravitation and the 
similar facts in the case of radiant heat and 
sound. . The intensity of light varies at any 
point inversely as the square of the distance 
from the source of light. It can bo shown that 
this must be so, whether the corpuscular theory 
or the wave theory of light bo true. Various 
means have been adopted for estimating the 
intensity of light at any point. Such means are 
technically known as photometers* 

Perhaps the oldest and simplest photo- 
meter is that invented by the colebratod and 
remarkable man Count Kumford. Rumford’s 
photometer is simply, in its essence, a screen 
of white paper, in front of which is placed 
an upright stick, capable of casting a shadow. 
If two sources of light be placed beyond the stick, 
two shadows will be cast. The eye is then able 
to compare the depth of the two shadows, and it 
is found that when sources of light of various 
strength are used, the law of inverse squares is 
confirmed. This may be done by employing a 
standard source of light, such as the stanSird 
candle, which consumes 120 grains of spermaceti 
per hour. On the other hand, if we assume the 
truth of the law of inverse squares, the photo- 
meter enables us to value or appraise the illumi- 
nating power of any new source of light. 

Bunsen’s Device for Estimating In* 
tensity of Light. Bunsen’s method depends 
upon the fact that a grease-spot on a piece of 
paper looks lighter than the rest of the paper 
if we look through it at a source of light, but 
darker if the light and the eye be on the , same 
side of it. Thus the intensity of light produced 
by two rival sources of illumination, one on each 
side, is equal when the grease-spot cannot bo 
seen at all, and their value can be measure if 
their distances be compared. Very many photo- 
meters have been invented since these days, and 
those now used are very much more sensitiire j 
but it would require ' considerable space to 
describe them properly, and they introdtfoe no 
ne^ principle. 

a W. SALEEBY 
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Clays and Clay Deposits. Iron and Brick Colours. Brlck- 
maklng by Hand and Machine. Fire Clay and Fire Bricks. 

BRICKMAKING 


T he origin of the art of brickinaking dates 
back to remote ages, and is, indeed, one of 
the very oldest of the crafts. Any plastic earth 
which can be moulded and sun-dried or baked 
may be made into a brick. In all probability the 
first bricks made were only sun dried, although 
among the earliest ruins of Egypt and Chaldsea 
may be found not only the sun-dried but also 
the properly burnt bricks. Herodotus tells us 
that the walls of Babylon were built of bricks 
made from clay dug from the trenches, and 
in Mesopotamia there are enormous mounds, all 
that remains of brick-built cities. If these 
bricks be examined it will be found that the 
outer layers are usually burnt bricks, while 
those on the inner side of the walls, where they 
would not be subject to the action of water, 
were made of sun-dried bricks. Many of these 
bricks were covered with stucco to protect 
them. Of course, sun-dried bricks were much 


bricks, were soon washed away. Although in 
Egypt most of the temples were built of granite 
or similar rocks, bricks were very much used 
for many of the buildings, and there still stand 
brick P3rramids, such as that of Sakkarah. 
The Biblical stories of the Children of Israel 
forced to make bricks are well known to all. 
These bricks seem to have been sun-dried 
bricks, and were moulded from material made 
by throwing cut straw, mud, and water into a 
pit and treading until sufficiently well “ pugged.” 

Another example of the use of a mixture of 
burnt and unburnt bricks is to bo found in the 
Great Wall of China, and in Spain the sun-dried 
brick is often used at the present day. The 
Romans were probably the first to bum bricks 
in kilns, and the art seems to have been lost, at 
any rate in this country, as no trace of brick 
buildings is to be found between the time of the 
occupation of the Romans and the thirteenth 





1. JOHNSON'S PLASTIC BRICKMAKING MACHINERY: LONGITUDINAL SECTION 


more easily destroyed than those properly 
baked — indeed, we may read in ancient history 
that towns have been captured by invading 
armies who diverted a stream to run around 
the walls, which, being made of sun-dried 


century. . 

BrickmaKing Clays. The clays or brick 
earths vary in nature according as they 
have been deposited by rivers, lakes, or seas. 

Where deposited by 
rivers or lakes (fiuvia- 
tile or Incmtrinc)^ they 
form only small de- 
posits, varying very 
much in character 
in different localities. 

Take, for 
instance, 
br ic k - 
fields in 
any part 
of Surrey 
or Kent. 
Two samples from a 
bod will very seldom 
analyse alike ; the 
composition will vary 
at every inch, and so 
will the size and 
shape of the beds. 
One deposit may be 
only a few feet deep 
and, if followed for 
a short dis- 
- tance, will 
. tail off and 

disappear ; 
while an- 
other, which 


is scarcely noticeable, will broaden out into a deep 
bed. Tlie Reading brick clay area is an example of 
lacustrine deposit. The mi^ne deposits are notable 
for their groat depths and uniformity, brought 
about by the uniform and regular action of the sea. 


INCLUDING CARPENTRY, WOOD WORKING, PLUMBING, AND CABINET-MAKING 
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The big clay deposit in the Mid- 
lands known as the Oxford clay, 
and so much used for bricks in 
the neighbourhood of Peterborough, 
is a marine deposit. Analyses of the 
clay, taken at varying aepths, all 
show much the same figures, and 
the extension of this deposit, which 
crops up again in France, scarcely 
vanes from that dug in England. 

It will be readily understood that 
the marine clays arc treated for 
brickmaking on quite different lines 
from the South of England clays, 
which are of fluviatile or lacustrine 
origin — f.c., deposited by the agency 
of rivers or lakes. In the former case, 
powerful plant and big machinery 
are employed. The clay varies so 
little that it may bo taken out for 
brickmaking with the certainty that, 
once having secured the right con- 
ditions, it will always give the same 
excellent results. On this other hand, 
in the South of England small hand 
machinery is better adapted to work 
the deposits, which have to be dug 
and carefully mixed, so as to get 
the desirable consistency. 

Clasaification of Clays. Clays 
can be roughly classified into plastic, 
or strong clays, loams, or mild clays, 
and marles, or calcareous clays. 

In the first class, among the 
plastic, or strong clays, we may put 
the purer clays, although the purest of them 
all, kaolin, or. china clay, is never so plastic 
as some of the others. The Oxford clay 
belongs to this type. It has, however, some 
disadvantages, as it contains much sulphur, in 
the form of iron pyrites. 

In the course of burning the bricks, sulphur- 
ous fumes are given off in large quantity, and 
tend to bring about the formation of sulphuric 
acid. This has a tendency to weather out of the 
brick, causing the latter to go to pieces. The 
corrosive action of the sulphurous fumes is very 
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noticeable in its offe^ on the chimney stacks 
which create the draught in the kilns, 
acid attacks the mortar between the bricks, and 
in the Peterborough district the stacks are 
constantly under repair. We examined some 
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bricks from within twenty foot of the top of a 
stack ; they were intact, although the mortar 
was reduced to slime. 

The strong class of clays arc often improved 
by judicious admixture with other substances. 
Generally speaking, brickmaking clays are 
composed of other materials in addition to the 
silicate of alumina, or true clay substance. 
They contain oxides and phosphates of iron, 
and occasionally organic matter, iron pyrites, 
etc. The organic matter is the residue of the 

f mtrefaction of extinct vegetable and animal 
ife. 

Loams contain, besides the clay proper, an 
admixture of sand, while the marles contain 
calcium carbonate, or chalk. 

These two latter clays are more comiSonly 
met with in the South of England, oftsn thin 
layers of sand and clay occurring alternately 
with admixtures of the two. 

YelloWf Red, and Blue Bricks. In 
many cases the colour of a brick affects the 
selling price more than anything 
else — especially where a brick is 
required for facing — witb the 
result that colour often takes 
precedence to soundness. 

Now. the whole range of colour 
in bricks is due almost entirely to iron, in. 
some form or other. If a clay, consisting of 
more or less pure silicate of alumina, contains 
1 per cent, or less of iron, the burnt brick will 
be white. As the proportion of iron inoreasos, 
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the colour will pass froD^yellow to orange, and 
then to red. With 5 or u per cent, of oxide of 
iron, a good deep red will be obtained. With 
larger proportions of iron, the colour is still 
deeper. 

The colour is also better developed by stronger 
firing. If the brick will stand it, and there be 
enough iron, the colour of the brick will pass 
from red to blue, and even to brown or black. 
The StafiFordshire blue bricks, so much used for 
engineering workr are well-known examples of 
the case in point. 

Manganese, a metal allied to iron, also ailects 
the colour of the brick, producing a brown shade, 
but the proportion of manganese in the clay is 
so small that it can usually be left out of account. 

Modification of Colour. The colour is 
also much modified by the presence of carbo- 
nates of lime and magnesia, and the condition in 
which the iron itself is present will also affect the 
colour, so that a knowledge of the percentage 
of iron in a samplo of clay will not indicate 
accurately what colour the burnt brick will bo. 

A reference to the course on Chemisiry will 
show that iron, in the chemical sense, may be in 
either the ferrous, or the ferric state. It is in 
the latter form that it colours tlie brick. 

The most important factors which affect the 
colour of a brick have been summed up by 
the German chemist Seger, who made a life 
study of clays and their use in making bricks 
and porcelain. 

They are 

1. Quantity of — 7-*- 1 

oxide of iron. ^ 

2. Other consti- 

tuonts accompany- \ \ 

ing the iron. xXu \ 

3. The cbmposi- \ 

tion of the fire /\\ \\\\ 


to orange, and 
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5. SEMI -DRY OR DRY TRESS 
BRICKMAKINO PLANT 


4. The degree of “ vitrification.” 

5. Temperature at which they are 
burnt. 

The' presence of carbonate of lime 
bUxu^ta the colour of bricks, and they burn to 
a yellow tone, as, for Instance, in the case of 
the well-known London hiUtchB, Three per cent, 
of chalk will neutralise 1 per cent, of iron, and 
give a ydDow instead of a red brick. 


\ i A ' : ' PLAN AND ELEVATION 

^\i'L /.. A.} OF Johnson’s “stiff 

LZJ ^ PLASTIC ’ ’ BBTCKMAKTKO 


Some fire gases spoil the colour of the brick, 
by producing an uneven, mottled appearance. 
This is duo to the gases containing sulphur 
dioxide, carbon monoxide, and other reducing 
substances, which convert the ferric iron to 
ferrous on the surface. 

Clays with Calcium Carbonate. 

Before leaving the subject of tbe composition of 
brick clays, we must say something 
more about the effect produced by 

a \ calcium carbonate on bricks made 
^ from brick earths which contain it. 

‘ often bo found stated that 

f'he clays which effervesce strongly 
acids arc unsuitable for brick- 
/'/ \'\ making. This is not always the 

l\U i|) tJ ;Y case ; at all events, if 

77-7^ the calcium carbon- 
: ate is finely divided 

y/-'- and distributed uni- 

/ formly throughout the 
mass. Lumps, or nodules, 
of limestone are un- 
^ doubtedly harmful. As 
the calcium carbonate 
^ lowers the melting point 
If of the clay, it promotes 
the slight amount of 
vitrification or fusion Becessary in making a 
sound brick. Twenty-fiV'e per cent, of calcium 
carbonate may be alloWea if the brick bo 
well burnt. Such clays can be woiked into 
a bar for hand brickmtfking, with 20 to 
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24 per cent, of wftter reckoned on the 
iveight of dry substance, -whereas the strong 
clays, free from lime, require 25 to 30 per cent, 
of watei^^ These points have to be taken into 
consideration when working the clay in the pug 
mill. In the process of burning, calcareous clays 
give off carbon dioxide, which modifies the struc- 
ture or nature of the brick to a considerable 
extent, as the escaping gas leaves the brick full of 
tiny holes, and makes it more porous. In many 
cases, such a brick will stand the weather much’ 
better than a dense, smooth brick. Water 
which may i>ermeate into the interstices will in 
cold weather do little harm when it expands on 
freezing [see Physics], while with a close, hard 
brick there are still innumerable minute cracks 
and fissures which alisorb water readily, so that 
when a frost comes the ater freezes and rapidly 
disintegrates the brick. 

Iiand«made Bricks. This is carried on 
mostly in the 8outh of England, and is suited lo 
the small deposits of vary- 
ing composition. 

Clays are first dug and, if 
too strong, are mixed with 
the right pioportion of sand 
or poorer clays by heaping 
them in layers one on the 
top of the other. When 
carted away to bo worked 
up, the men arc careful to 
dig through all the layers, 
and cart away tlio different 
ingredients in the right pro- 
portions. If the clay contain 
Hints, chalk, or pieces of 
rock, it has to be washed. 

F'or this purpose, it was 
formerly the custom to dig 
a hole 3 ft. deep, termed r 
wash back., or pan. The clay 
Has washed out of the mass 
into this pan, wilh sufficient 
watei, and left to itself long 
enough to allow the clay to 
settle. The water was drained 
off, and the material dug out. 

Nowadays modem mills are 
provided with washing pans having the form 
of a circular trough. Revolving arms are 
fixed to a vertical staff in the middle of the 
trough, and carry harrow.s suspended l)y chains. 
When they are driven round, the harrows 
churn up the mass of water and clay, whicli is 
run off, leaving the deposit of stones, unbroken 
lumps, etc.,^ on the bottom. The general 
principle, however, is exactly the same as in 
the old-fashioned pits. [See also Cement.] 

Weathering and Tempering. Before 
the clay is mixed with water, or tempered, os it 
i|^ termed, it is allowed to weather, by exposing 
it to the air. This weathering is of the utmost 
importance where hand-made bricks are manu- 
factu^d, and where the machinery is not 
sufficiently powerful to break down lumps of 
hard rock into which water will not penetrate. 
Frosty weather is best suited for weathering, 
owing to the small quantities of water whicm 

1802 



6. SEMI-I’LASTIC BRICKMAKINO PRESS 


permeate the crevices, expanding and splitting 
the stone when frozen. The weathered clay 
is carted to the pug mill, where it is mixed 
with the right quantity of water and ground 
to a uniform pasty mass, or plugged. 

The old pug miUs consisted of pits sunk into 
the ground in which the clay was stirred up by a 
revolving arm worked by a sleepy old horse. 
In a modern pug mill, the motive power is 
derived from an engine. The mill consists of a 
large pan in which revolves a vertical shaft, 
fitted with two horizontal knives. In the 
bottom of the pan is an opening for letting out 
the pugged clay, and there is a scraper at the 
bottom of the shaft for emptying. 

When the clay is sufficiently pugged, it is ready 
for moulding. This used to be done in hand 
moulds of iron or wood, but modern machines 
have largely taken the place of such primitive 
})lant [see 11]. However, owing to the cost of 
tram-.porting bricks, and the fact that in the 
St)uth of England small 
quantities of suitable clay 
crop up in nume?'0U8 parts 
where the installation of ex- 
pensive machinery would 
not pay, large quantities of 
crude, hand-made bricks are 
still produced. 

Wire-cut Bricks. In 
modern plants the clay is 
fed between powerful steel 
rollers, plac'ed directly over 
the pug mill, which Is often 
arranged horizontally. 

The plant in the illustra- 
tions 1 1, 2, and 3] lor working 
on this system is constructed 
by Messrs. Wni. Johnson & 
Sons, of J.i(»eds. On the 
extreme right-hand side 
may be seen one of the 
trolh'^^sin whioli the clay is 
brought up from the pit. It 
runs on rails which sloj)e 
down to that part of the 
pit where the clay is being 
worked. When the trolley 
is full, it is drawn up by an endless chain, 
passing round a pulley, seen on the right- 
hand side of the drawing. The chiy is tipped, 
generally by an automatic arrangement, into 
the pan, of a type of edge runner, termed 
a tempering pan. The pan is made to revolve 
by suitable cogs, and the clay is ground by the 
heavy rollers seen on the upper floor in 2, 
where the plant is shown in transverse 
section. The clay passes through small holes 
in the bottom of the pan, and is delivered to the 
rollers shown on the ground floor, which crush all 
stones, and the clay passes thence into the pug 
mill, where it is formed into a column or bar by 
the expression rollers, liie bar is delivered on to 
a table, on which is a frame provided with a 
number of vertical steel wires, which can be 
moved horizontally by means of a lever. By 
this means the wires are driven through the bar 
of clay, cutting it up into separate bricks, 
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exactly as in a soap-outting frame» or when 
a grocer cuts cheese with a wire. The cutting 
table is seen diagrammatically on the right- 
{land side of 3; on the left-hand side are the 
mixer and crushing rolls. 

Another System. Another arrangement, 
clue to Messrs. Whittaker & Co., Ltd., for the 
j)roduction of wire-cut bricks is worked on the 
following system. 

The clay is delivered into the grinding mill. 
This consists of two 
heavy steel rollers rest- 
ing on a pan, the bottom 

of which is made up in 4- , 

sections consisting of 

steel plates provided ll-J- 

with small perforations 7. Robinson's ai 

up to J in. in diameter, 

and the whole pan revolves, being actuated by 
the cogwheel above. This plant is similar in 
construction to Messrs. Johnson’s plant as 
shown in the figures. 

The clay is effectively ground, and when small 
enough passes through the holes into the plate 
and collects in a pit, from whence it is carried up 
by the elevator to a screen This consists of a 
sloping box with a bottom composed of a number 
of piano wires 
stretched length- 

ways. T>e clay U U f 

which passes be- J L. 

tween the wires I 

is conducted into | 
the nlKxer, while | 
the tailings^ or I 

larger unreduced Ej": — ;; ^ T 

lumps, pass over h i l niJ iii 

and are returned 8 . Robinson’s hot-air ci; 
into the grinding 

inill. In the mixer the water is added, and 
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8. Robinson’s hot-air chamber for drying bricks 


down again into the pit to be filled afresh. The 
worsen dig at the side or bottom of the pit, and 
occasionally loosen the clay by firing small 
quantities of gunpowder at the bottoM of bore 
holes. ^ 

As the pit is enlarged, care must be taken to 
remove the earth and soil round the top, so that 
it does not fall in and contaminate the* clay. A 
good deal of trouble is sometimes experienced by 
the entrance of water, which must be pumped 
out when necessary. In- 
deed, it is almost im- 
,,, i-.il 1 JPnBM possible to continuo 
working during very wet 

The clay is first taken 
heater and fan to the grinding mill 

[see 4 ], a little water 
being sometimes added to it. The construction 
of the grinding mill has already been described. 
Tlie clay is worked so dry that it falls to 
powder in the hand. As before, it falls through 
the perforated pan of the grinding mill 
and is carried up by an elevator, whence it 
passes through the piano wire screens, and thence 
to the press. The clay is fed into the mould of 
the brickmaking machine proper, where it is 

kept hot by 
steam. The clay, 
in a semi - dry 
condition, is sub- 
I jected by power- 

£ ,r ful levers to a 

I pressure of sove- 

^ I ral tons. A 

brickmaking 

.11. 1 li— pj^gg is shown 

«BER FOR DRYING BRICKS in 6. 

All sorts of 

waste materials can bo used for making bricks. 


the clay worked up to a plastic moss. The such as stone chippings, clinker, slate refuse, 

mass is delivered into the pug mill, where, after blast furnace slag, or sand, reduced to a suitably 

treatment, it is thrust out on to the cutting fine powder by powerful machinery, and bonded 

table, and divided into bricks aa already ex- with lime or cement. 

plained. The green bricks by this process have The compressed brick is automatically de- 
to be dried before they can be put into the kiln. livered to a table. Sometimes as much as 80 tons 

Where possible, this is got over by working the pressure is put on the brick, and, although the 

clay semi-dry [5], or by the so-called semi- material was quite powdery as fed into the 

prcwss, it is now compressed 
into a solid brick ffi]* which 
holds together suificiently to 
bo handled, and can be put 
direct into the kiln without 
previous drying ; whereas 
bricks prepar^^d by the plastio 
process require to be dried 

— Ifforo they o4 be put into 

where the bricks are made, 9. double -chamber system of the kiln, 
and a number of narrow- brick drying BHcK Drying. This 

gauged trolley fines run drying process used always 

down to the bottom of the pit or clay hole. to be carried out in the air, the bricks 

The tvba or small waggons into which the being piled upon each other in rows, in such 

olay is loaded at the bottom of the pit arc a way as to be exposed to the air as much 

'hauled up by endless chains worked by a pulley as possible, and covered with a screen or roof 

connected with the main shafting. When to keep off the direct heat of the sun. If fully 

they arrive at the top of the gradient, the clay exposed to the sun they wopid dry too rapidly, 

is tipp^ out by an automatic arrangement, and would almost certainly crack. There is a 

As i^t as the waggons are emptiedt they are run tendency, however^ to replace drying in the 


plastic [4] process. 

Machine»moulded 
Bricks. The pits from 
which the clay is dug are 
often very extensive — huge 
excavations in the earth, 
sometimes 200 ft. deep. The 
pit slants gently downwards 

4'1>a Lilian 
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open by special drying-rooms, ono form of 
[which, constructed by E. Robinson, we may now 
describe. 

In th% heater [7], the main feature is the 
spiral dtmphragm. Steam is admitted inside 
the parallel system of tubes, and the wind, 
driven in by the fan, circulates through them, 
and traVbls about four times the outside length 
of the cylinders. The effect of this is to give 
a very high efficiency, and a large volume of 
air can thus be heated to 250° F., or higher, if 
required. Either live or exhaust steam can 
be used. If the former, a steam trap is con- 
nccU^d, so that only the steam actually con- 
densed is used. 

A medium -sized heater of tliis kind is about 
12 feet long by 2 ft. in diameter, and its air 


between them. The fan, not shown here, 
wou!d be fixed at A [8]. It is represented as 
viewed from one side. Prom either side of the 
heater there is a branch pipe which is carried 
along the centre of each room. Thus the 
heater has a Bei>arate blast connection into both 
rooms, and by means of a blast gate on each 
side the current of wind may be entirely shut 
off from ono room and the whole of it turned 
into the other room. This construction has 
the advantage that one heater and fan serves 
for two rooms, one of which can bo cooled down, 
cleared and refilled, whilst the drying process 
is going on in the other room. 

in one of the rooms [9], a double tier of bricks 
is seen stacked. The upper tier rests upon 
shclve.s of open latticed woodwork. These are 



10. OSMAN’S modification of this HOFFMANN KILN 
A. Loiiifitudiiial elevation and section, H. Kiid elevation, C. Plan, D. Transveric section 


inlet and outlet are attached to suit any desired 
position. Here it is placed under a floor, as 
illustrated in 8 and 9. 

For drying bricks in a long, narrow room, 
as in 8, a trunk blast-pipe is carried from the 
heater along the centre, under the floor. This 
pipe is provided with a series of orifices, so 
proportioned as to disperse a blast of wind 
uniformly throughout the whole length of the 
bt|ilding. \ board of triangular a hape is arranged 
over the discharging orifices, as seen in 9, and 
the arrows indicate the way in which the blast 
is dispersed. 

Use of Double Chamber. It will bo 
seen that in the arrangement illustrated in 9 
a p^ir of rooms are built side by side, 
with a heater standing under the partition 


readily removed and replaced for clearing or 
stacking. At B are slumm steam -pipes for 
supplementary heating. 

This system of drying applies to wiro-cut 
and such bricks as are handled in the way 
indicated. It will be understood, however, 
that this apparatus is equally adapted for 
what is known as the progressive, or ABC 
mode of working, where the bricks are stacked 
on cars and run into the dryet on rails. In 
the Iflrtter case it is necessary to excavate P ' 
ground, putting all heating appliances belo 
and leaving a level surface for the car track.^^/^ ; 
is generally necessaiy to supplement 
system of brick-drying with sa»a.e.- steam- pipes 
under the floor. These, shown at B m 9 
As a rule motive poyrer for driving the fan is 





only available in the day time, and it is necessary 
to maintain some heat. The two independent 
systems are very convenient for utilising exhaust 
steam, 'and when this is turned into Uio pipes, 
very little live steam in the blast heater will be 
sufficient to ensure drying as rapidly as most 
clays will stand without cracking. By running 
the fan only during the day, and by allowing 
the room to cool down at night, bricks of the 
most delicate clay can bo rapidly dried without 
cracking. 

The Sturtevant System. Under ordi- 
nary circumstances, a good deal of heat 
must be loft in the kiln gases in order to produce 
sufficient draught in the chimney. This is 
economised by the Sturtevant systcjm, which 
draws these hot gases through drying chambers 
or tunnels in which the bricks are placed. The 
induced draught is produced by means of a fan. 
So constructed, there is no need to build a 
chimney stack, as the fan creates the necessary 
draught and has the advantage of being easily 
regulated. The method is arranged to suit the 
type of brick. If the latter are very soft they 
will dry on the floor of the chambers, but it is 
usually preferable to place them on the shelves 
of trucks which are run into the , 
tunnels, the hot air passing 
through lengthways. Some bricks 
require drying very slowly, while 
with others the drying may be 
forced. 

BricK Burning. The old 

method of burning bricks in 
stacks in tlio open without any 
proper kiln, is still largely prac- 
tised, especially where, in order , 
to meet local requirements, 
building operations are pro- 
ceeding on the spot, and the . 
clay deposit is only a small one. 11. hand-b 
Tile green or unburnt bricks will 
usually be those made by hand They are 
built up into a stack, or pile, with layers of fine 
coal between layers of bricks, A hole is loft 
near the bottom for tiring, and spaces are left 
to form air-holes and produce the necessary 
draught. As many as 50,000 bricks can be 
lurnt in one operation. The heaps should be 
protected from prevalent winds by luting the 
crevices with clay or placing hurdles thatched 
with straw agpinst the sidjs. 

' The burning takes several days, and the hot 
gases axxd flames find tlieir way through the 
crevices and air-holes, eventually escaping at 
the top of the heap. As might be expected in 
such a primitive arrangement, many of the 
bricks are very unevenly burnt. The temperature 
on the inside is muoh higher than necessary, 
and there bricks are sometimes over- burnt ; 

‘ while on the outside they are not sufficiently 
heated and are under-burnt. 

puming in kilns is an improvement upon this 
method. The first kilns 'were of simple con- 
struction, and intermittent in their action — 
that is to say, when the bricks were burnt the 
kiln was allowed to cool down, the burnt bricks 
drawn and replaced by fresh green bricks. As 
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the kiln could not be entered until it had cooled 
down, most of the heat given off by the cooling 
bricks was lost. 

Modem kilns are built on the continuous 
principle — that is to say, the heat given off 
during burning and cooling servos to drive out 
moisture and give the preliminary heating to the 
green bricks. The original continuous kiln 
was invented by Hoffmann, and the first kiln 
in this country is said to have been erected at 
Round wood Brick Works, near Wakefield, 
where it is still in use. A modern form of this 
kiln, as modified by Osman, is shown in the 
diagram [10]. 

The Modern Kiln. In principle it 
consists of an oval framework, roofed in and 
divided by a centre partition, forming a con- 
tinuous tunnel, separated into chambers, usually 
seven or eight on each side, in which the briclu 
are burnt. The fire travels continuously round 
these tunnels, and when the heat is at a maxi- 
mum in, say, chamber 2, the opposite chamber, 
9, will be cold. The heat produced in chamber 
2, passing on through chambers 3 and 4, etc., 
heats these in turn ; and when the fire has 
travelled round sufficiently far, chamber 2 will 
have cooled sufficiently for the 
burnt bricks to bo taken out and 
replaced by green ones. 

The draught is produced by 
j the chimney, but the escaping 
•' gases have given up most of 
j their heat in drying and burning 
\ the bricks, so that they have 
; cooled to a temperature of 160 
! to 200° F. before they reach the 
chimney. The great economy 
etfocted will bo evident, as none 
of the heat is lost, and only 
enough left in the escaping gases 
HAND-BBICK MACHINE to pioduce the nccessary draught. 

The fuel is fed into the kiln 
through small holes, termed feeding holes, 
situated in the arcJied roof. These are seen 
at /, to fr, [10], C and D. 

The fine coal, or slack, usi^ drops down 
spaces or pockets left in the bricks as stacked 
in the chamber underneath. Care is also taken 
to pile the bricks with spaces between them, 
so as to allow for the necessary draught ; and 
they arc usually arranged in blades, or loosely built 
walls, about 1 in. apart, with spaces about 2 in. 
wide, termed traces, running longitudinally, to 
take the draught through the bricks.^ 

The Osman Kiln. The Osman kiln 
shown [10] consists of fourteen chambers. Each 
chamber has a doorway (A), teixned a wicket, 
through which the bricks are taken when setting 
or drawing. Each chamber is also provided with 
what is termed a damper-opening (B), which 
conveys the draught through the chamber to 
the main flue (C), running round the kiln under 
the outside wall, and connected with the chimney. 
The walls separating the chambers are often 
temporary, and contain holes corresponding 
to the traces. As the heat of the chambers is 
drawn forward it passes through these openings 
into the next chamber. 
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Supposing that fire is burning, say, in chamber 

chambers 2, 3, 4, and 5 may be nlled with the 
green bricks. The dampers correspondinc to 
these chambers will bo dosed, while 5 will be 
open, so that the hot gases from 1, passing 
through 2, 3, 4, and 6, reach the chimney 
through the flue (C). To prevent cold air in 
6 chamber rushing back and chocking the 
draught at 5 damper, the trace-hole openings 
in the drop wall of 6 are blocked up by 
pasting paper over them. This paper will 
gradually bum away when the heat is suffi- 
ciently far advanced. When this happens, the 
damper of 5 is closed and that of G opened. 
1’he holes in the wall between 6 and 7 are 
pasted up as before. In this way the heat 
gradually advances through the chambers ; those 
in front being continuously filled up with fresh 
green bricks, while those behind are emptied 
of burnt bricks as soon as they are cool enough. 
There is an outlet (0) from each chamber, so 
that the steam gradually driven off from the 
green bricks is taken from the chamber at the 
top and drawn into the main flue and away 
to the chimney. This steam, if allowed to pass 
through the chambers ahead, would condense 
on the green bricks, causing them to soften and 
crush, and would also affect the colour of the 
brick. It is necessary to draw off this moisture 
slowly and gently, so as not to crack the green 
bricks ; and to effect this the waste heat 
through the cooling chambers is drawn upwards 
through the outlet H, and along a branch flue 
which joins the central hot air flue at J. Tho 
heated air is thence carried down into tho 
chambers at K, containing green bricks, in 
advance of those actually burnt. The moisture 
driven off loaves at the point G, reaching tho 
main flue C. When tho bricks are taken out 
they are ready for use. 

Fire-clays and Fire-bricks. Such 
bricks fuse at a very high temperature, and are 
prepared from special heat-resisting clays. 
They will stand temperatures at which ordinary 
bricks would melt and flow like water. Many 
natural clays are found suitable for their manu- 
facture. They usually consist of silica and 
alumina, but contain very little iron, lime, or 
alkalies, as the presence of all these substances 
tends to lower the melting point of the brick. 

Many natural fire-clays are worked for making 
this class of brick. Such clays are obtained 
from Dowlais, Stourbridge, and other places. 

J)ina3 tificha, made from dinas clay found in 
Wales, consist almost entirely of silica, and 
artificial bricks have been prepared on the 
same linos by mixing silica with about 1 per 
cent, of lime. Ganister, a fire-brick of a 
highly refractory nature, is used for lining 
furnaces. 

Much of the fire-clay used in this country comes 
frdm Stourbridge, but excellent material is also 
obt<ained from Northumberland, Lancashire, 
Warwickshire, and South Wales. 

Many fire-clays are found underlying coal 


scams, and are hence frequently termed under clay, 
Tliey are usually of dark greenish-grey colour, and 
of dense consistency. 'Diey are generally mined 
in the same manner as coal. I^on brought to 
the surface, the clay is spread in even layers, and 
allowed to remain several months, that it may 
become thoroughly “ weathered,” after which it 
is taken to a wash mill and worked until tho mass 
attains a regular consistency. It is run out into 
settling backs, and when the water has evapo- 
rated, the mass is cut up and moulded. 

To give an idea of tho chemical composition 
of fire clays, we append tho following analysis of 
Stourbridge clay : 


Alumina ,. .. .. .. 22*20 

Mdgnesia.. .. .. *18 

Lime . . . , . . . , *14 

Oxido of iron .. .. .. 1*92 

Potasb .. .. *18 

Phosphoric acid.. .. *06 

Water .. .. .. ,, 9*28 

Organic matter .. .. *68 


99*64 

Good fire-bricks may be made from the refuse 
of china clay and quartz sand. Such bricks 
will consist almost entirely of silica and alumina, 
with not much more than 2 per cent, of other 
in^redhmts. 

How to Measure Temperature of 
the Kiln. It is often of considerable import- 
ance, and of great practical interest, to measure 
the temperatures of the brick kiln, so as to 
secure even and regular firing — a great desider- 
atum in practical working. The temperature of 
tho kiln is so high that it is not possible to 
measure it by ordinary thermometers, and 
there are a number of special devices which are 
employed for this purpose. Among these, some 
of the most sensitive and accurate are constructed 
to work electrically. Many of them depend on 
the resistance n wire offers to electric current, as 
tho higher the temperature tho greater the 
resistance ; but for l)ri(;kmaking and allied 
industries simpler contrivances are often used, 
as. for instance, the Seger cone, which depends 
for its action on the expansion of a piece of fire- 
brick when it gets heated in thcj kiln. 

Another appliance is the Watkin Heat 
Recorder. It is simply a block of very refrac- 
tory ware, with five recesses or shallow cavities 
sunk into its top face, in which are placed small 
pellets of varying fusibility, and of definite' 
composition and melting points. Tlie actual 
temperature expressed in degrees on the Centi- 
grade and Fahrenheit scales is given in the tables 
used with the recorders. 

They arc provided with a special wrapper, 
which serves to retain the loose pellets in their 
places, and which is not removed before firing, 
as it readily bums away. After firing, it does 
not matter if tho loose pellets drop out, as those 
pieces which fuse will always remain attached to 
the recorders^ and from these the temperatures 
are road. 
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The Principal Characteristics of Mammals. The Modification 
of their Functional Organs to Environment. Classification. 

MAMMALS AND THEIR FOOD 


I N the last chapter we briefly reviewed the 
twelve great groups or phyla of the animal 
kingdom. In the following pages we must 
examine each group in more detail. The back- 
boned animals form the first group, and they aro 
subdivided into six elasses : 1, Mammals {Mam- 

7 nali(i) ; 2, Birds {Avea) ; 3, Reptiles {Repiilia ) ; 
4, Amphibians {Amphibia) ; .5, Fishes {Pisces) ; 
6, Border vertebrates {Proiochordaf^). 

Mammals. Mammals include all the familiar 
warm-blooded quadrupeds, together witli certain 
specialised aquatic forms — e.g., whales, which 
arc popularly, but erroneously, regarded as fishes. 
All mammals breathe ordinary air by means of 
lungs, and never at any time possess gills. They 
are more or less clothed with hair, and their 
young are nourished for some time upon milk. 
There are fourteen orders, which are set out in 
their zoological classification on page 1812. 

In the earlier part of the Tertiary epoch [see 
Geology] extensive tracts of marshy ground 
covered considerable areas in the land -masses 
occupying the northern hemisphere, and here 
<lwelt a large number of primitive mammab, 
the ancestors of forms which aro now more 
highly specialised. These creatures wore not of 
large size, and they lived for the most part on 
vegetable matter, which they chewed up with 
their relatively numerous (44 in all) and com- 
paratively simple teeth, the crowns of the rather 
small grinders being jjrovided with crushing 
tubercles. There were five digits in each 
extremity ; and locomotion was effected in a 
plantigrade manner — that is, on the palms of the 
hands and the soles of the feet. 

Adaptation of Mammals to Natural 
Surroundings. The swamps just described 
were to a largo extent superseded, as time went 
on, by extensive plains, covered ^ ith grass and 
other forms of vegetation. These altered con- 
ditions led to the evolution, from the primitive 
swamp-dwellers, of Hoofed Mammab {(Jn- 
gulata) and related forms, suited for compara- 
tively rapid progression on the plains, and 
adapted to fo d on their abundant vegetation, 
which was drier, and therefore more difficult 
to chew and digest, than the succulent plants of 
the marshes and damp forests. 

That the hoofed mammab should become 
more speedy than their ancestors is intelligible 
when w’o remember that the Flesh-eaters 
(Carnivora) began to evolve from the same 
8t<^k at the same time. The struggle for 
existence b, and has always been, so keen that 
no sources of food-supply remain neglected ; and 
while some forms have turned their attention 
■to plants, others have preyed upon the plant- 
eaters. The mechanbms conoemed with rapid 
progression are dealt with later. It will be . well 


to remember that hoofed mammab include odd^ 
toed forms (tapir, rhinoceros, horse), and even- 
toed forma (pig, hippopotamus, ruminants), 
while elephants, conies, and sea-cows consti- 
tute three related orders. Gnawers {Rodentia), 
Monkeys and Men {Primates)^ some Mammals 
Poor in Teeth {Edentata), and some Pouched 
Mammab (Marsupialia) also demand attention. 

Let us take first the odd-toed hoofed mam- 
mals. The tapirs, w'bich siiporlicially resemble 
pigs, arc a somewhat primitive, waning group, 
now only found in the Malay regions and parts 
of South and Central America. They still 
largely adhere to the old swamp life, but are to 
some extent specialised, their snouts being drawn 
out into a short proboscis, and their grinding 
teeth ridged — a useful imi)rovcinent upon pro- 
jecting tubercles. 

The Horn's Twofold Use. The rhino- 
ceroses of Africa and South Asia aro a step in 
advance of the tapirs, their teeth being more or 
less reduced in number, and the crowns of the 
large grinders having a more complex set of 
ridges, converting them into a very efficient 
masticatory apparatus. One or two horns — in 
the latter case one behind the other — are borne 
on the snout, and aro said to be used for gnibbing 
up vegetai)le food. Their large size, enormous 
strength, formidable horns, and thick skins also 
render these creatures practically immune from 
the attacks of the flesh-eaters. 

Horses, asses, zebras, and quaggas are remark- 
able for their 8j>ced (the ass must not bo judged 
in this respect from the familiar “ moke’*) and 
gregarious habits, which go far to protect them 
from enemies. Their teeth show increased com- 
plication, the grinders possessing elaborately 
ridged crowns, and, being composed of three 
materiab of different degrees of hardness, always 
keej^ing rough — a great point when somewhat 
dry vegetable food has to be chewed. Canine 
teeth are practically absent, though often feebly 
represented in the stallion, and the front teeth 
(incisors) are provided with deep pits, which get 
filled up with food, resulting in a black “ mark 
on the crow^n, which is a practical guide to age. 

The Large Family of Pigs. Consider 
now the even-toed hoofed mammab. The 
widely distributed swine — represented in 
America by the peccaries — are, in some respects, 
the most j>rimitivo members of their order, as 
shown by their fondness for marshy ground, 
their full number of teeth, and the tubercles on 
the crowns of the grinders. They are omnivorous. 

The well-known hippopotamus of Africa 
(there is also a small species in laberia) b 
practically a huge pig, which spends most of 
its time in rivers, and b a vegetarian pure and 
simple. But its dentition is somewhat specbl- 
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ised. The pig is familarly associated with 
Ireland, as being iho “ gintleman that pa 3 FS 
the rint,” and it is interesting to observe that 
the ridges of a worn grinder of the hippopotamus 
are arranged in a double-shamrock pattern. 

Chewing the Cud. Ruminants (Cud- 
chewere), a group of the even-toed hoofed 
mammals, include deer, oxen, sheep, goats, 
antelopes, giraffes, and camels, with their allies. 
Rumination, or chewing the cud,” is a some- 
what peculiar digestive process, which in effect 
moans the power of swallowing a hasty meal, 
retiring to a place of safety, and then brining 
back the said meal in successive portions 
(” boluses ”) to the mouth, to be carefully chewed, 
swallowed, and digested. This arrangement is 
associated with a coinplicated four- chambered 
stomach (portions of which are familiar to eaters of 
“ tripti ”), consisting of {a) the paunch (rumen)^ 
(h) honeycomb stomach (reticxdnm), (c) manyplies 
or psalter (omasum), and (d) reed or rennet 
stomacli (abomasum). The food is first luistily 
cropped, w'ithoiit chewing, and passes into the 
paunch, from which it goes into the honeycomb 
stomach. Here it is made up into rounded 
boluses, and returned into the mouth. After 
careful chewing, it is once more .swallowed, and 
now' enters the manyplies, which has numerous 
leaf-like folds, and selves as a strainer. Thence 
it passes to the reed, where it i.s subjected to the 
che'jnical action of the gastric juice, and ulti- 
mately reaches the intestine, there to be furthc^r 
dige.sted and absorbed. 

In all ruminants, exce|3t camels, and the 
related llamas and alpacas of South America, 
the upper front teeth (including the canines) have 
disappeared. In the ox, for example, the lower 
front tooth bite against a horny pad on the upper 
jaw, and it may be added that the grinders po.s- 
sess flat crowns with a fairly complex arrange- 
ment of ridges, making them efficient millstones. 

Distinctive Features of the Elephant. 

Elephants (Proboscidea), which inhabit Afiica 
and South Asia, ai‘c w'el I -defended herbivores, 
that are in some respects primitive in structure, 
though their teeth and trunk are remarkably 
specialised. There are no front teeth, except 
two upper incisors, w^hich are elongated into for- 
midable tusks, serviceable as defensive weapons, 
and also employed for grubbing up succulent 
roots. The huge and complicated grinders 
.succeed one another from behind forwards, 
instead of from below u}iwards, as in other cases. 
In an adult animal, onl^ four of them are in place 
at the .saiiK^ time. The crowns of these great 
teeth possess a serii s of lozengc'-shapcd ridges in 
the African elephant, and more? numerous narrow 
transverse ridges in his Indian cousin. 

3 ’he trunk of an elepliant, which is no more 
n a nose drawn out into a complex and 
delicate manipulatory organ, largely compen- 
sates for huge bulk and strong, pillar-liko legs, 
which serve simply ns organs of support. By 
its means tree- branches on the one hand, and 
herbage on the other, are easily secured as food. 
A series of fossil forms discovered in the Egyptian 
Faytten show how the trunk gradually evolved. 
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Sea-cows (Sirema) are related to the elephant 
order. The dugong and manatee, mentioned 
already in this course, are probably to be regarded 
as an ancient offshoot from the ungulate stock, 
which have become adapted to a vegetarian 
aquatic life, have lost their hind limbs, and 
simplifled their teeth. A gigantic toothless 
member of the order (Rhijtin^^ formerly lived 
on the islands of the Behring Sea, and only 
became extinct, through the agency of man, 
in the eighteenth century. In certain fossil 
forms the remains of the hind limbs are bettor 
developed than in the existing types.. 

Specialised Teeth of Gnawers. The 

large order of Gnawers (UodeMtia) mostly 
consists of small and comparatively simply 
organised mammals, found in nearly all parts 
of the world, though their headquarters arc in 
South America. Forms familiar in Britain are the 
rabbit, hare, squirrel, rat, and mouse. Taking 
the rabbit as a type, we shall And two chisel-edged 
incisors above and below, no canines, and a num- 
ber of prismatic; grinding- teeth w'ith transversely 
ridged crowns. All of them grow continuously 
throughout life. The incisors remain sharp 
because they arc thickly coated in front with 
relatively hard enamel, the rest of them being 
mostly made up of dentine or ivory, which is not 
so hard. Hence they wear unecjually, and main- 
tain a sharp edge. As the teeth are constantly 
growing, constant gnawing is necessary to keep 
th(*m worn down ; and if an unfortunate animal 
happens to lose an incisor, the one which nor- 
mally sliould bite against it grows to an inordi- 
nate length, and ultimately canscs the death of 
its unfortunate possessor. 

Tree-dwellers. Squirrels ar(‘ iuter(‘sting 
becau.se they have become adapted to an 
arboreal life. Their long, bushy tails servo as 
balancing organs. The water-rat and its smaller 
relatives (voles) possess comparatively (‘omplex 
grinding-teeth. Rats and mice are distinguished 
by their omnivorous habits, and are to be found 
in almost all parts of the world. Of non- 
British members of the order, beavers, por- 
cupines, oapybaras, and chinchillas may be 
mentioned. Beavers, as is well known, are able 
to fell trees with their gnawing front teeth, and 
in this way construct dams across rivers, on the 
upper side of which they make rounded “lodges,” 
sunk beneath the surface and entered t»y an 
opening reached by diving. 

The ground porcupines of the Old World, and 
the climbing porcupines of the New, possess 
defensive quills which serve as an effectual pro- 
tection against most enemies, and are in reality 
modified hairs of large size. The capybara, 
a native of South America, is the largest existing 
rodent, being about as big as a medium-sized pig. 
Its molars are large and complicated, and it is of 
aquatic habit. The little chinchillas of the high 
Andes are noted for the soft fur which they yield. 

Monkeys (Primates) are arboreal forma 
native to the warmer parts of both hemispheres, 
and of predominatingly vegetarian habit, 
though some of them (and man) are omnivorous. 
As compared with more typical mammals, 
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^awers do with roforcnco to vegetable food, and, 
Uko them, are of e^imple organisation. 

The familiar European Hedgehog {Erinaceus 
evropceus) is a good typo of a group of the order 
which is pretty common in the Old World, and 
has allies in tho West Indies. In accordance 
with tho nature of its foo<l, which mostly con- 
sists of worms, snails, insects, and other small 


the* teeth arc somewhat reduced in number (32 
in all), and the crowns of tho grinders are tuber- 
culat^. In some of the leaf-eating monkeys 
tho stomach is of complicated nature, as this kind 
of food is rather difficult to digest. 

Mammals Poor in Teeth. An ancient 
order is that of Mammals Poor in Tooth 
(Edmiala), now on the down grade. Tho sloths 
of South America arc arboreal 
l(^af-eating forms, which hang 
head downward from tree- 
branohes by means of their 
long, hook-like claws. In com- 
paratively recent geological 
times huge ground-sloths lived 
in South America, which were 
too big to climb trees, but J**;' 
were strong enough to uproot 
them in order to feed upon 
t heir foliage. 

In tho primit.ivo order of 
Pouche<l Mammals {Marsn^ 
piaJia) there is not a regular 
sneecssion of two sets of 
tooth, as in higher mammals, 
and only the first grinder 
appears to have a regular 
successor. Tho arboreal opos- 
sums of America are omni- 
vorous, and a number of tho 
Australian members of tho 
order kre pronounced vege- 
tarians, The springing kan- 
garoos and their allies browso 
upon grasses and herbs ; the 
wombats burrow, and gnaw 
roots by means of their 
rodent - like incisors ; trc(s 
kangaroos and phalangcrs arc* 
arboreal, and the latter live 
largely upon fruit. The little 
mouse - phalangcrs possess 
long, slender tongues, which 
they insert into flowers to 
K(icure nectar, and probably 
small inse(?ts as well. ' 

Carnivorous Mam- 
mals. There are five orders, 
all or most of the members I 
of which live upon animal 
food — t.c., lusoct-eaters (In- 
8ectivora% Bats (Chiropfera), 

Whales and Porpoises 

(CtUtcea), Flesh-eaters (Carni- the evolution of the house from a swaiup-dweller to a 
vora)y and Egg-laying Mam- plain-roaming mammal 

male (Monotremaia). Cami- Tlie top ijict ure s^hows the colilppus, which ran on fonr and three divided toes, Tho 
vorous forms are also to be centre picture is mlohlppus, and tlie bottoni tiie nuMlcrn horse. The »kelctonH of the 
found among the Mammals animal’s feet cicarly indicate the cour»c of its evolution. 

Poor in Teeth {Edentata)^ and 



,, tho Pouched 

Mammals (Maraupialia), 

Insect-eaters. Some of the small nocturnal 
animals which make up the order of Insect- 
eaters are to be found in almost all parts of 
the world except South America and Australia. 
They may be said to play much the same part in 
legird to the minor varieties of animal £o<^ that 


creatures, the teeth of the hedgehog are sharply 
pointed, those at the back having their crowns 
provided with small cutting projections. Such 
teeth are eminently suitable for dealing with the 
small animals named, as well as w'ith snakes and 
other reptiles, frogs, and even mice, none of 
which creatures are despised as articles of diet. 
The name “ hedgehog ” . has been suggested 
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by the shape of the snout, which is something 
like that of the pig, and is used in much the 
same way for grubbing in the ground. 

The Smallest Mammal. Shrews are very 
small, mouse-like creatures, having a very wide 
distribution. There are three sfiecies native to 
Britain, two of which are our smallest mammals, 
while the group is notable for the foot that some 
of its members are more diminutive than any 
existing mammals whatsoever. A body less than 
an inch and a half in length, jjIus an inch -long 
tail, is about the record. The teeth of a shrew aro 
very like those of a hedgehog, but its snout is 
much more slender. Jumping shrews, little, 
desert animals, are native to Africa, and are 
adapted for springing, their hind legs being much 
elongated. 

While the insect-eaters so far named hunt for 
their food on the ground (except water-shrews), 
there aro tree-shrews that are arboreal. In 
appearance they some- 
what resemble squirrels, 
and are native to South- 
East Asia. 

Among aquatic insect- 
eaters, the desmans in- 
habit some of the rivers 
of the Old World, such as 
the Volga, and are larger 
than the average of their 
kind. The snout is drawn 
out into a short proboscis, 
well adapted for search- 
ing out food in the cran- 
nies of river banks. In 
West Africa, an animal 
(Potarnogale) has been 
found in some of the 
rivers which might easily 
bo mistaken for a small otter, but is really a 
member of the prestn' order. The resemblance 
results from adaptation to a similar mode of life. 

A Hungry Underground Hunter. The 

well-known Mole (Talpa europmi) is beautifully 
speciah’sed for the pursuit of earthworms and 
other small animals underground, and is one 
of the hungriest and most untiring of hunters, 
far excelling lions and tigers in these res{>ects. 
It belongs to a group which is charaetcristic 
of the north temperate zone, and has allies (golden 
moles) in Africa. 

The members of tho ancient and almost 
ubiquitous order of insectivora have become 
adapted to tho pursuit of small prey on the 
ground, in fresh water, among trees, and in tho 
earth* Tho closely related Bats (Chiroptera) 
have acquired the power of flight, and wage 
incessant warfare in the air against such members 
^of the insect tribe as come out at dusk. That 
ap,rt of the flying membrane which stretches 
between the hind limbs and tail can be turned 
forwards and used as a very effective sweep -not. 
Bats aro found all over tho world. 

There can bo no doubt that Whales and 
Porpoises (Cetacea) have descended from 
terrestrial ancestors, but their exact line of 
descent is somewhat doubtful. Some membeiii 
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of the order possess numerous sharp simple teCth^ 
which are eminently suitable for seizing and 
holding slippery iisnes and cuttle-fishes. The 
common porpoise (Phoccena communis) is one 
of tho most familiar forms — indeed, too familiar, 
for it is a great enemy of the flshorman, not only 
on account of its appetite, but because it damages 
his nets and frightens away his lawful booty. 
The huge sperm whale, or Cachalot (Physeter), is 
an example of a toothed cetacean on a large scale. 

The Source of Whalebone. The whale- 
bone whales, which include the monsters of 
the order — up to 86 feet — have no functional 
teeth, though in very early life these are to be 
found imbedded in tho gums, which, however, 
they never cut. The most noteworthy pecu- 
liarity of these forms, as seen familiarly in tho 
Greenland whale (Bakma mysticetus), consists 
in the presence of numerous pairs of homy 
plates (baleen), frayed out at the edges, which 
hang down from the roof 
of the mouth. The so- 
called “ whalebone is 
derived from them. The 
whales of this group feed 
upon the small animals 
which float in enormous 
numbei*8 at or near the 
surface of the sea, making 
up what is technically 
called “ plankton.” Mov- 
ing alone at some speed, 
the whale takes in large 
quantities of sea- water, 
which is strained through 
tho baleen, leaving be- 
hind in tho mouth the 
nunuTOUB small crea- 
tures it oentains. Tho 
danger pf choking during this process of feeding 
is obviated by the fact that the top of tho wind- 
pipe is drawn out into a cone, which fits into tho 
back of the nasal passages in such a way that 
no water can find its way into the lungs. 

FIcsh-oaters (Carnivora) are descended 
from the same nneient* swamp-dwelling stock 
as hoofed mammals, but claws have been 
evolved Instead of hoofs, and tho teeth are 
more or less suited to flesh-eating. Seals, sea- 
lions, and vralruses have become adapted to an 
aquatic life. 

Bears (Ursidm), i^'ith the exception of tho 
Polar bear (Ursus maritimus), are of omnivorous 
habit; and though the canine teeth aro in the 
form of prominent tusks, tho back grinders have 
blunt crowns, suitable for, dealing with a mis- 
cellaneous diet. These creatures exhibit the 
primitive character of being plantigrade. 

The remaining land carnivores are typically 
digitigrade — that is, they walk on the ends of 
the fingers and, toes, and their back teeth arci 
mostly compressed, and possess outtinl; crowns. 

The omnivorous badger (Melus iaxus) and 
immediate allies aro the least specialised memr 
bers of the group, and in many respects resemble 
bears in structure. But weasels, sUiats, sables, 
martens, and the like are eminently earnivoroua 
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and bloodthirsty- None of them are of any 
great size, and the narrow, short degged body is 
well suited for penetrating undergrowth. Some 
are arboreal, and the weasel makes its way 
underground to attack burrowing mammals, 
such as moles and field-voles. The otter 
{Lutra vulgaris) is a predaceous aquatic member 
of the group, with sharp-pointed teeth, adapted 
for seizing fish. In the rare sea-otter {Enhydris) 
of the North Pacific the back teeth have blunt 
crown?, in accordance with the diet, which 
consists mainly of sea-urchins, crabs, and shell- 
fish, aU of which need to be crushed. 

The Raccoon and Coati Family. The 

small animals of the Raccoon and Coati 
Family {Frocyonidve) are nearly all American, 
and the boat-known forms are the- raccoon 
(Frocyon) and the coati (Nasua), The former 
lives a good deal among trees, but also hunts 
for prey in brooks. Ft is remarkable for the 
curious habit of washing its food. The long- 
snouted coati is largcily arboreal, and hunts 
down tree-lizards, but it also frequently descends 
to the ground to grub up worms and other 
small creatures with its snout. 

The Dog Family. The members of the 
Dog and Wolf Family ((^anidoi)^ including 
jackals cand foxes, are very wid(dy distri butted, 
there even being a sort of clog — the dingo — 
in Australia. These creatures are more 
specialised than bears, but less so than the 
cats and their allies. Wolves and wild dogs hunt 
ill packs, and track their quarry by smell. 

Civetocats, Genets, and Mungooses. 

Tlie family of Civet-cats and Mungooses 
{Viverridfc) includes a largo number of small 
animals which an', well ada|it(?d to a car- 
nivorous life, but not so highly specialised as 
the cats proper. The eivet-Ccats (Viverra) arc 
nearly all ground animals, mostly from South 
Asia, but also represented in Africa, to which 
continent their relatives, the genets (Oenetta)^ 
are almost entirely confined. The Indian palm- 
civets (Faradoxurus) live in trees, and not only 
prey upon various small animals, but also eat 
fruit to some extent. The mungooses {Her- 
pesfes) are small African an<l South Asiatic 
animals, somewhat resembling stoutly built 
weasels, and remarkable for their extreme 
a^lity, which enablt« <^heni to cope successfully 
with poisonous snakes. 

The comparatively large Hyaenas (Hyd^nid^je)^ 
closidy related to the civet-cats, feed mostly 
upon carrion. The striped hyiena {Hymia 
striata) of Asia and Africa, and the spotted 
hyaena of South Africa {Croevta maculafa), 
have immensely powerful jaw’s and teeth, with 
which they can easily crunch up bones. The 
aardwolf (Frotdes) of South Africa is a kind 
of degenerate hyaena, with reduced and com- 
paratively feeble back teeth. It burrows 
underground, and devours termites (white ants) 
as well as carrion. 

The Cat Family* The Cat Family 
(FdidoB) includes the beasts of pn y pxr excellence^ 
such as the lion, tiger, leopard, ani cheetah of 
the Old World, and the puma and jaguar of 
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the New. The domestic and other cats ” also 
belong here. Examination of the skull of 
a lion will show some of the specialisations 
that exist in connection with the carnivorous 
habit. The jaws are of enormous strength, 
and the promin(^nt ridges on the skull are partly 
for the attachment of muscles that work the 
lower jaw up and down. The canine teeth 
arc exceedingly powerful tusks, and are used in 
seizing and holding prey, while the crowns of 
the back teeth perform the function of cutting 
blades of great elYiciency. 

As is familiarly known, the claws of cat-like 
animals arc employed against their victims with 
deadly effect, and when not in use arc drawn 
back into sheaths, and thus prevented from 
becoming blunt. They are sharpened by being 
rubbed against trees. Sight and hearing are 
very acute in members of the group, all of which 
stalk tluur ])rey, finally securing it by a sudden 
rush or spring. 

The Sea - dwelling Flesh - eaters. 

Of the three families belonging to the sub- 
division of Aquatic Carnivores one 

includes the walrus {Trichechiis), which has 
enormous tusk-likt^ up]>er canines, and grinders 
with blunt crowns. The former are used for 
grubbing up shellfish as food from the sea- 
bottom, and the latter for crushing them. The 
sea-lions and seals, which make up the two 
other famili(*s, are fish-eaters, and the crowns 
of their back tcetli are laterally flattened and 
sharply j>ointed. In all these aquatic forms 
the limbs arc in the form of paddles. 

Mammals Poor in Teeth. The Mammals 
Poor in Teeth (Edenhtla) include the great 
ant-eat<*r {MyrtriecArplmga)^ adapted to feeding 
on insects, much in the same way as the 
spiny ant-eater. With its enormous claws it is 
able to tear open ant-hills in pursuit of its prey. 
The Cape ant-eater, or aardvark {Orycterojmfi) 
of South Africa (which possesses back teeth), and 
the scaly pangolins (Manis) of Africa and South 
Asia, are both specialised in a similar fashion 
to the great ant-eater. 

Australian Pouched Mammals. 

Among the Australian members of the 
Pouched Mammals {Marsapmlia) order we find 
carnivorous forms which superficially resemble 
speck^s belonging to various other orders, the 
resemblance having been brought about by 
adaptation to similar modes of life. Such are 
the native “ wolf (Thylachius) of Tasmania, 
the dasyurcs (resembling civet-cats), the banded 
ant-eater (MyrrnecoLiu.^ (which, however, pos- 
8C*-8ses unusually numerous teeth), and the 
pouched mole {Notoryctes), 

The Mamtnals that Lay £ggs« Egg- . 
laying Mammals (Monotremata) include the* 
spiny ant-eater (Echidna) and duck-billed 
platypus (Omithorhynchue), which are both car- 
nivorous. The former possesses a narrow, 
toothless snout, and its long, sticky tongue 
secures insect prey. The duck-billed platypus 
lives in streams, feeding largely on water-snails, 
which it is able to crush by meaiiB of horny 
plates in its jaws. 
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CLASSIFICATiON OF THE ORDERS bp THE MAMMALS 


1. Men and Monkeys (Primates), All the 
members of this order are, distinguished by the 
possession of a relatively largS brain, and this affects 
the general shape of the skull, one result being that 
the eyes are directed to the front, Man alone 
excepted, these highest mammals are adapted for a 
climbing, tree life, and their feet are grasping organs. 

Man-likk Apjss. These approach more nearly 
to man in structure than the other members of the 
order^ and, unlike these, can walk on their hind 
limbs with more or less facility. The gorilla and 
chimpanzee are native to tropical Africa, the orang- 
utan to Sumatra and Borneo, and the gibbons to 
south-east Asia. Those, and the very numerous 
monkeys of the Old World, have comparatively 
narrow noses, thus differing from the broad-nosed 
monkeys of America, many of which also possess 
prehensile tails. In the latter group, too, are 
included the little marmoscjts. 

2. Lemurs (Ltmuroidea). These are small, 
monkoy-Iike creatures, included by some authorities 
in the last order, but decidedly lower in the scale. 
They inhabit the tropical forests of the Old World, 
most of thorn being peculiar to Madagascar. 

3. Insectaeaters (Inseclimra). The mem- 
bers of this largo and ancient order are small animals 
found more or loss in noaily all parts of the world, 
and adapted by their structure to feed upon insects 
and other small creatures. Of British species, the 
hedgehog, mole, and shrew belong here. 

4. Bats (Chiroptera). These are closely related 
to the insect-eaters, from which they differ in the 
possession of organs of flight. The larger bats of 
the East Indies are fruit-eaters. 

5. Gnawers (Rodentia), Here, again, wo have 
a large, ancient, and widely distributed oixler, in- 
cluding animals that are mostly small, and generally 
adapted for living upon vegetaole food, thoiigh some 
are omnivorous. They possess four chisel-edged 
front teeth (incisors), which grow continuously 
throughout life. Of familiar British types, rabbits, 
hares, voles, rats, mice, and squirrels illustrato the 
wide variations in habit that characteriF.e the order. 

6« Hoofed Mammals This group 

includes most of the large herbivorous forms, as well 
as a few omnivorous ones, and the hoofed extremi- 
ties are more or less adapted for swift progression. 
The odd-toed and evon-tocd ungulates are respec- 
tively distinguished by an odd and even number of 
digits on the hind foot. 

Odd-tokd Ungulatks. The pig-like tapirs of 
south-east Asia and tropical America possess four 
toes on the fore and three on the hind foot, while 
the rhinoceroses of Africa and South Asia have only 
three on each. In horses and their allies there is but 
one large toe on each foot. 

Even -TOED Ungulates. The omnivorous swine 
and the plant -eating hippopotamus of Africa do 
not chew the cud, and thus differ from the rumi- 
nants, among which are included deer, oxen, sheep, 
goats, giraffes, camels, and llamas. 

7. Elephants (ProhoHcidm). These huge 
plant-eaters, native to Africa and South Asia, are 
la many ways simpler in structure than tho members 
of the last order, but theii teeth are much special- 
ised, and the prehensile trunk, into which the snout 
is dr^n out, is a notable peculiarity. 

6* Coniea (Hyracmdea). This order includes 
some small creatures, sometimes confounded 
with rabbits, inhabiting tho African and Syrian 
deserts. There are four toes in the fore-foot, 
and three in.the hind, all previded with small hoofs, 
except '^he innermost hind toe, which is clawed; 
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upper incisors like those of the rabbit ; back teeth 
something like those of the rhinoceros. 

9« Sea-Cowa (Sifenia), This group df plant- 
eating marine mammals is represents only by the 
dugong and manatee, which haunt the shores and 
estuaries of the Indian Ocean and South Atlantic 
respectively. The tail Ls horizontally flattened, the 
fore limbs are modified into flippers, and the hind 
limbs have disappeared entirely. 

10. Whales and Porpoises (CeUicea), 
These are even more fully adapted to an aquatic 
life than the sea-cows. Some, such as the odi^oise 
and sperm-whale, possess numerous pointed simple 
teeth, but the whalebone whale and ifis allies 
are entirely toothless. 

11. Flesh«eaters (Uamn'oni). Here are in- 
cluded a great variety of predaceous forms, pos- 
sessed f)f strong tusks, or canines, cutting back 
teeth, and clawed digits. 

The Cat Family ( FelidcB ) embraces the species 
best adapted for a carnivorous life, such as the lion 
of Africa and India, the tiger of Asia, and so On. 
The hyicnas of the Old World make up a closely 
related group. 

The Uoo Family ( Ganidce ) includes dogs, wolves, 
foxes, and jackals, which are not so spocialisod as 
the preceding family. 

The Weasel Family ( MuMelidoi ) is represented 
by many small bloodthirsty forms, such as weasels, 
and by the larger ottcn*s, which arc equally rapacious; 
The funnivorous badgers also find a place here. 

Tho Bear Family ( Uraidee ). With the exception 
of the Polar bear, the members of this family are 
omnivorous, and loss sjx'cialised in structure than 
most other flesh-eaters. 

AiiXTATic Flesh-eatees { Pinnipedia ). These are 
tho walruses, sea-lions, and seals, all of which are 
well adapted to a marine life, as may bo soon by 
their shape and their flipper-like extremities. 

12. Mammals Poor in Teeth {MentaUi). 
Living ill South America are a number of archaic 
forms, which are the chief living examples of this 
decadent order, that is also rcprosxinted, however, in 
the Old World. They include the toothless great 
ant-eater, the burrowing and armoured armadilloea, 
and tho leaf-eating arboreal sloths. 

13. Pouched Mammals {Marsupialia). 
Except the American opossums, tho members of this 
primitive order are natives of the Australian region, 
where, in the absence of competing higher typos, they 
have acquired an extraordinary diversity of charac- 
ter, adapting themselves to the most variofl habits. 
Tho native “ wolf,” for instance, is a flosh-eater ; 
tho banded ant-eaters are insectivorous ; the little 
pouched mole feeds on various small creatures ; the 
springing kangaroos are herbivorous ; the burrowing 
wombat devours roots, and tho climbing phalangers 
eat fruit. The young of marsupials are bom in a 
very immature condition, and are sheltered for some 
time in a pouch formed by a fold of skin oh tho 
under side of the mother’s body. 

14. Egg-laying Mammals (Monotremaia), 

This order includes only the duck-billed platypus imd 
spiny ant-eaters of Australia, which are muck more 
primitive in stnicture than any other existing 
mammals, and present many points of resemblance 
to reptiles. Tho most extraordinary fact in regard 
to them is that they lay eggs, though the young, 
when hatched, are fed on m|ik, as in the other orders; 
The miUc-glands, however, are devoid of teats, and 
th^ir secretion oozes into a depression, from which 
it is licked up. . . -j 

J. R. AINBWORTli-DAVlS : 
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Properties of Series Motors. Control of Tramway 
Motors. Tramway-car Brakes. Oyerhead Construction. 

ELECTRIC TRAMWAYS 


O NE of the earliest industrial applications 
of electricity was to the driving of 
tramways. The first electric tramway was 
installed by Siemens, of Berlin, in 18S2 ; and 
the system was quickly taken up and brought 
to a high state of development by American 
engineers, owing to the bad roads rendering this 
form of suburban and inter-urban locomotion 
practically the only possible one. It is remark- 
able that the system of traction early tuloplod 
is the one which commands practicjilly universal 
acceptance until the i)rcsont date. It consists 
essentially of (a) a supply of ctmtimums current at 
/)00 to 550 volts, generated in (b) a central power- 
and transmitted to the cars by means (r) 
of (A'erhead conductors^ whence by contact with a 
trolley wheel on a pole on the ear it is led down 
to (d) two series-excited motors^ which are ])lactHl 
electrically first in series witL one another at 
starting, and then m parallel with one another 
w hen a sufficient speed has been attairud. 

Tramway Systems. The principal recc^nt 
modifications arc the substitution of a supply 
of current from sub-stations where a high 
voltage alternating current is converted to con- 
tinuous [see Systems of SurrLYj. and the 
adoption of underground conduits or of methods 
of surfaco-conta<‘t in 2)lnce of overhead wires. 

A few lines are, indeed, oiieratod by alternating 
currents, but they are exceptional. The chief 
technical interest, therefore, turns on the 
application of continuous currents by the use 
of two series -excited motors on the car, as it 
is this particular combinal ion whicli has shown 
itself best adapted to the needs of tram-car 
prot>ulsion. These needs are, in the first place, 
a great starting effort when the cur biggins to 
move; and, secondly, means of changing the 
propelling effort as required by the chaTigo.s of 
speed and the exigencies of ascending or descend- 
ing gradients. Attention must therefore be 
first directed to the pro|>erties of the motor, and 
then to the methods of electrically controlliiu! 
its speed, its effort, and the amounr of current 
which it draws from the lines. 

The Series excited Motor. On page 1 1 53 
we discussed the different mcthotls of exciting 
the field-magiieis of generators. The same 
arrangements can be usc»d for exciting motors, 
though, of course, the motors will have different 
eharactcristics of working u hen used under the 
different conditions. 

Just as the shunt dynamo is the one principally 
used at the present day. so the shunt motor, 
with the notable exception of traction work, 
is almost exclusively used for power purposes. 
The* article beginning on page 1417 Mm taken 
up wholly with a discussion of the shunt motor; 
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we have now to study the senes motor m con- 
nection with its only present-day application. 

The characteristic properties of a series motor 
are generally considered with reference to the 
current which it takes, and are expressed in tho 
form of curves, such as are shown in 189. 

To help in tlu; study of these we may classify 
in parallel columns the ]iroporties of the series 
and the shunt motor as follows : 

Sui'NT Motok Series Motor 

The speed is jirao The speed varies, 
ti(!ally constant at all and is high with a 

loads, and therefore small cuiTent and vice 

independent of the versa, because the 

current which flows magnetism is created 

through the armature. by the same current 

which eventually flows 
through the armature, 
and therefore alters 
Avith it, and a high 
speed is necessary to 
generate? tho same 
voltage with a smaller 
amount of magnetism. 

Tlie iifvque Beoausi? the inag- 

1418J or tractirc effort netism incTeasea with 

is direetly propor- the current, the 

tional to the current, tractive effort, which 
again because the depends upon both 

magnetism is con- the magnetism and 

slant. the armature current 

[see page 1418], is 

relatively gre^ater witli 
large currcMits. 

It is the combination of these tAvo qualities 
Avhich makes the series motor so valuable for 
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TELEGRAPHY, WIRELESS TRANSMISSION 
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traction purpofies, for, at starting, wiben tbe 
greatest tractive effort is required, this effort 
is ^greater per unit of current than it would bo 
with’ a shunt motor, and the natural speed of 
the motor is low when a large pull is required. 





140. TRAMWAY-OAE MOTOB 
By courtesy of Messrs. Witting, Kborall & Co. 

Construction of Tramway Motors. 

The manufacture of tramway motors is an art 
which has been acquired only after years of 
experience. A minimum amount of space is 
available underneath the car, and the motor 
has to be totally enclosed to protect it from 
the weather. The construction of the various 
parts must be without fault, for they have to 
withstand the heavy strains ranging from an 
expeditious starting-up under the maximum 
load, to those due to an emergency braking. 

The motor itself is invariably of a four-pole 
design, and a typical example is illustrated in 
140, 141, 142. and 143. Fig. 140 gives a view 
of the complete motor ready for mounting on 
its truck. The box-liko casing, which also 
serves as the yoke of the magnetic circuit, is of 
the best cast steel, and is made in two parts, 
which are hinged so that it can be conveniently 
opened for examination, as in 143. With one 
half of the box are cast the brackets which form 
the bearings of the car-axle and other details 
necessary in mounting the motor [140]. In 
tramway work the motor is never plac^ directly 
on the wheel axles, but drives through a reduction 
spur-wheel gear, the ratio of the speed of the 
motor to that of the wheel axle Ixsing from 3-6 to 1 
to about 5 to 1. By adopting this arrangement 
the motor may be mounted on springs [141], 
which take up all the jolts and jars from the 
rood, and thus ensures the protection of the 
motor to a considerable extent. 

To minimise the energy-losses in the iron of 
the magnet core, it is generally built up of 
^minations riveted together. I n the motor shown 
^ere are four magnet- poles. Two of these, 
marked MM in 143, are in the lid, the other two 
are in the lower part underneath the armature A. 
The pole-cores are as short as possible, and the 
exciting coils .££ are wound on formers to such 
a shape as to make best use of the space avail- 
able between the poles and the case. The 
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armature A [143] is always wave- wound " [see 
page 1149], so that only two sets of brushes are 
ne^ed [74, page 1151], and in this way the 
whole of the brush-gear becomes easily acces- 
sible for inspection and repair, as in 148. The 
brushes BB themselves are of carbon, covering 
two or three commutator seg.xients, and arc 
fixed once and for all in the neutral position 
[page 1151], because the motor is required to 
run in both directions. 

When the motor is closed, they press on the 
commutator C at parts distant from one another 
by a quarter of the i^eriphery. P is the pinion 
of the speed- reducing gear. 

The laminations of the armature are extra thin, 
and are carefully selected for their magnetic 
qualities. The slots in the tramway motor 
armature arc relatively larger and fewer than in 
other types, for by this means the total space 
taken up by insulation is somewhat reduced. 

Until a few years ago the normal rating of 
tramway motors was 20 to 25 h.p., the rating 
being determined by the output which could bo 
taken from the motor for one hour’s continuous 
run without the temperature-rise in any part 
exceeding 135 deg. Fahr. (75 dog. C.) over the 
surrounding atmosphere. The introduction of 
larger cars such as those used by the London 
County Council, with top-covers, has createii a 
demand for larger motors. Messrs. Dick Kerr 
& Co., Ltd., and other makers, now supply a 
40 h.p. size. This is fitted, in the case of Messrs. 
Dick Kerr’s motor, with interpolcs or auxiliary 
poles, as describecl in page 1152, for the 
purpose of reducing the possibility of spark- 
ing, and of obtaining the largest output for a 
given weight of motor. 

The Control of Tramway Motors. 

We have already said that tramway motors are 
connected in series at starting, and afterward 
in parallel. The reason is one of economy, for at 
the start the value of the current is controlled 
solely by the insertion of resistance in series 
with the motor, just as in the case of the shunt 
motor [page 1420], and we may just as well let 
the same current pass in succession through both 
motors as take double the current from the line 
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and send it in two branches through the two 
motors. The various stages in the control which 
follow are diagrammatiosdly shown in 144. After 
the car has once starts moving^ the next 
operation is to cut out the resistance, generally 
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in three stages, for the current value becomes 
more and more determined py the speed of the 
motor than by the resistance in series with it. 
When all the resistance is short-circuited [144<1 
the car gradually attains a steady speed, and the 
current consumed will be that necessary to 
provide a tractive effort in the two motors 
which is just sufficient to overcome the running 
friction of the car. 

Suppose in our motors [1391 that this tractive 
effort were 1000 lb., this being divided equally 
between the two motors, wc see from t ho curve 
that for a tractive effort of 500 lb. each motor 
is requiring 25 amperes, and that according to 
the curve B, which represents the relations for 
series connections, the speed w ill be work out 
at 0-2 miles per hour. 

Parallel Connections for Top Speed. 

Under certain conditions — for example, on a long 
hill — it is advisible to continue to run with the 
niotors in series, but often a higher speed is re- 
quired. We jmt the motors in series to econo- 
mise current at starting; we now put them in 
parallel to attain a high speed when the car is 
well under way, for the speed is dependent on the 
voltage, and when they are running steadily in 
scries the voltage t^n each motor is about 250, 
while if we could get them running steadily in 
parallel — that is, each straight across the mains — 
the voltage across the terminals of each would 
be 500, and a high speed would result, as shown 
ill the u})ward curve [ 139]. 


The transference of the motors from series to 
])araliel must bo done in stages, for resist anee 
must tirst be introduced to limit the rush of 
current which takes place when the motor 
connections are altered from the position in 
144<*. to that shown in 144#/. This resistance 
is then cut out in stages, as 
shown in 144, d, and /. 
With conditions 144/ a steady 
speed is again attained, ami, 
to continue our example, wo 
will take it that at this in- 
cri?ascd speed a larger tractive 
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effort of 1500 lb. is required. With 750 lb. effort 
per motor wb see [139] that about 34 amperes are 
i^^uired per motor, and this time twice this 
amount — namely, 68 amperes — ^will be required 
from the line. Beferring to curve A, we also see 


that the speed corresponding to these 34 amperes 
per motor, will now be about 12 miles per hour. 

The Tramway Controller. The modern 
tramway controller is a model of ingenuity. Its 
usual appearance is shown in 156. It is really 



143. motor: opened, showing armature 

AND UPPER PAIR OF MAGNET POLKS 

a series of switches, which by suceessivo move- 
ments place the two motors first in scries, and then 
in parallel with eacdi other, there being several 
stages in each operation, as explained above. 
Further rotation of the main handle disconnects 
botli motors from the circuit, allowing them to run 
as generators through suitable resistances. In 
these circumstances they act as very efficient 
brakes, forming a very useful addition to the 
ordinary wheel brake. The two motors arc finally 
short-circuited. The movement of a smaller 
handle — whic^h is so interlocked that it will move 
only when the main handle is in the correct position 
— enables the motors to be reversed. FinaHy, an 
electromagnetic circuit is so arranged that all 
circuit brakes are made in a magnetic field which 
blows out the arcs immediately they are formed. 
The principle on which the controller works is 
shown in 146. As the handle is moved round in 
the direction indicated, the metal contact wipers 
come into contact with the serrated copper plate 
upon the controller drum, and in this way the 
successive alterations in the connections are made. 
Fig. 148 is a developed diagram to show the 
operation of switching the motors in series and 
parallel. When the controller is in the series 
positions the current flows through GI, a, H, and 
J, and the motors are thus in series ; and when in 
the parallel positions the current divides at G and 
flows in the following manner : 

G <f»> J. 
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146. diagram of reversing drum 
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How the reversal of the motors is carried out 
IS shown diagrammatically in 146. 

To reverse the direction of potation of a motor, 
the field current has to be reversed with respect 
to the armature, and this is done by moving the 
drum to the left or to the right so that the metal 
plates A and B come into contact with the left- 
hand or right-hand set of wipers. In the former 
case the path of the current is. f*M 'rfN'XYO 'eP'Z - , 
and in the latter -hMdNVXOcPZ so that, 
w'hile the directing Z to ~ remains the same, the 
direction between X and Y is changed. 

Tramway'^,^ Trucks. Small cars are 
mounted upon single trucks with a motor 
mounted upon each axle of the truck. As, 
how'ever, it is not practical, from the ])oint 
of view of rounding curves, to liave the wheel 
base — that is, the distance between cent res of the 
wheels of a truck — much mon^ than six feet, it 
])ocomes necessary to mount the larger cars 
upon tw'o trucks. In the inter-urban ears 
much used in America, each axle is again used 
for driving, and four motors in all are installed, 
but the usual practice in England is to have 
only two motors, one on each truck. By this 
a rrangement a certain percent - 
age of the w'eight of the car is 
lost for tractive purposes, and 
the driving wheels will sli]) 
sooner. To get over this the | 
car is inountod on the trucks as 
indicated in 147, so that the 
weight is taken nearer the 
driving wheel than the 
pony wdicel, and in this 

way from 75 to 80 y)er 

cent, of the weight of 
the car is used, for 

giving adhesion to the IE 

rail when driving j55 uetau.s ok ov 

Brahes. The 

safety of a car dcj)ends upon (he reliability of its 
brakes, and these should, therefore, receive the 
be.st attention. All the different forms of brakes 
may bo divided broadly into three classes — 
namely, wheel brakes, track or slipper brakes, 
and electric brakes. 

Wheel Brakes. Of the lirst the best-known 
form is whore cast iron or hard wood brake shoes 
press against the rim of the wheels. The limit 
to the power of t his form of brake is the adhesion 
df the wheels to the rail. When the brake shoes 
are pressed so hard against the wheel that the 
grip between the wheel and the rail is overcome 
the wheel slips, and it has been found by ex- 
periment that when the wheels start slipping 
they continue to slip even af tcT the brake pressure 
has been considerably relieved, and that at the 
moment of slipping the brake action bectmies 
reduced to a third of the former value when the 
friction was all at the brake shoe. 

Slipper Brakes. In the second tvpo of 
brake — namely, the track brake— a shoe is 
pressed down on the track, and the limit to this 
form is, of course, the weight of the car ; for any 
downward, pressure on the rails is counteracted 
by the upward force which tends to lift the car 
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of! the rails, or, if not altogether to lift it, to relievo 
the wheels of a portion of the weight of the car 
and so make their running less cert^ain. This 
objection is, however, got over by making an 
electromagnet of the brake shoe and producing 
the necessary pressure by the magnetic attrac- 
tion bctw'een the iron shoe and the steel rail. 

Electric Brakes. The third form of brake 
is that in which the motors are made to act as 
generators, and the energy they produce as such 
is of course taken from the moving car, with the 
result that it is retarded. The generated current 
is often passed tlirough resistances, as described 
above, but it may be used to excite the magnets 
in the slipper type of brake. The Westinghouso 
Company have sold very large numbers of a brake 
in which the motors are made to act as generators 
and tlie current so derived is sent round the coils 
of the slipper brake. The attraction of this to 
the rails also actuates the wiieel brakes, so that 
all tliree types of brakes are instantly applied 
by a movoineni of the controller handle. 

The Return Circuit. To provide an effi- 
cient return path for the current after it leaves the 
tramway-ears is an im})ortant matter. In telo- 

graphy the currents are allowed 

to return for hundreds of miles 
i hroiigh the earth, for here tlu? 
currents are small. With 
electric (;ars, it was found that, 
with the large currents used, 
iw'ighbouring gas and w'ator 
j)ipc.s beeamo damaged. With 
a view to protecting 
. r these |)ipes the Board 

Trade have made 
rules, the most im- 
Q portsvnt of w hich is that 

, , on no one part of the 

sr.si.i-;N.sioN 

there bo at any time 
more than seven volts above the negative terminal 
of the generator. To ensure that this is so, 
among other things, the separate lengths of rail 
which form the track must be eonnccUid together 
electrically. The moans used for mechanical 
fastening are not sufficient for the electrical 
purpose, so that s))ecial arrangements have to bo 
adopted to aocomplisli it. 

In some systems, (he lengths of rail arc 
welded to one another, but the usual way is 
to bond the rails w ith thick cojiper connectors 
which are tirmly riveted into adjoining rails. 
Fig. 160 8how.s a well-known type of bond. 
Holes arc drilled into the w^eb of the rail, and 
they must bo thoroughly cleaned before they 
receive the shank of the bond. When this has 
been fixed firmly in place, a hard steel stud is 
(hen forced into the hole dow'U the centre of the 
shank, w ith the result that the bohd and the rail 
are forewl into very intimate contact. It is found 
that by far the greater part of the resistance of 
the bond is in the contact between it and the 
rail, so that the greatest care must be taken to 
see that the rivet is right home. As a further 
precaution the various track rails are cross- 
bonded at intervals. 
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Overhead Conetruction. The problem 
in overhead construction may be stated thus: 
Stipend a copper wire^ of diameter ahmit ^ of an 
inch, over a tramioay track in suck a way that 
great mechanical etretigth is (Mained, with an in- 
stUation mfjicient to withstand 500 voUs, As 
regards the poles, three methods of construction 
are used in England — namely, (1) a side-pole 
on one side of the road with a long bracket 
which supports both the up and the down 
wire; (2) a centre-pole along the middle of 
the road, with short brackets on each aide; 
and (3) poles on both aides of the road, the 
conducting wire of copper being, slung from a 
steel suspending w ire stretched across the road. 
The second makes the best mechanical job, but 
is bad in busy streets. The tirst is cheaper than 
the third in other cases w'here the width of the 
road would not necessitate an extra long bracket. 
The wires themselves [155/i] are supported by 
soldering their ends into w hat are know n as ears 
[1666], which are screw'cd into in- 
sulators, such as 166c and 149. The 
whole arrangement is then slung a.s 
shown in 152 and 154 ; a second 
insulator, as 163, being inserted before 
the suspension is made fast to the pole. 

The constructions shown in 152 and 
164 are adopted for the first method 
of suspension mentioned above, 152 
showing the arrangement s on straight 
runs of line, while 164 is the arrange- 
ment which is used on curves, where 
the wire must be on the same level as 
the tackle which takes the side thrust 
from the trolley-pole. 

Construction of Insulators. 

The material generally used for tram- 
way insulators is brittle, and, in con- 
sequence, cannot withstand any great 
tensile stress, although it is f-trong 
against compression. In consec|ueace 
of this the insulators have to be so 
constructed that the pull lietwecii the 
ends is taken up in the insulator by a 
compression. How this is done may 
be easily seen by tracing out the path 
of the stress in the section shown in 163, and 
also in 165c and 149. The insulation resistance 
of an exposed insulator depends upon two things 
— namely, the material of w^hich it is made, and 
the state of its surface to prevent creeping of the 
current along any film of moisture that may 
form. The section in 153 has been specially 
cho^n to meet this last }K>int, for the rain falling 
on it will not drain off on to the metal eye-pieces 
at the end, but w^ill flow to the projecting rib 
which passes around the centre. Porcelain in- 
sulators are being used to an increasing extent 
in overhead tramway construction. 

Special Details. For crossings, special 
knows as frogs, have to be provided to 
guide the trolley on to the required line. Other 
special requirements are when the line runs 
from one section to the next, each section being 
supplied with its curreiit separately. For thia 
a larger ear is used, made in two parts> insulated 


from one another and from the common support. 
Many types of fro^andseptioninsulators aroused. 

Collectiaif Trolley# The means i^lmost 
universally^ adopted in England and. Ainmca 
for oollecting the current from the line is by a 
trolley. A trolley is a grooved wheel mounted 
on the end of a more dr less flexible steel pole, 
which, in the case of cars with roof seats, is 
supported on a pillar about six feet high. A 
section showing th<? inside mechanism of a usual 
type of pillar is seen in 161. The arrangements 
provide for the movement of the trolley-pole up 
and down to suit the varying heights of the over- 
head wire, for supplying an upward pressure to 
the pole, so that the trolley- wheel makes a sure 
contact with the w^ire, and for swinging the pole 
round when the direction of motion of the car is 
changed. Such a collecting trolley is usually 
fitted to a sw'ivelling head, which allows itself to 
follow the position of the trolley wdre even if this 
is not over the centre of the track. 

Surface « contact and Slot- 
conduit Systems. Many attempts 
have been made to do away with the 
overhead work in electric tramways. 
These efforts may be divided into two 
classes : one in which the current is 
conveyed to the car from studs set in 
insulating blocks of cement or asphalt 
in the surface of the road, and the other 
when the current is collected from con- 
ductors buried in a conduit, access to 
which is obtained through a slot. 

In surfiice-oontact systems the studs 
are placed about six feet apart ; and 
when no car is passing over them they 
are automatically disconnected from 
the circuit ami become dead. The car 
passing over the studs connects them 
to the feeding circuit. In some cases 
the switch to do this is actuated 
mechanically by the weight of the car, 
but more frequently this is done by 
electromagnetic means. In some sys- 
tems a long electromagnet fixed undei 
the car acts magnetically on an arma 
turo in a sunken box under the stud. 
In others, the electromagnet that moves 
the switch is placed in the stud-box, and 
is brought into operation by the car making 
electric contact wdth the stud. In all cases the 
car is provided with a long metal skate or runner 
under the car, which glides from stud to stud 
and so continuously picks up the current from 
the mains through the studs. 

In the conduit system the live conductors are 
placed on insulated supports in a tunnel or con- 
duit which runs along under the middle of th© 
track. The conduit has a slot about one inch wide 
opening all along into the road, and through this 
slot is let down from the car a plough, which 
collects the current. It is an easy matter to 
mount two conductors in the conduit, one on 
each side of the slot, and so provide an insulated 
return for the currents, so that the bonding of 
the rails becomes unnecessary. . ^ 

SILVANOS P. THOMPSON 
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intiueoce of the Different Schools. Sight Reading. Pianoforte Study 
In England. Examinations. Memorising, Teaching, and Performing. 

PIANOFORTE PRACTICE 


A lthough the pianoforte is a comparatively 
modern instrument, and had not yet ousted 

tury, stiU, the keyboard music of the Elizabethan 
peri<^ (1600), when English harpsichord players 
and composers were the first in Europe, is adapt- 
able to the modern instrument. The music of 
the French Couperin of a century later (1700) is 
a rich storehouse of dainty keyboard pieces, 
while his contemporaries, the Italian Scarlatti 
and the German Bach, are used at this day as 
pianoforte classics. 

Grading our Teaching Material. Tn 

grading music, moreover, for teaching purposes 
we do not take it chronologically. On the con- 
trary, we should start with the music that is easily 
understood at the present day, and gradually 
learn to appreciate the idiom of the more difficult, 
because more remob^, classics. And here, again, 
it is wise to begin with the music of dementi, 
who lived a century later (1800) than Couperin, 
dementi’s music helps to form good keyboard 
habits, lying easily as it docs to the hand, and 
affording a rich supply of pleasant material for 
the practice of scale passages and broken chords 
and the like, and containing nothing eccentric. 
It is not, however, very exliilarating musically, 
and the young student must have this sort of fare 
interlarded with bits from the modern romantic 
school — Schumann’s “ Jugend Album,” Tschai- 
kowsky’s “ Jugend Album,” Grieg’s “ Lyric 
Pieces,” Jensen’s ” Wander bildcr,” and the like. 
Easy duet j)laying should be begun as soon as 
possible, and if Mrs. Curwen’s method be used 
for beginners — which can be highly recommended 
— the elementary duets in it will be found to 
open an easy door to tluj delightful world of 
“ ensemble ” playing. The study of the really 
great masters of pianoforte literature — Bach, 
Chopin, and Beethoven — must not be entered on 
too soon ; Schumann’s bigger works, his ” Papil- 
lons,” Novelettes,” “ Fantasie-stucke,” etc., 
should also be left to a fairly advanced stage. 
His music, on the whoh? — like that of Brahms — 
is not so well cakulated to lead the player into 
good tone production as Cliopin’s, although there 
are some works that prove the exception — for 
special purposes. 

Influence of Chopin. Chopin’s influence 
on the player’s technique is like that of Bellini’s 
on the singer’s. These both insensibly lead the 
student into the “ bel canto ” with its exquisite 
beauty of tone and pli rasing. One may say 
that, as a rule, the student should study the 
beautiful before the characteristic. 

Mendelssohn’s “ Songs without Words ” are 
dainty little tone pictures suitable to lead up to 
more solid fare, and a useful graded edition of 
them is Germer’s, where you will find them in 


the order of difficulty. Easy and graceful salon 
music, such as Durand’s waltzes and Godard’s, 
Schuloffis, and Chaminado’s pieces, should not 
be neglected, especially in the pianist’s early 
stages, as they are suggestive as to colouring, 
rhy th m, etc. Nei ther should wal tzes be tabooed, 
as they teach much in a simple way in the 
matter of good phrasing and good melody work, 
and, again, rhythmical feeling. An excellent 
introduction to Chopin’s Nocturnes will be 
found in some of Field’s ; and the knowledge of 
the fact that the French Pole began his noc- 
turne writing in imitation of the Irish pianist 
composer makes the comparative study of the 
two interesting. 

Introduction to Study of Bach. The 

best introduction to Bach is Bach. Use his 
little preludes and his two - part and three- 
part “ Inventions ” sandwiched with the easy 
gavottes, etc., from the suites ; but the study of 
Bach should be preceded by a good course of 
Scarlatti. As we have said, in the earlier 
stages use the lighter works of the classical 
school — some of Kuhlau’s sonatinas can be 
recommended — but do not omit to couple tliese 
with short romantic pieces. 

Beethoven stands as the dividing line l)ctween 
the purely classical and the ultra-romantic 
schools. The great classicists before him were 
Haydn and Mozart ; the great romanticists 
after him were Schumann, Chopin, and Liszt. 
The latter almost completely changed the stylo 
of pianoforte playing, but they themselves 
were grounded in the older classical school. 
Liszt, the -greatest pianist of the nineteenth 
century, was a direct pupil of Czerny, whose 
pupils we all are, in an indirect way, through the 
practice of his famous studies. 

It is reported, by the way, that the master 
wrote these studies standing at a desk in his 
teaching-room, while his pupils played through 
what they had prepared for their lessons. 

Guides to Teaching Material. As a 
uide to the choice of teaching material of all 
inds, one should possess such a book as Esch- 
mann-Dumur's “ Guido du Jcune Pianiste,” 
which is a catalogue of the entire repertoire of 
pianoforte pieces and studies graded from the 
earliest stages up to the virtuoso summit. 

For the application of educational principles 
to the elementary teaching of music there is 
Mrs. Curwen’s Teacher’s Guide, in two grades, 
and for helps in teaching the elements of form 
and elucidating the emotional content one should 
consult such books as Carp6’s “ Phrasing ” 
(Novcllo), Ridley Prentice’s “ The Musician ” 
(a guide for pianoforte students in six grades), 
Knott's ” Elements of Music,” and Corderos 
“ New Morley.” If we buy our music (the 
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Standard works) as far as possible in Tolumes, 
we may thus form a library. The classics are 
cheap. Mendelssohn's comjOete pianoforte works, 
for instance, can be had in a beautiful edition for 
7s. 6d. A complete copy of Chopin's mazurkas, 
the very best ^tion — Bote and Bock — can bo 
had for 28., and so with all his works. Beethoven, 
Schubert, Schumann, can be had on like terms. 
But it is a mistake to buy miniature editions for 
study, as they are bad for the eyes, and hinder 
ease in playing. 

Sight Reading. As we advance we must 
patiently work at sight reading. In the elemen- 
tary stages we may use Kunz's “ Canons " 
(five-finger exercises in all keys), which can be 
used later as material for the practice of trans- 
positions. With a fellow enthusiast let us 
play four-hand arrangements, beginning with 
easy gavottes by Rameau, Lully, etc., and 
persevere till we can play the symphonies -of 
Haydn, Mozart, Schubert, Beethoven, and 
Schumann. 

Nothing is so good for sharpening our rhyth- 
mical sense, and for acquiring and keeping up 
the art of sight reading, as ensemble playing 
of any kind. We should play accompaniments 
to violinists and singers whenever we have the 
chance. Begin with easy things. The good 
accompanist is rare. Schumann said that 
accompanying was a test of the musician. 
Transposition, which h(V8 already been treated 
in the Self-Educator [see page 1013], should 
be studied, and for practising material we 
might get “ Warriner’s Transposition." In addi- 
tion to the sight reading of song accompaniments 
we should study the best of the art songs, and 
ask the co-oporation of singers. Such songs 
should not be approached merely from the 
singer’s point of view — pianists will learn much 
from them. 

The Modern Composers. There yet 
remains to be mentioned the pianoforte mu.sic 
of the latter half of the nineteenth century — 
tiiat of the German Brahms, of the Scottish- 
Norwegian Grieg, of the Bohemian Dvorak 
(whose original Wr-hand music, " Legenden " 
and “ Slavonic Dancep,” is of great value), 
of the Russians, Rubinstein, Tschaikowsky, 
Glazounow, Arensky, Rachmaninoff, Bhimen- 
fold, Scriabine, LiadofT, and others ; and that of 
the Parisian School — Saint-SaCns, C^sar Franck, 
Debussy, Ravel, Mozkowski, Chaminade, etc., 
of the Scottish-American Edward Macdowell, 
whose “American Wood Idylls,” “Sea Pieces,” 
“ Indian Idylls,” and the like, are charming 
ton© sketches of a light nature. The British 
composers since Stemdale Bennett, whose 
“ Intake,” “ Millstream,” and “ Fountain ” are 
alike poetic and pianistic, although they 
have occasionally written for the piano, have 
yet occupied themselves chiefly with cantatas, 
operas, apd orchestral work,. although mention 
must be made of Sir Alexander Mackenzie’s fine 
piaimforte concerto, the “Scottish,” a work 
of really high rank. The younger British 
compofi^rs are, however, writing extensively 
for the piano,' and among them there is not 
only great promise for the immediate futurop 
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but already brilliant achievement, m showm, for 
example, in the worka of York Boiiirm, Percy 
Grainger, Balfour Gardiner, Thom^ E. l^hill, 
and Betijamin Dale. 

Teaching* A few words now about teciohers 
and teaching. Much is required from the piano- 
forte teacher. He is expected to teach alike 
literature and public speaking, as it were ; 
he not only reads the classics with us, but 
trains us as dramatic reciters. Some teachers 
are strong on one side, some on the other, and 
some few are famed for both. Some try to 
make of the pupil a sound musician, some 
specialise in training for brilliance, some try to 
give technimie, some interpretation. The art 
of tone proauction, or touch, till recent times, 
was left largely to chance. The most far- 
famed teacher in Europe for the last thirty 
years has been the Pole Lesohetitzky, in Vienna. 
He is an old man and much in request ; it is not 
f'asy to get lessons from him ; but he has a 
great number of ‘‘preparers” who work with 
him, giving two or three lessons a week. Busoni 
is also among the greatest^ of living teachers. 
Great artists— performers such as D’ Albert, 
Paderewski, and others — sometimes give occa- 
sional lessons to artist pupils, but one goes to 
them for hints on style and interpretation, not 
for technical and systematic instruction. The 
Continental conservatoires are inexpensive — 
some of them, indeed, free — but although the 
small towns in which they are located offer 
advantages in the form of a musical atmosphere 
for the young student, tlie pianoforte teaching 
in some of Chem is based on out - of - date 
“ Methods,” and the lessons given are of little 
more than merely nominal duration ; so that 
the student finds it necessary in many cases 
to pay for additional private lessons outside 
the institution. 

Pianoforte Study in England. But, 
except for a perhaps cheaper and brighter 
life, there is no need for the ambitious pianoforte 
student to leave our own country ; and, indeed, 
except for the sake of gaining a wider and 
more varied experience at the end of his student 
days, before settling down to a teaching or 
performing career, it is foolish of him to leave 
our shores, since our own schools and private 
teachers are really far stronger than the Con- 
tinental piano teachers at present. The stu^nt 
must hear a great deal of good music ; it is 
one of the most important factors in his educa- 
tion. Much good music can be heard in London 
and the provinces, orchestral, solo, instrumental, 
and vocal; and all the great performers visit us ' 
periodically. The pianoforte student must not 
neglect opera either, since much pianoforte . 
music, many of Beethoven’s sonatas and 
Chopin’s compositions, for example, pre-suppose 
an acquaintance with dramatic diction, so to 
speak. The Royal Academy and the Royal 
College of Music can offer an all-round musical 
education second to none in Europe. For 
pianoforte playing we can nowhere get more 
satisfaction, more fruitful teaching, than at 
the Royal' Academy, of which one of the pror 
fessora baa sent out the most complete and . 
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scientific monograph on pianoforte touch and 
technique (in its widest sense) that. Europe or 
America has yet seen. We mean the author 
of “ The Act of Touch,” etc., so often quoted 
in these pages, Tobias Matthay, a London -born 
German, whpse interpretative teaching is as 
striking as his technical in its results. Students 
may enter the Royal Academy for one year, 
but three years is understood to bo a course. 
They may enter at any time, although the 
academic year begins in September. Fees are 
thirty-three guineas per annum. Alike at the 
Koy^ Academy and at the Royal College, 
there are a great number of scholarships which 
can be obtained by those sufficiently talento<l 
at competitions, the dates of which are duly 
announced. And, of course, private lessons 
may be obtained of all the teachers of these 
institutions, if the student does not wish to 
join one of these. 

Examinations. The professional certifi- 
cates obtainable are those of the R.A.M., the 
Metropolitan Examinations (T^icentiate), held 
in September and at Christinas, and tliosti of the 
R.C.M. (Associateship), held at Easter. It is 
now quite expected that young ))rofessionnl 
musicians should pass one of these examinations, 
and it is difficult to obtain positions at schools 
without them. These examinations are held in 
London only, at the institutions themselves, 
but for the purpose of holding examinations in 
the country the two institutions emubine, under 
the title of the Associated Board, and examina- 
tions in pianoforte playing are hold by it in the 
provinces, at local centres. Although these 
.examinations are not, strictly speaking, pro- 
fessional examinations, they are held in repute 
by musicians all over the country. 

As to the preparation for examinations, 
even if one feels oneself fit for the work, it is 
safer not to hurry. Wo should take two years, 
preparing the prescribed work for both. When 
the stuff (jomes out sUidij it carefully, make it 
our own, then lay it aside a little and take it 
up again to polish. Von Bidow said “ there 
never was a piece composed yet that had no 
difficulties.” Select difficult passages and work 
at them quietly and steadily ; know them 
intimately on* the keyboard and go over them 
always with concentrated attention. Then 
gradually work them in with the preceding 
and following bars until they are securely 
• built into the edifice. Then beware, for although 
practice means ihat we are getting our fingers 
to find their keys semi-automatically, yet tee 
mvM never let our playing get entirely automatic ; 
it then gets dead and goes from bad to worse. 
We must keep the rhythm alive, mil it every 
time we play, and quick movements will not 
then run away with us ; we shall have them in 
rein. 

Necessity for Regular Practice. Many 
students who succeed in playing a toccato- 
like movement fairly well at first, practise 
it iuto everything that is bad just because 
they do not attend to what they are playing, 
neither musically nor technically, and so 
the rhythmical grip is lost, and nothing then 


avails but to put the piece aside until such time 
as the mind can take it up afresh and give the 
needful vivid attention. 

To gain endurance we must practise regularly, 
but with breaks ; it is not wise to play more 
than two hours consecutively, and not even as 
long as this until we are well in training. Fre- 
quent quarters of an hour of tiring technical 
work suffice ; rest brain and nerve and muscle, then 
return to work. Begin as early in the day as 
possible, and take frequent intervals for healthy 
outdoor exercise. The amount of practice will 
count for nothing unless it is everij day begun 
well and kept on the right lines. We should 
begin with, and have frequent recourse to, the 
Daily Tests, quoted from Matthay’s “ Act of 
Touch ” and “ Relaxation Study.” 

The Student's Piano. Secure as good 
a piano as possible ; it is one of our best teachers, 
because of the wonderful variety of tone ob- 
tainable from it. It tempts one to paint with 
tone. Have a grand if possible. If we can 
afford only an upright (a cottage), we must get 
the best maker we can afford ; and if we cannot 
buy outriglit, all the good makers offer the three 
years’ system, which is better than hiring. 
The best makers are Bechstein, Steinway, 
Broad wood, Erard, and Blii timer, and some of 
the younger English linns arc also rising in 
public estimation. 

Performing and Memorising. Lastly, 
about performance. If we are amateurs we 
should try to play simple things to perfection, 
and should not attempt to perform to others 
things that pre^sent real difficulties to ourselves. 
Needless to say, we must memorise one or two 
short lyrics and keep them polished up ready for 
use. It will help greatly to memorise if we first 
analyse. Let us try it, say, for Grieg''s “ Ellin 
Dance ” from his first book of ** Lyric Pieces.” I’he 
simplicity of the material and frequent repetitions 
make it comparatively easy. It is in the key 
of E minor, and the first five chords— -all of them 
the chord of E minor save one— give the rhyth- 
mical germ of the whole. Note the deviation 
at the third chord from B and E. by contrary 
motion to C, printed in small typo. 



The following passage is again made out of the 
E minor chord, this time it is embroidered with 
passing notes : 



a### 


i 


Learn each of these little bits carefully and 
join them together. We shall not proceed 
further till we have absolutely mastered these 
two and their connection one ‘With another. 
Next follows a repetition of the opening chord 
motive, this time on B minor ^^sdd this to the 
other two. 
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Then note specially, in what follows, the little 
fairy horn motive for the left hand. 





This requires very careful study and practice, 
and we must always attend to it, hearing the 
horns mentally before playing the passage, and 
listening to make sure that the horn p^sage 
really tells through the upper accompaniment. 
And now the whole thing is repeated. Then 
comes again the five-beat motive, very easy to 
remember this time, for it is in single notes, 
forming octaves between the two hands. . 


J J 




^ ^ 

In the next passage observe that there are 
two persistently recurring notes, A Jt in the right 
liana and f he left, while the moving notes 

E, F, G, and G, F, E, are just the reverse each 
of the other. 



This fairy-tripping measure, after a repetition 
of the 'five elephantine footsteps, is again hoard, 
although in the notation picture the A Jf appears 
now as Bb. Then follows an exact imitation 
of this a minor third higher, and still another and 
a higher, but this time not an exact imitation, 
for the bass here moves in similar^ not contrary, 
motion to the other moving part. 
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The second of this pair of bars is re-echoed in 
the two bars that follow, the only fresh idea being 
the suspension of the E over the D Jf, thus ; 







And now all is repetition da capo, till we reaoh 
the last line, the coda, the tail-piece, wldch 
eist^ sudden^ after the latter part of our 


second motive, imita^ng re-eohomg it thus 
with a dying fall 


4 , r ctr 1 1 .rT:r? 


Chord A, 




^ Chord of F. 

1 - 

Chord of B. 

Wi L. ! 
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This re-echoing is based upon a series of 
chords, each introduced by a passing note half 
a tone below a note of the chord — these passing 
notes are printed in smaller type. Now we close 
with the opening chord motive, lengthened by 
two additional throbs, and note here again how 
simply variety in unity has been obtained — unity 
and variety have been said to be the keys to 
beauty — by simple deviations in contrary motion 



It concludes with those two dainty little elfin 
screeches on the chord of E minor with expressive 
interloping half-tone-below passing notes — DJf. 

If we have never memorised before, we should 
try this, taking it quietly, persoveringly, in- 
telligently, imaginatively, and — ^provided wo do 
not let the mind wander — success is sure. 

Nervousness. Most artists suffer from 
nervousness. If we could think more of com- 
poser and composition and less of ourselves we 
might get rid of it. As Matthay has pointed out, 
if only you succeed in really listening while you 
play, and realise that your audience is listening 
also to the wiwic, and therefore not to you per- 
sonally, that moment all nervousness disappears 
as if by magic. Practising clubs are useful. 
As members we may learn to play before others, 
which we should take every opportunity ol 
doing. The key resistance varies on different 
instruments. It is well to be able to prelude 
that we may test this resistance sufficiently on 
a strange piano before beginning serious per- 
formance. We should practise preluding on 
series of chords and dare to improvise. If , 
we persevere in this as in all em, what is 
exceedingly difficult to do at first becomes’ 
automatically easy in coarse of time» tiU wp 
forget that we ever had to learn. 

KENNEDY-FEASER 
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A SHORT DICTIONARY OF TERMS IN MUSIC 


*ABKNDLIKI>^An evonitig song. 

Aeoelerando—Moro and more quickly. 

Aeciaeeatupa'-A short grace note (see 
text). 

AdaglO—Ioisurely, deliberately. 

Ad Libitum — At the performer’s 
pleasure as to time. 

A^tato-~lo an agitated style. 

AUa BP6Va<-*The time with two minims 
in a bar; seldom used in modern 
music. 

Alla Cappella"-In the church style. 

Alla Mapcla—In march style. 

AlIefirrettO'—Light and cheerful ; not 
so fast as Allegro. 

AllegPO—LIvely, briskly ; in a gay and 
merry way. 

Allemande— A Oeman dance tune in 
triple time. 

A1 Segno^To the sign (see text). 

Alt-rAll notes In the octave above G in 
top space of treblc-clef are said to be 
m alt, 

AmoPe. Con — With tenderness. 

Andante — Literally, going, walking; 
going easily, fluently, moving on. 

Andantino— Slower than Andante. 

Animato— Animated, usually as to 
speed. 

Anthem — A sacred composition for 
voices, words usually Scriptural. 

Appassionato— Inipassiuned, with feel* 


IJJK. 

Appoggiat ura— A grace note (see t ext). 
Appeggio— Notes of a chord played in 
succession (see text). 

Assal— Very, as A llegroasmi, very <|uick. 

A tempo— lu rtnie. 

Attacca— Attack ; without patising. 
Aubade— A morning song. 


BAQATELLE—A trifle ; a short easy 
piece. 

Barcarolle— A song or composliion in, 
imitation of the Venetian gondoliei-s. 

Ben— Well ; as Brn Marcato^ well 
marked. 

Berceuse— A cradle song, a lullaby. 

Bis— Twice (see Text). 

Bolero— A Spanish dance in triple time. 

Bourrde— An old French dance In Iriido 
time. 


OADENZA— An ornamental passage, 
often improvised at the close of a 
c<jmpositton. 

Calando— Literally, falling away ; gra- 
dually softer and slower. 

Canon— A composition in two or more 
parts in which the parts continually 
imitate each other. 

Can labile— In a si ngl ng, melodiou s sty I e. 

Cantata — A choral composition of 
several movements, with solos, A'c. 

Canzonet — A piece, vocal or instru- 
mental, of a flowing character. 

CapplcclOSO— Capriciously, us to time. 

Catch— A humorous V(;cal piece for 
several voices. 

Cavatina— A graceful, simple air. 

Coda— Tail ; the end. < 

Con— With. Con With affec- 

tion, lovingly. Con Anima — With 
soul, in a feeling manner. Con Brio— 
With animation. Cm Witli 

Are. Con — With Expres- 

ilon. On With movement, 

don Sjpmfo— With spirit. Con Sordini 
With dampers (piano); i.e. without 
pedal. 

Cpescendo— Gradually louder. 


DA CAPO (DbO.)— From the be- 
(dnning. 

Deerescendo— Gradually softer. 
Diminuendo— Decreasing as to tone. 
Dolce— Sweetly, gently. 

Doloposo— Dolorously, with an expres- 
sion of pain. 

Due Corde— Literally, two strings. 
The soft pedal (piano) to be released. 


ENHARMONIC-Simllar in pitch, but 
dliSerlog in naxae, aa Gil and Ath 


Ensemble— Together ; emeniMe play- 
ing, concerted playing. 

Espresslvo— Expressively. 

Etude— A study ; an exercise. 

Extemporise— To create music on the 
inspiration of tlie moment. 

FALBETTO— Head or feigned voice as 
opposed to natural or chest v<^ico. 

Faniare— A trumpet tune ; a flourish 
of trumpets. 

Fantasia— A composition in free, fanci- 
ful style. 

Fine— The end ; used after a repeat (see 
text). 

Forte, Fortissimo (/,/>-Loud ; very 
loud. 

Forza, Con— With force. 

Fugue— A composition in which parts 
do not alL begin at once, hut, as it 
were, follow each other successively. 

GAMUT— Old term for the scale. 

Gavotte— A lively dance of Frencli# 
origin, popular in seventeenth and 
cMghteeiith centuries. 

Glocoso— Humorously, Jocosely. 

Giojoso— Joyous, cheerful. 

GlustO— Just, strict, as Tempo Ohutto, in 
strict time. 

Glee— A composition for voices, peculiar 
to England. 

Glissando — ^Tho playing of several rapid 
scale notes successively, liy sliding one 
Anger along the wliitc keys of the 
piano, instead of separately lingering 
each note. 

Gondolled— A gondolier song. 

Grandloso— G randly. 

Grave— Gravely, solemnly. 

Grazioso, Con grazia— Gracefully. 

HORNPIPE— All old English danco. 

IMITATION— A species of fngue where 
the parts imitate each other, 

Impetuoso— Impetuously. 

Impromptu — Extempore, unproinedl- 
tated ; a piece like an improvisation. 

Intermezzo — Literally, intermediate ; 
liitHKlucod liotween acts of an opera, Ac. 

Introit — A short anthem preceding the 
service of the Roman Cathollo Churcli, 


LANQSAM-^lowly. 

Larghetto— Rather slow, in a broad 
style. 

Largo— Slow and solemn. 

Legato-- Sm<M>th, connected. 

Leggiere— Easily, lightly, delicately. 

Lento— Slow. 

Lied— German term for a simple song. 

L* istesso tempo— The same lime ; used 
where a change of time-signature 
oc<,’urs, to indicate that the length of 
the beat remains the same though 
represented by a different kind of note. 

Loco — The iilaco : after Sfw, to point out 
that the music is to be rendered in its 
proper octave, as written. 


MA— But ; ns Vivace ma non troppOf 
lively, but not too much so. 

Madrigal— An miaccompanled part song 

Maestoso— With majesty or dignity. 

Mano Destra (M.D.)— The right hand. 
Maiw SiniMtra (Jf. •!?.), the left hand. 

MareatO— Marked, emphatic. 

Marziale— In martial stylo. 

Mazurka — ^APollah dance, In triple time. 

Meno— Less, os Meno allegro, less lively. 

Mezzo— Medium, as Mezzo t'urte, iiuKie- 
rately loud. 

Minuet— An old French danco, in triple 
time. 

Moderate— Moderate, as to pace. 

Molto— Much, very, as MoUo allegro, 

ilorcleiitel^A little note before a princi- 
pal note to give it point, iw thus— ^ 



Morendo — Dying away ; gi*adually 
diminishing the tone. 

MOSSO — Moved, as FH'Oi mosso, more 
moved, quicker. 

Moto— Movement, motion (see Con 
muto), 

NOCTURNE— A composition of light 
and elegant character. 

Non— Not ; Non troppo, not too much. 

OBBLIQATO— Indispensable ; a part 
or accompaniment of esseutiah im- 
portance. 

Octet— A composition for eight instru- 
ments or voices. 

Op. (for Opus or Opera)— A work ; used 
to Indicate the niimbor of a composition 
in the uixier of Its composer's works. 

PA8TORAL— A simple air, !n « i'bne, 
of a rustic character. 

Fed.— The sustaining, usually called the 
loud, pedal of the piano. 

Perdendosl — Losing in sound, growing 
softer. 

Pesante— Heavily, imprcBsi vel y. 

Piano (p>— Softly.— Pianissimo (pp)— 

Very softly. 

PlCi— More, as PiU allegro, more lively. 

Plalnsong— 'Die most ancient kind of 
ecclesiaHtlcal music. 

Poco— A little, as Poco a poco, little by 
little.* 

Polonaise — ^Tlio Pollsli national dance, 
in triple time. 

Pom poso— Pompon sly. 

Portamento— Gliding from note to 
note in singing. 

Presto— Fast. Prestissimo— Very fast. 

QUASI— Like, in the stylo of, as An- 
dante rjuani allegretto, Andante In the 
stylo of allegretto. 

Quintet— A composition in five parts. 

RALLBNTANDO -Gradually slower. 

Recitative— Musical declamation. 

Rhapsody— Acomposition In a free stylo. 

Rlsoluto— In a resolute manner. 

Ritardando, Rltenuto— Rt^tarding the 
speed. 

Rubato— Literally, robbed : Tempo 
Rubato, a slight deviation to give 
more expression by rctaiiling at one 
place and quickening at another; not 
in strict time. 

BOH ERZAN DO-Playfully. 

Scherzo— A lively, playful piece. 

Sempre— Always, as Semjme staccaro 
always staccato. 

Senza— Without. 

Senza Sordini— Without damper? 

(piano), ?.t'. with pedni. 

Sforzando. Siorzato (Sf.>— Forced, 
with great emphjials. 

Smorzando— Gradually fading away. 

Sostenuto— •Sustained. 

Sotto Voce— In a subdued tone. 

Staccato — Short, detached (see text). 

Strlngendo— Hurrying on the speed. 

Syncopation— Irregular or cross ac- 
cents ; binding the last note of a bar 
to the flrst note of the next ; accented 
notes occurring in the unaccented part 
of a bar (see text : Counterpoint), 

TARANTELLA— A Neapolitan dance 
In J timer 

Tempo— Time. Tempo Primo — the 
original patte (after Rallcntando, etc.). 

Tenuto (Ton,)— Hold for the hill time*. 

Tremolo— Trembling ; the rapid alter- 
iitttiou of notes to produce a trembling 
effect 

UNA GORDA— One string; i,c, with 
the soft pedal. 

VELOOE— Rapidly, swiftly. 

Vibrato— With much vibration of tone. 

Vivace— Lively,' vivacious. 

Vdtl Sublto (V.S,)— Turn o^er quickly. 
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GROUP 18-MANUFAaUR£S ' THE WORKSHOP OF THE WORLD-CHAPTER 14 

The Processes ivhlch Cotton Yarn Underfoeo* 

Doubling. Making Fancy Yarns. Conditioning. 

TREATMENT OF COTTON YARN 


E work of tho cottou-spinner proper ends 
with the prodaotion of yam of single strand. 
The yam is a ooniplete article fit for weaving, and 
most of it is woven in the single state. However, 
stTigle yarn is not tho best for all purposes, and 
80, with a view to increasing the strength and 
elasticity, much of it is doumed., or made into a 
compound thread of two strands or more. 
Doubling is carried on in sonic mills as an adjun<?t 
to spinning, but it is largely a separate trade 
conducted by doublers, who wbrk at a fixed 
commission per pound of yam, paid by the 
owners of the material ; or by others who buy 
singles in the open market as principals, and sell 
the doubled pr^uct to consumers in the w'cav- 
ing, knitting, laoe^making, and other trades. 

We have seen that in spinning two operations 
are carried on upon one machine. The slackly 
twisted roving is drajted down to a finer diameter 
and a tighter twist is imparted to the yarn. Tho 
twist inserted in spinning is counted in turns pta' 
inch, and more turns are given to twid, or warp 
yarn, than to weft. In doubling these single 
yams there is no question of drifting. The 
operation aims only at combining two or more 
threads into one with such a number of turns per 
inch as may be demanded by tho puqxise in 
view. The machines used resemble those used 
for spinning, and may bo regarded as spinning' 
machines destitute of drafting rollers. 

The Twiner. The twirvefy an intermittent 
machine used principally to produce a full and 
elastic form of two-fold yarn, is the brother of the 
mule. It is fed not with rovings contained on 
bobbins, but with yam spun upon mule co/>«, or 
ring bobbins. Two types of twiner arc in common 
use, and that most generally employed is known 
as English, In this machine the twisting spindles 
are sot upon a stationary frame, and tho creid 
containing the single yam runs to and from this 
rail Tho place of the drafting rollers is occupied 
by a device which opens to allow yam to be un- 
wound while the carriage is running outward, 
and closes to prevent unwinding when the 
carriage is on the inward run and the spindles 
are putting in tho twist. The faller and counter- 
faller wires for taking up the slack and guiding 
the yam to the spinme are the same as those of 
the spinning- mule. 

In what is called the French twiner the crec^l 
rests stationary,- and the spindles travel out- 
ward, tho details otherwise remaining tho same. 
In either case the effect is first to draw out 
straight the two threads or more that are to bo 
oompoui^ed together, and then to supply the 
requisite twist. Each twiner carries a large 
arrky of spindles, the number being regulated by 
the amount of floor-space that is available for the 
maehlue. 

, •»- 


Ring Doubling-Frame. Doubling is also 
done upon continuous machines, and most laigely 
upon the ring donUing-Jrame [1]. The bobbins of 
single yarn are mounted upon skewers set cither 
horizontally or vertically above the rollers and 
spindles. The threads to be doubled together are 
1^ through one pair of delivery rollers, and, after 
passing around guides, are wound together upon 
an upright spindle. The spindles are enclosed by 
flanged steel rings set within a rail, and around 
this ring slides tho traveller. Doubling travellers 
are not the C-shaped pieced of wire used in 
spinning, but are ear-shaped. In doubling thick 
yarns heavier travellers are used than in dealing 
with light ones, and their function is to exert a 
light diag, sufficient to guide tho yam, and to 
ensure winding on. Like the ring spinning-frame 
the ring-doubler works at high speeds. 

The ^yer principle is used in doubling, and it 
gives results excellent from the point of view of 
uniformity of twist and smoothness of yam. Tho 
flyer frame, however, is unsuited for high speeds, 
and its principal employment is for doubling very 
heavy and hard-twisted yam. 

The Process of Doubling. Doubling 
is done either dry or wety the diy process provid- 
ing a less smooth yarn than tho wot one. Loose, 
unbound ends of fibre start out from the yam in 
the course of its passage through the air, and tho 
effect of passing the threads through water is to 
lay these protruding ends flat, and to turn out a 
less hairy thread. 

The devices for wetting tho yam in course 
of doubling are various. In doubling on tho 
twiner, the singles are often steamed before being 
placed upon the creel ; the yarn is passed through 
a water-trough and over a wetted, flannel-covered 
tension- board. In wet-doubling on tho ring or 
flyer-frame tho singles are led, in the English 
system, under a glass rod placed under water in 
a short trough, and from thence into the dcliveiy 
rollers. In tho Scotch system tho lower of tlie 
pair of delivery rollers revolves in contact with 
water contained in a shallow trough, and the 
yam passes beneath the lower roller, and then 
between the two. This method, which is used 
chiefly in doubling yam to make sewing-thread, 
is preferred as giving a more thorough saturation. 

How Faults are Avoided. Singles oom- 
ing straight from the spinning-machine carry a 
greater or less number of imperfections. There 
may bo untidy knots or snarls or sltdfSy and iii 
doubling yams for the more exacting purposes it 
is desirable to eliminate these imperfections It 
may bo necessary also to avoid what are called 
single pkteesy or intervals of single yam oocurring 
in a doubled thread. With these objects, yam 
is sometimes doubler-wound before proceeding 
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1 ho frame that does the twisting. Bnds are taken 
; I'om two or more bobbins and wound upon other 
I bobbins or tubes^ where they are laid together 
licit juid side^ by side with no twisting. The 
( ledfinff of thick places is effected ordinarily by 
] unning the yarn through a slit or series of slits 
ill a metal plate. The openings are adjustable, 
and are set closely enough to catch and hold any 
lump or clumsy knots. The obstruction is 
removed by the operative, a neat knot is sub- 
stituted, and the process of winding is continued. 

The Winder and Ita Work. The winders 
used in laying threads together in readiness for 
twisting lay them crosswise upon a pasteboard 
tube. The most common type is the split drum 
winder [2], in which the thres^s to be wound to‘ 
gother are led through the diagonal cleft in a drum 
or cylinder. The drum is s<it horizontally, and 
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head Is brought to a stand in the event of the 
breakage of a thread. The tax on the vigilance 
of operatives has been considerably reduced by 
the general introduction of stop-motions. 

Gaaaing the Fibre. Projecting fibres dull 
the lustre of yams that are intend^ to look 
bright, and they roughen the surface of sewing- 
threads and impede their passage through the eye 
of the needle. When these projections have to bo 
entirely removed, the yam is gaaseji or singed by 
a passage through a succession of flames at such 
a speed that the loose fibres are burnt away, 
leaving the main body of the thread uninjured. 
Gassing may take place either before or after 
doubling, and in course of the winding of yam 
from large bobbins on to pasteboard tubes. The 
flame is a mixture of gas and air, mixed under 
the best system in definite proportions, and 



1 . RING DOUBLER FOR WET OR DRY WORK 
From a photograph by courtesy of Messrs. Platt Bros. 


driven at the same speed as the liobbin, with the 
result that the yujcii is distributed r^ularly in 
crosses from end to end of the tube. The simple 
split drum is used for coarse yam, but owing to 
the irrregulanty of the tension at different points 
of the traverse the motion is not adapted for 
final* yarn. The defect is remedied by the 
insertion of a cam within the drum, and this cam 
in changing its position maintains a surface 
on which the threads can rest under uniform 
tension. Much ingenuity has been expended 
upon making winders to lay a maximum of thread 
in a minimum of room, and lay them in an orderly 
matmer and at a high rate of speed without 
n^ng their fibres. Most of the new machines 
give a traverse to the thread through thread- 
smidteB of which the motion is governed by came. 
Dne imp^rovement has made each winding head 
ihd^kdent* so that only one 


supplied to the burners oy means of mechanical 
blowers. The flames may be open and set in the 
horizontal plane, but in the best approved typo 
the burners are enclosed in vertical tubes, in 
the latter ease fumes and fluff are disposed of 
without escape into the aif of the room. The 
furthiT course of the yam depends entirely upon 
the use to which it is to be put ; but before pur- 
suing that side of the subject, it will be con- 
venient to deal with some of the details of 
doubling and twisting. 

Formulae for Doubling and Twisting. 

A certain relationship between spinning twist and 
doublipg twist is observed. There are formulae in 
use by which the amount of twist is regulated. 
The square root of the count of the yam is mul- 
tiplied by a constant by the spinner, and this con- 
stant varies with the class of raw cotton used, and 
with the machine (mule or ring) and the purpose 
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(warp or weft). In the same way the doubler bases 
himself upon square root of the count of the resultant 
doubled yard and multiplies it, according to the 
circumstances, by a constant as low as 3 for soft 
twist, or as high as 7 for extra hard twist. In the 
nature of the case a very much opener twist is 
wanted for knittii^ yarn than for the tight- twisted 
yam used for making lace. 

The operation is spoken of as “ doubling,*' irro- 
spootive of the number of ends that are being com- 
bined into one, but in prac^tico it is unusual to join 
more than throe together at one passage through 
the doubling-frame. When four-fold is wanted 
two ends of two-fold are redoubled ; and in making 
six-cord for sewing-cotton three ends of two-fold or 
two ends of throe-fold yarn are twisted into one. 
The operation of twisting is not always pt*rformed 
purely to lend strength. Single yarns of contrasting 
colour are often doubled together for the sake of 
effect, one thread, or both, having been dyed first. 

Winding Yarns into HanKs. It is not im- 
possible in those days to dye cotton yarns without 
unwinding them from the cop. Good results are 
obtained from the use of suction dyeing-machines, 
but it remam.s necessary to wind yarn into hanks 
for bleaching purposes. Thus, when yarn has boon 
doubled and wound upon bobbins or upon the cross- 
wound tubes called cheeses^ much has to bo trans- 
formed into hanks upon the machine red. The 
bobbins or cheeses are placed u])on pegs on a shelf 
towards the top of the machine. The yarn is led 
through the eyes of guide arms and wrapped round 
the arms of a revolving SH'iJ't. 

The swift i.s a kind of skeleton wheel, with six 
spokes carrying rails or ryces^ having a circumference 
of 54 inches. The machine is of a considerable 
length, to carry a large number of bobbins, and its 
swift, of some foot in length, is set hoiizoiitally, and 
its rotation wraps the yarn into hanks or largo 
skeins. The reel is fitted with a mechanical counter, 
and a moving finger shows the number of revolutions 
upon a dial. In order to release the hanks with 
ease, one or more of the rails is made to fold 
collapse at will. Motions are imparted to the reel 
so that the skeins can be diagonally wound if re- 
quired, and so that the thread is distributed equally 
in leas of 120 yards. Eighty revolutions wind one 
lea, and seven leas (840 yards) constitute one hank. 
The hank having been reeled, the ends of the yarn 
are secured, and a lease thread is inserted b.otween the 
leas and tied to hold the whole together. 

Placing and Knotting Yarn. Grey yarn 
in the hank sometimes recoive.s a final operation, 
known as preparing^ and designed to improve its 
lustre. The hank is hung over a pair of rollers, of 
whi(^h one is weighted to apply tension. The rota- 
tion of these rollers carries the hank round and 
round, and two other rollers are brought to boar 
upon the upper surface of the yarn, which is 
stretched and pressed simultaneously, a small 
amount of grease being applied to heighten the 
glaze. 

The hanks arc ready next for knotting, an 
operation done by slipping one end over a hanking 
peg, attached to a wall or bench, and twisting or 
growing the other end by the aid of a hanking pin, 
twisting being suitably firm, tho hank is folded 
in the middle, and one end is tucked through to hold 
the knot neatly together. Tho knots are placed 
together in a bundling-piooe, where they are com- 
pressed and tied with string into bundles of ten 
pounds *e^h. Wrapped in paper and tied with an 
outer string, they aio ready for packing for ship- 
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ment. Tho number knots in a bundle denotes 
<count of the yam, and in a bundle of two-fold 40s 
there are twenty hanks packed in neat layers. Less 
trouble is taken in making ready hank yams for 
home consumption, wliich are delivered as a general 
rale in long bundles. 

Trade Standards. The Manchester Yam 
Gontroct rules, ^framed by representative spinners, 
manufacturers, and merchants, assert that a ton 
pound pressed bundle shall contain not loss than 
9 lb. 14 oz. of yarn. They lay it down also that, in 
the case of warps, the actual or scale weight sWu 
not vary from tlio theoretical or calculation weight 
by more than 1 per cent. Tho narrowness of tho 
margins shows with what exactitude spinners and 
doublers are required to work in bringing raw cotton 
up to the stage of finished yarn. False reeling, or. 
in other words, the giving of short measure by 
reeling in hanks of loss than 840 yards, is still 
ractised by some rivals whose competition has to 
o mot in neutral markets by British exporters. In 
this country the offence is heavily punishable under 
the Merchandise* Marks Act, and certain prosecu- 
tions undertaken in the past had a salutary effect in 
restraining a practice mischievous to sound trading. 

MaKing Fancy Yarns. The class of doub- 
ling hitherto demit with is that which aims at tho 
manufacture of a smooth and uniformly cylindrical 
yarn. Tho object is achieved by twisting together 
singles of a similar size, and using machines geared 
harmoniously to deliver equal quantities of each to 
the spindles. If, by accident, too much of One com- 
ponent bo delivered at a time, tho result is a fault in 
the doubled yarn. J^ut there is a minor department 
of fancy spinning which has the production of 
designedly irregular threads for its object. Tho end 
can be acniovod, in a rough way, simifiy by knocking 
out cogs from tho gear-wheels controlling tho 
dolivoring rollers in a ring or flyer frame. However, 
fancy twisters are supplied with a variety of eccentric 
wheels and wheels with irregular cog- teeth pur- 
posely to produce irregiilaritios rhythmically, and 
tho effects obtained upon thorn vary with tho 
materials as well as with tho sotting of tho gears. A 
soft roving is sometimes twisted with a spun single 
thread with a view to the production of spiral or 
slub effects Again, similar cotton singles are 
doubled together to make yam in which one thread 
rides upon another in a series of small loops. 

Fancy yarn-making is not limited to tho use of 
doubling machinery. Irregular yarns can be made 
by setting tho cylinders of a carding- engine so that 
they roll the fibre between the two seta of wire teeth 
into little lumps known as knops or neps. When 
nepped is mixed with plain sliver the yarn contains 
those lumps at somewhat irregular distances, and 
they lend a broken surface to tho cloth into which 
tho yam is woven. Fancy yarns are by no means 
always made of cotton alone, nor are tliey all em- 
ployed in making cloths described as cottons. In 
many instances cotton forms no more than the 
binding thread, the main feature being worsted 
mohair, silk, artificial silk, or tinsel. 

Splicing and Knotting. At tho other end 
of the scale from tho rough-surfaced fancy yarns are 
the so-called knotlesa yarns, used principally for 
making fine nets, laces, and curtains. In those 
goods any knot made in joining two ends of thread 
together appears as a blemish, and the ends have 
to be joined without knot. The two-fold or three- 
fold yam used for those purposes is passed through 
the slits of a clearer plate in course of winding 
one bobbin to another. When the yarn is stcy^ii^ 
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by the detection of a knot, the two bobbins are processes, and still more the high temperature of 

taken by the girl to a piecing-imehine fixed on an spinning-rooms, tend to rob cotton of the moisture it 

adjacent bench. The machine has two hand-whe^, originally contained, and also of the proportion of 

by turning which two mandrels ate rotated. Slits moisture that has been sanctioned by trade custom, 

m the end of these mandrels receive and hold the In correct condition 100 parts of cotton should 

lengths of yam that are to be spliced together, and contain 92*17 parts of bone-dry fibre and 7*83 of 

the ends are held also by the slit in a peg set midway. water ; in other words, a ten-pound bundle ought to 

The wheels are turned in the reqifeired direction to contain some 9 lb. 3J oz. of perfectly dry yarn. On 

undo the doublers* twist, and when the single strands coming from the machines yarn is not dry in the 

have been disengaged they are cut, brought to- strictest sense of the word. In the experience of the 

gethcr, and ^twisted by turning the wheels to Manchester Testing House, yam fresh from the 
restore the tmst. Skillc^ girl-pieccrs make a splice spindles has been found, when dried in^^n oven, to 
that is invisible upon inspection. contain proportions of water varying from 3 to 7J 

In all yarn-winding operations there are knots to per cent. The object of conditioning is to bring uj> 
be made in joining broken yarns together, and good the proportion of moisture to the permissible limit, 

knots tan be made quickly by expert winders by Conditioning is done in various ways, and collars 
hand. Bad knots, with long and unequal ends, are for the purpose exist in most cotton-mills.. An 

an exasperation, for the loose ends engage with othei elementaiy method is to stoie the yarn upon wet 

threads, and give trouble upon the machmes. Hand bricks, or to allow it to lie overnight between wet 

knotting has been almost superseded by mechanical sheet Yarn on tight- wound oops is sometimes 

knottors made for wear upcii the hand. In the plunged into a tank for an instant, and then spread 

Barber knotter theio is an adjustable shackle, into in cages in an airy room, to allow excess moisture to 

which the palm of the left hand is introduced. The dissipate itself, and so to equalise the moisture 
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From a rljotogiaph by courtesy of Messrs. William Wbiteley A Sens, T.til. 


left hand is used to take hold of the boiibin contain- throughout. There aio ventilating and humidi- 

ing one of the ends of yam to be tied, and with tho fymg arrang(*ments for moistening the air iff the 

right hand both ends ot yarn aro passed over a cellars in which yarn is stored before delivery. In 

guide forming part of the appaiaius. The threads one of those 8ysti*ms fresh air and steam are both 

being in position, the operative simply depresses a blown into a long, shallow Hater trough, covered 

lever with tho left thumb, and thereby sets in motion with a lid, m which there are diffusers to allow the 

sliding pieces of motal which tie a knot and trim off vapour to spicad thioughout tho chamber, 

its ends in one operation. Tho process is quick, it Conditioning Machines. Again, thcro 
is done witnoiit removing the bobbin from the aie enclosed machine^ in which the water vapour is 

machine, the knots are firm, close-cut, and all alike. carried through and over the material by tho action 

Conditioning Yam. Before passing into of fans ; and others in which the yam, while lying 

consumption most cotton yam receives a treatment upon wire trays, is slowly nmved about in steam, 

known as condUioningf in course of which its weight In one typo of conditioning machine the yam is 
is increased by an addition of water. The process is fed upon a travelling apron, and led under sprays 

not to be confused with that of wet-doublmg, for through which water is forced unden pressure. The 

ordinarily the yam loses all tho water that is gained yam is automatically turned over during its 

in the trough, The justification for adding artificial passage, and the percentage of water supplied can be 

condition to cotton yam lies in the foot that cotton vaiied by a change of wheels, 

is by nature hygroscopic, and absolutely dry cotton Tho process of adding condition is unobjection- 
cm expewure to the atmo^ere takes up water able so long as it is not used to increase the weight 

Jxgm tie air. Haw cotton contains moisture, and is, of yam by more than the recognised allowance. 

mBSIa (^ten watered with a hose by the cotton- Cotton yam is stronger when moist than when 
9^^111. America^ ISgy^ and India. The blowing dry, and is easier to handle, J. A. HHNXKR 
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Identification of Minerals by Appearance, Properties, and 
Chemical Composition. Ciystals. Classification of Minerals. 


HOW TO KNOW MINERALS 


shall first consider the mineral% which are 
^ the chief constituents of the earth’s chist, 
and shall then pass on to inquire how, and under 
what conditions, they have given birth to the 
rocks whicl^ build up the earth’s surface. Two 
definitions may be given here, but it must be 
noted that they do not bear the weight of 
definitions in chemistry and physics. 

A mineral is a naturally formed non-living 
substance which is composed of one or more 
chemical substances, and has certain definite 
physical properties by which it may at all times 
DO recognised. 

A rock is “ a mass of matter composed of one 
or more simple minerals, having usually a 
variable chemical composition, without neces- 
sarily symmetrical external form, and ranging in 
cohesion from mere loose d<^bris up to the most 
compact stone.” (Geikie.) 

Examples of familiar minerals are diamond, 
iron pyrites, quartz or rock-crystal, calcite or 
Iceland spar, common salt, mica. All con- 
stituents of the t'arih’s crust are known as rocks, 
in the geological sense, when they occur in 
mass. Mud, sand, and loam are rocks, as arc 
granite, lava, sandstone, limestone, and coal. 
Wo begin with an account of the chief rocA*- 
fortning minerals, and the elements which 
compose them. 

Chief Elements which form 
Minerals. The earth’s crust is composed 
of a number of elemev.ts, or bodies, which cannot 
as yet bo analysed into simpler substances [see 
page 842]. Most of these ar<^ found in the sun 
and other stars, as is obvious from the n(*bular 
theory, which presu])poses a common origin for 
bodies which form part of our system, or, indeed, 
of our universe. Tlio larger number of these 
elements, however, play so small a part in the 
constitution of the earth that they may be 
neelected by the elementary geologist. The 
fom^ing list includes the dements of which 99 
per cent, of the earth’s crust, as known to us, is 
composed, with their relative proportions, as 
indicated by Clarke’s laborious analyses of a very 
large number of typical rocks : 


Element 

Oxygen 

Silicon 

Aluminium 

Iron 

Calcium 

MagnoNiiim 

Sodium 

Potassium 

Hydiogen 

Carbon 


Chemical 

Symbol 

O 

Si 

A1 

Fe 

Ca 

Mg 

Na 

K 

H 

C 


Percentage of 
Earth’s Crust 
WHICH IT FORMS 
47 02 
28*06 
8-16 
4-64 
3 60 
2-62 
2-63 
, 2-32 

^ 012 


The ten elements given above form 90*24 of 
the earth’s solid crust. 


Hydrogen^ of course^ is of importance as one 
of the constituemts of water, which enters largely 
into the composition of many rocks. Nitrogen 
(N), which forms no appreciable part of the 
crust, should be added to the list on account of 
its presence in the air. For an account of 
the properties of these and other elements, the 
reader is referred to the course on Chemistry. 
The various minerals which wo have to study in 
geology are compounds of these elements. 
About 800 of those are known, and distinguish- 
able wherever they occur by their permanent 
characteristics. We need only make acquaint- 
ance here, however, with a comparatively 
small selection of the more common minerals. 
Some minerals, such as coal and the ores of the 
various metals which (inter so largely into our 
industries, have a practical importance which 
is out of all proportion to their [)lace in the 
general geological sch(nne, and the course of 
Mining deals with many which we must here bo 
content merely to mention. 

Minerals Form Rocks. All rocks are 
made up of one or more ininorals. In the case 
of a rock which — as is most 'common — has 
several mineral constituents, it is necessary to 
distinguish between the essential and tho 
accessory minerals. An (issential mineral is 
one which could not be removed from tho rock 
without materially altering its character ; thus, 
quartz is said to bo an essential constituent 
of all granites, whereas the crystals of topaz 
and beryl, which often occur in granite, are 
accc'ssory — their abseiuie would not affect the 
granite character of the rock. Again, we have 
to distinguish between original and secondary 
minerals. Tho original minerals are those 
which formed part of tho rocks wlnm they were 
first laid down, while tho secondary ones have 
been added later, by chemical changes. Or by the 
intrusion of water holding them in solution, or 
by similar methods. The veins of ore which are 
so important a part of tho mineral resources of a 
country afford good examples of secondary 
minerals which have been introduced long after 
the formation of the rocks in which they occur. 

The business of the mineralogist is, in the first 
instance, to be able to identify any specimen 
which is submitted to his examination, and to 
stiAte the conditions under which it is likely to be 
found in association with other and perhaps more 
valued minerals. This part of his work, as will 
bo obvious, is of great value to the niiner, but it 
is jiossible or necessary to give here only a brief 
outline of the principles by which it is directed. 
In an elementary course of geology we need 
concern ourselves only with a small number 
of the existing minerals — those, namely, which 
chiefly compose the more common rooks o| 
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the earth’s onist. The methods by which 
these minerals arc identified* and their oharao- 
teristios, can be learnt so simply in the laboratory 
and the museum that it would be a waste of 
time to give more than the briefest outline of 
them now. 

How to Identify Minerals. Minerals 
are distinguished by ( 1 ) their external appearance, 
(2), their physical properties, (3) their chemical 
composition. Of course, the third of these tests 
is the most valid and satisfactory, and is always 
applied when the resources of a proper labora- 
tory are at hand. But the practical geologist 
has to do the greater portion of his work in the 
field, with only the aid of such simple instru- 
ments and reagents as he can carry on his 
person. The prospector, who is search- 
ing for specimens of ore, is in the same 
position. Consequently, it is eminently I V 
necessary that he should be able to \ 

identify the more important minerals 
by means of the first and second j ,.f 
tests — by their general appearance, 

supplemented by such physical pro- ../.X 

perties as hp can examine off-hand. — 

To these he is able to add such 1. c 

chemical tests as can be ap- yJK 

plied by means of the simple y I yV 
apparatus and reagents / / \ 
which can be carried on a / / \ N. 

geological tour or added to v- . .. 

the camp outfit of the pro- \ '\ 7 

spector. By these methods N. \ / y 

the trained mineralogist can N. \ / / 
satisfactorily determine the 

nature of practically evorj- octaheduon 
specimen, though hero and 
there he may encounter a puzzling mineral which 
may have to bo left for thorough inspection in a 
proTierly equipyied laboratory. 

There is no royal road to the power of identi- 
fying readily the more common minerals. Thc^ 
student must familiarise himself with their 
appearance by practice. He may usefully begin 
with one of the boxes containing fifty or a 
hundred typical specimens which are sold by 
most of the scientifio instrument uoalers, and 
then extend his researches in a wider collection of 
a geological museum, such as that of’ the Geo- 
logical Survey, in Jermyn Street, the Natural 
History Museum, in Cromwell Road, London, 
or in the collections attached to any of our 
provincial unive rsities. The following outline 
shows the main points for which to look : 

External Form and Structure. 
Minerals, though varying so widely in their 
outward appearance, can all be classified in 
this respect under one of four heads. They 
are (o) Cryatalline, (h) Vitreous^ (c) Colloid, (d) 
AmorpTiotut,^- 

Oi;ystalli^;minerals are those which occur in 
the shape regular geometrical solids, bounded 
W sn)ooth, shining faces. A very large number 
of minerals are found in Nature in these forms. 
The phenomena crystallisation are explained in 
the course of Physios, It is enough to 
Ijimutid the student that they always imply 
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that the substance which presents them has 
been solidified from a state of fusion or 
solution. It is the law of Nature that evciy 
substance which is susceptible of taking on "a 
crystalline form adheres to it under all con- 
ditions and .in all places where it is found; 
although it must be noted that many minerals 
have apparently more than one crystalline 
form, which they assume in accordance with 
the physical conditions under which they are 
deposited. Thus, calc-spar [12] {oa,rhonate of 
lime, CaCO.3) is found in Nature under many 
crystalline forms, such as the familiar dog- 
tooth spar [11], but each of these is reducible 
to what is known as the fundamental form of 
calc-sps^r, a rhombohedron [8]. The funda- 
mental form of fluor-spar (calcium ^ 
fliioride, CaF2)[16] is a cube [1], but it 
i« found in many other forms, such as 
y the regular octahedron [2], each of 

which is a modification of the cube by 
the slicing off of successive comers. 

\ - ^ Crystallography. A crystal is 

\ geometrical solid bounded by plane 

surfaces. These bounding surfaces are 
QBE called the faces of the ciystal. The 

lines in which they meet are 
called its edges, and the point 
whore three or more Mges 
if f' is called an angle, Tho 

Vv . y’i i L vitally important thing in 

the study of crystals is that 
/ these angles always remain 
the same in similar crystals. 
a crystal as it occurs in 

3. IS 

figun^ of the text - book. Tt may have 
grown up under conditions which have trun- 
cated it in one direfction and exaggerated it 
in others. But its angles always remain 
constant to the form to which it belongs, 
and by measuring tlu^m it can bo assigned to 
its proper system with Certainty. Consequently, 
the most important piece of apparatus used by 
the crystallographer is the goniometer (angle- 
measurer), which enables him to measure the 
angles of any crystal with rapidity and care, either 
by directly laying two hinged arms fitted with a 
.scale on the faces of the crystal (contact gonio- 
meter) or by measuring the deflection of a beam 
of light which is reflected from adjoining faces 
(reflecting gfyniometer). 

After the angles of a crystal, the most im- 
portant thing to examine is ite cleavage. All 
ciystals have tho curious property of splitting 
more or less readily along planes which are 
called cleavage planes, and which in all cases 
are parallel to the faces of a fundamental 
form, or to the diagonals of a face. Some 
crystals, like dog-tooth spar [11], can be split 
along their cleavage planes by a mere tap; 
even the diamond, though the hardest of 
minerals, can be shaped bv chipping away its 
comers along the planes of cleava^. There are 32 
different, classes of crystals, of which all but 
two or three are known to occur in Nature. 
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The Six Systems of Crystals. Th^e 
classes are divided into six systems, of which 
the following typical examples should bo 
examined in a museum by the student : 


System op 

Crystallisation 

(i) Anorthic 

(ii) Monoclinie 

(iii) Orthorhombic 

(iv) Hexagonal 

(v) Tetragonal 

(vi) Cubic 

Enough has boon said 
portance of a knowledge ol 
practical mineralogist. Tl 
lino form tells us - that 


Example 

Axinite. 

Gypsum. 

Barytes. 

Quartz, Calcite. 

Zircon. 

Galena. 

to indicate the iin- 
crystallography to the 
e great law of crystal- 
bodies of the same 


Colloid minerals consist of a substance which 
reminds the observer of a petrified jelly. Silica 
is the most abundant mineral which takes this 
form. Opal [18J is a hardened variety of it.. 

The rest of the minerals are called amorphous^ 
or shapeless, because they assume no definite 
form, but arc found in more or less coherent 
masses, tufts, or granules. The soapstone [16] 
used by tailors, under the name of French chalk, 
is a good example. 

Physical Properties of Minerals. 

Every mineral has a distinctive sot of physical 
properties, which are of great service tp the 
mineralogist in determining its place in the series 
of Nature. First comes the specific gravity 
[see Physics], or weight of a mineral, compared 
with that of an equal volume of water. 'J'his is 



SELECTION OF THE MORE PROMINENT CRYSTALLINE AND NON - CRYSTALLINE 
4. Iron pyrites (sulphide of Iron). 5. Aragonite (calfiimi carbonate). 6. Smoky quartz crystal (from St. L'ottharcl), 
7. Banded agate (silica). 8. Bai-ytes (barium sulpliate). 9. Corundum (ulununiiim oxide). 10. Quartz crystal (silica). 


chemical, composition always crystallise in 
the same fundamental form, or in a form which 
can be reduced to it by simple cleavage; and 
conversely we know that crystals of a certain 
form must belong to one or other of a limited 
group of minerals. Often the crystal is so 
distinctive — like the diamond, ruby, or dog-tooth 
spar— that the mineral can at once be named. 
At liny rate, wc have a guide for the applica- 
tion of further tests. 

Non-Crystalline Minerals. Vilreotis, 
or glaisy, minerals are easily recognisable. 
As^their names indicates, they are a kind of 
natural glass, which may. or may not, bo 
translucent. Obsidian [14], the well-known 
“ volcanic glass,” is a familiar example. These 
minerals have mostly been fused, as in tho 
lava of a volcano, and have cooled too quickly 
for crystallisation to occur. 
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tested by weighing tho spocinien first in air 
and then in water ; but tlie practical geologist 
soon learns to make a rough but fairly accurate 
guess of tho specific gravity by poising tho 
specimen in his hand. 

Next in order comes the Jtardness of tho 
specimen, which is inijasurcd in terms of a series 
of ten minerals ranging from talc up to diamond 
[see page 997 J. The mineral is placed between 
the last which it will scratch and the first 
which will scratch it. Tho colour of the mineral, 
and of the streak which it leaves on paper, 
or which a knife leaves on it, its bistre and 
transparency, are also noted. The nature 
of its fracture when broken is important. It 
may havo a charaoteristio taste or odour.^ 
Lastly, its optical, electrical, and magnetic pr<>- 
perties have to be observ^, but this usual^jr: 
involves the possession of apparatus, 
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the polariBCOpe and the electrofteter, which 
cannot be taken into the field, and belong to the 
mineralogical laboratory rather than to the 
camn^putfit. 

Cnmalcal Composition of Minerals. 

The only absolutely satisfactory test of a 
mineral is that afforded by a complete chemical 
analysis, which can, of course, be carried 
out only in a properly equipped laboratory. 
A few rough tests, indeed, may be applied 
in the field, such as the use of an acid to 
see if a carbonate is present, when a little 
carbon dioxide (CO . 2 ) is given off with visible 
effervescence. Beyond these simple tests, 
the business must be learnt by practice, 
and the average geologist is content to depute 
it to the chemist. 


Large masses of such visitants are still lying 
on the soil of Greenland and Arizona. Carbon 
pcours unoombined in two forms — as graphite^ 
or plutnba^, which, from its property of 
producing a black streak on paper, is utilised 
in the manufacture of the 8o>called load pencil ; 
and as the most splendid of gems, the diamond, 
which is simply a crystalline form of pure 
carbon. Sulphur is also found native, as a 
product of volcanic action : the Spanish con- 
quistadores obtained the sulphur for their 
gunpowder from the crater of a volcano. 

Oxides. Certain Oxides^ or compounds of 
oxygen in anotlier element, form important 
constituents of the rocks. The two which 
we need to note here are the oxides of 
silicon and iron. 



MINERALS THAT FORM THE , BUCKS COMFOSINQ THE CRUST OF THE EARTH 
11 . -tooth spar (front Matlock, Pcrbysliire). 12 . Calc-spar (carbonate of lime). 13 . Opal (a hardened silica). 
14 . Obsidian (natural glass). 15 . Fluor-spar (calcium fluoride). 16 . Soapstone (from North Carolina). 


Classification of Minerals. Minerals 
have been classified in various ways, but the 
most satisfactory system, on the whole, is 
that which depends on chemical composition. 
We shall be content to glance briefly at the 
twenty or thirty more important minerals 
which chiefly go to build up tlie rocks of the 
earth^s crust. These leading minerals may be 
classified for convenience according to their 
composition under various heads — to understand 
whic|i some knowledge of elementary chemistry, 
such ^ can be obtained from the course on the 
sublet, must be assumed. 

, Native dements. Certain ncUive de- 
ments . occur as minerals. « Gold, copper, and 
iron are found in small iraantities in the metallic 
form. : ThoTO is teasoji%i believe that most^of 
native iron found as a terrestrial mineral 
our planet in the form of meteorites. 


Silica (Si O^) is a compound of silicon and 
oxygen, which is best known in the form of the 
ubiquitous and beautiful mineral known an quartz 
[6 and 10]. It is crysi^lino — indeed, the Greeks 
called it “ ciystal,” and held it to be petrified 
ice — and its fundamental form is that of a six- 
sided prism. But there are innumerable 
varieties of silica, which is the most abundant 
of all minerals. Some of these, like amethyst 
and cat^ye, are so beautiful as to be regarded 
as precious stones. Other forms of silica are 
chalcedony, opal, onyx, and agate [7]. Flint, on 
which the beginnings of human civilisation 
depended, is also almost pure silica, which has 
grown into nodules in the chalk-beds. 

Iron oxides play a great part in our scenery. 
HasmatUe (Fo^ Oa), is the red oxide of iron which 
colours so many of our rocks — red sand* 
stone and clay (red ochre). It occurs very 
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abundantly, and is largely worked in the Lake 
Superior mines and in Cumberland. Limonite 
(2 Feg O3 + 3 H2 O), or brown iron»ore, is a 
hydrat^ oxide of iron which has been largely 
deposited from chalybeate springs, as yellow 
ochre, or bog iron-ore. Magnetite (Fe^ O4) is 
the magnetic iron oxide which was early known 
as the lodestono, from its remarkable property 
of attracting iron and of causing a needle 
rubbed with it to point to the north — the 
mariner’s compass. Vast deposits of it occur 
in Scandinavia, and it is one of the main sources 
of the world’s iron supply. 

Corundum (AloO.)) is an oxide of aluminium 
which may be mentioned (although it does not 
occur largely in nature) because two of its 
varieties are the ruby and the sapphire, whilst 
in the loss precious form of emery it gives us a 
valuable polishing material [9.] 

Silicates. The Silicates — compounds of 
silica, or silicic acid, w^ith various metallic 
oxides — constitute by far the most important 
group of minerals. “ By themselves they con- 
stitute at least nine-tenths of the terrestrial 
crust, and make up practically all the rocks, 
except the sandstones, quartzites and carbon- 
ates.” (Geikic). 

The Felsjkirs are composed of silicate of 
aluminium, combined in varying quantities 
with the silicates of potassium, sodium, and 
calcium, with traces of magnesia and iron oxide. 
They vary in character according to their com- 
position, The most typical felspar is Orthocktse, 
or potash felspar (K Al Sin O^). It is an abund- 
ant constituent of granite. .dWii^€(NaAl Si.-j (.)>,) 
is the corresponding soda felspar, and Anorthite 
(Ca AI2 Si 2 Oh) is a lime felspar. There 
are numerous other felspars of varying but 
generally similar composition. The group is 
often divided by the cleavage of its crystals into 
orthoclasCf with cleavage at right angles ; 
plagioclase, with cleavage at an acute angle, 
and oligoclase, w^ith ill-defined cleavage. 

Next comes the Mmi group of silicates. All 
these minerals share the well-known property 
of common mica — that they can easily be 
separated into thin flakes, or lamince. Muscovite 
is the common mica — of which lamp-shades and 
furnace-windows are made — so called because 
it comes from Russia, and was once known as 
“ Muscovy glass.” It is a silicate of aluminium 
and potassium of whicli^no exact formula can 
bo given as its proportions vary considerably. 
Biotite is another mioa,'differing in the presence 
of magnesium. The glittering flakes of mica 
are nearly always visible in granite. 

The third group of silicates is that represented 
by Hornblende and Augite, which are bisilicates 
of calcium, magnesium, iron, and manganese. 
These two minerals are closely related, and play 
^ considerable part in the constitution of the 
granitic and volcanic rocks. Allied to them aro 
Dtallage and Ilypersthene, Olivine is a silicate 
of magnesium, iron, and manganese, which 
forms an essential ingredient of basalt. 

The fourth group contains Tafc— the well- 
known soapy mineral — and Chlorite^ which are 
hydrated silicates of magnesium. SerpentiM 
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is of similar composition, with the addition of 
aluminium and iron. It is harder, but can still 
be cut with a knife, and gets its name from the 
beautiful mottling of its brown and green si^facc. 

Carbonates, A large proportion of the 
rocks which form the earth’s crust are composed 
of carbonates^ or compounds of -certain metals 
with carbonic acid, the gas which is produced 
by combustion or breathing. [See Chemistry.] 
The most important of these is the carbonate of 
calcium, which occurs in nature in two forms, 
alike in chemical composition but differing in 
external ajmearance and physical properties. 
Calcite (CaCO;,), or calc-spar, is the essential 
basis of the great masses of limestone rock 
which aro so abundant in many parts of the 
world, as in Derbyshire. It crystallises in the 
fundamental form of the rhombohedron. A 
particular variety which has become famous 
by its optical properties is the doubly refracting 
Iceland spar, which gives a twofold image of 
all objects seen through a transparent slice of 
it. Aragonile (CaCO.^) 15 ] is a harder and more 
durable form of calcium carbonate, which* is 
much less abundant than calcite, and occurs 
in rhombic crystals. Bitterspar (CaMgCO.^) is 
a double oarlv)nate of calcium and magnesium, 
found in greatly varying proportions of the two 
metals, which is chiefly interesting as the basis 
of the Dolomite rocks which form the great 
mountain masses of magnesian limestone in the 
Tyrol and Carinthian Alps. Siderite (FeCO.j), 
or brown ironstone, is a carbonate of iron often 
found in nodules in shaly beds. 

Sulphates, Sulphides, Fluorides, 
Chlorides, Phosphates, The remaining 
‘tninerals which, in smaller quantities, help to 
build up the rocks of the earth’s crust, call for 
only brief mention here. Sulphate of calcium 
is found in two shapes. Anhydrite (CaSO^) 
and the well-known Gypsum (CaSO.! -h 2H2O). 
Sulphate of barium is barytes (BaS04), known 
from its heavy weight as Heavy Spar, which is 
often found in association with metal ores [8J. 
Sulphides of various metals (lead, silver, copper, 
zinc) arc of great commercial importance, but the 
only one which the geologist need consider is 
iron sulphide, which occurs as Pyrite (FeS^), 
known m Iron Pyrites [4] or “ fool’s gold,” which 
ignorant prospectors often mistake for a valuable 
source of the precious metal, and as Marcasite 
(FeS.j) which plays a large part in the decom- 
position of rocks by its power of producing 
sulphuric acid on exposure to damp air. There 
are only two important compounds of the 
haloid elements found as minerals. Sodium 
chloride, or common salt (NaCl), is found 4 n 
vast beds at places like Nantwich, where it is 
of great commercial importance. Calcium fluo- 
ride is the beautiful Fluor-spar (CaF.^) [ 16 ] 
used, from its property of giving off fluoric acid 
when treated with an acid by the glass etcher. 
Lastly, one may mention tricaUium phosphate 
or Apatite, which occurs in Norway and else- 
where, and has great importance to the agri- , 
oulturist from its Use as a fertiliser, 

W, E. GARRETT FISHER 
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The Construction of Dams* Cofferdams, and Caissons. 

The Use of the Dtvlnd Bell. Tanks. The Texture of Metal. 

MORE HYDROSTATIC APPLICATIONS 

YT/b have spoken hitherto of the applications below. It explains the enormous thickness of 
^ of water pressure to the accomplishment of the Gileppe barrage near Spa — 72 yards through 
work. But there is another aspect of the problem at the base. 

which the engineer has to take account of — The great Nile dam at Assuan measures 50 
namely, to be sure that stnictures will be able to and 60 ft. through the base in some parts. Its 
resist the enormous pressures to which so many of piers and arches are built on a solid foundation 
them are subjected. The law of liquid pressure is of masonry 10 ft. in thickness and 87 ft. in 
that the pressure varies as the depth, so that width, protected by cast-iron piling from all 
its increase is in exact proportion to increase in risk of the insidious filtration of water. The 
vertical depth. pile.s go down 23 ft. from the surface of the 

The engineer, therefore, has to devise int^ans masonry floor into the sand of the river bed. 
to resist the hydrostatic pressure of water This dam measures rather more than half a mile 
present in large quantities, and with increase in in length, contains 704,000 cubic yd. of masonry, 
depth those difficulties grow. The most im- and required 824,000 cubic yd. of excavation. It 
posing examples are those of darns closing the cost £2,450,000, was built in three and a half 
ends of reservoirs, or barring up the waters of years, and is able to impound 1,000,000,000 

streams. These are among the finest pieces of tons of water. . It is pierced by 180 sluices 

work in the w'orld. In other cases the structure [shown in the bottom figure, 113], which are 

takes the form of a cofferdam, or of a cais.son, capable of regulation, and can pass 475,000 

both being used to exclude wajber from areas cubic ft. of water per second, at a velocity of 20 
within which men have to work in the dry. ft. per second. , % 

Dams. Deep water in a quiescent state has Cofferdams. Take the coffertlanis and 
enormous pressure. Though we associate force caissons just mentioned. These are the aids by 
with water in motion, with the breakers, the which the engineer builds deep foundations in 
ocean rollers, and the big tidal waves, these running streams and in tidal w'aters. Diving- 
are the dynamics of w^ater. But wherever the bell w^ork excepted, he has to build his founda- 
enginoer goes to w'ork far beneath the surface of tions in the dry, even though they go down 
stiir water he is confronted with the inexorable 20, 30, or 40 ft. beneath the bed of the stream, 
laws of hydrostatics. Hence, the cofferdam, or the caisson, is con- 

Thus, take the case of a reservoir, or river structed first, enclosing an area from which the 

barrage, the mouth of w'hich is closed by a dam. water is displaced, leaving it dry and ready for 

The finest examples of dams occur at the mouth excavation, and for the laying dowm of masonry 
of the great reservoirs for water supply, and at or concrete. The differences are, in brief, as 
the barrages of the Nile and other streams w here follow. 

they impound the water of floods for use in dry A cofferdam is usunlly built by piling and 
seasons. These dams are alw'ays built of puddling. The structure may l)e round, square, 
masonry, very broad at the base. Almost oblong, or prismatic in plan view. In either 
invariably they are pierced with openings, case, it comprises tw'o sets of piling— that is, 
having lifting gates or penstocks f r the regu- there is an inner and an outer ring, or rectangle, 
lation of the flow. An exception occurs at or other form, built of squared piles, driven in 
Gileppe, in Belgium, where the dam is absolutely close contact dow^n their sides. Between the 

solid, and the impounded waters are led away inner and outer rows is a space of 3 or 4 ft., 

through pipes at each end of the dam. which is filled with clay puddle well punned 

As -the weight of a cubic foot of w^ater is down. Of course, piling involves more than 
62J lb., that represents the w^eight pressing on this, as cross bracing with w^ale pieces, sheet 
a square foot of surface, multiplied by as many piling, etc., but with these details we are not 
feet as the depth of the water. At a depth of concerned here. The simple point is the con- 
60 ft., therefore, the pressure is 62^ x 60 = centric row's of piles, with the puddled space 
37501b., or a load approaching tons on every between, by which the^ w'aier is excluded from 
square foot. Laterally, the pressure exerted at the central area, after it has been pumped dry. 
the bottom is about equal to the perpendicular This is a simple case, because if deep excaya- 
foroe. , Multiply this pressure by the total length tions are required, or, say, those exceeding 
of a dam, aim the pressure is enormous. about 20 ft. in depth, the water would burst 

: Why Dams Collapse. It explains why, through below the piles, and swamp the men 
*when dams have been undermined by water oozing and their Avork. ^ In deep foundations, therefore, 
through the foundations, which have also sloped the cofferdam gives place to the caisson, which 
away in the direction of the lateral pressure, is sunk deeper in stages, as the men excavate 
they have sometimes been swept away, carrying deeper. The difficulties here axe greater 
airful destniction and death through the areas than those which exist with piled. cofferdams. 

ACfiCE, TOOLS, TECHNICAL DRAWING 
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Caiaaona. A caisson is a tubular structure, 
usually circular or elliptical, sometimes rect- 
angular and made of steel — though where 
timber is plentiful, as in America, often of 
wood. All around its bottom edge there is 
a sharp steel shoe, which is made to cut its 
way down into the soil by the weight of the 
caisson itself, or by extra loading on it. The 
cai£(ison is made in sections, so that, as it sinks 
deeper, fresh lengtlis are kidded above to keep 
its mouth always above the level of the water. 

Here, also, there are numerous details on which 
we’ cannot touch. But the essential fact to 
remember is the hydrostatic pressure. This is 
resisted by making the caisson very strong. 
Though the steel plates of which it is built do 
not exceed from | in. to J in. in thickness, they 
are braced together with dia- 
gonal bars to enable them to 
resist the water pressure sur- 
rounding them. Moreover, the 
lower parts are much stronger 
than the upper, because the 
pressure increases with depth. 

Deep Caissons. But \\ hen 
caissons go down very dee)), it 
is necessary to counterbalance 
tj^e pressure of the water by 
opposing to it that of com- 
))ressed uir. That involves the 
separation of the working cham- 
ber from the atmosphere, and 
enclosing it completely, and 
supplying air by pumping in 
two atriiospheres or more. 

That, agkin, involves the use 
of air-tight locks, with double 
doors for preventing outrush of, 
air from the chamber, as often 
os men and materials ascend 
or descend. Observe 116, which 
is a sectional view through the 
south-east Inchgarvie caisson of the Forth 
Bridge. This working in eonipres.sed air is 
very trying, and is the cause of the caisson 
disease, but it is all due to the pressure of 
the water at great depths, which, without the 
counter-pressure of the air, w’ould force out the 
soil from the foot of the caisson, and follow^ it 
into the w^orking area. 

Such accidents have often happened, and men 
have lost their lives in conspcjuence. The w^ater 
))rcssure is ever present to cause anxiety to the 
engineer, and human ‘ foresight cannot always 
guard against these dangers, for layers of strata 
of different kinds overlap, and a tough, close 
clay may exist over a body of sand, or denser 
and looser gravel and boulders may intermix, 
and water will find out the weak places, and the 
only Way to prevent its ingress is by counter- 
pr^siire. 

I he Diving Bell. The law's of hydro- 
statics and of pneumatics are often found ‘in 
mutual operation. We saw that in the sucking 
^pump, and we have noted it in deep caissons. 
Jt is also apparent in the diving-bell. Dowm at 
Dover harbour works and elsewhere huge diving- 
bells have been at work, preparing subma rine 
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foundations for laying concrete blocks in. Men 
w'ork in an atmosphere of compressed air in the 
bells which must be at least equal to that of 
the w'ater at the depth of the bell, and is actually 
greater, in order to drive all, or nearly all, the 
water out of the bell. The air is, of course, 
pumped in from above. 

If -we consider a moment, wo see that there 
is no essential difference between the diving-bell 
and the dee)) caisson having an enclosed w'orking 
chamber. The closed chamber may be likened 
to the bell ; and, on the other hand, the bell 
would only ncocl to have a cylindrical tube 
attached to its roof and coming out above the 
top of the water, and be fitted with air-locks, 
to be in all respects, except details of mechanical 
construction, identical with a caisson. 

Even in the diver’s dress, 
w ater as w^ell a.s air plays an 
essential part. It is a question 
of displacement of water by 
loading the diver wdth heavy 
clothing, without which he 
could not get to the bottom 
against the pressure due to the 
head of water above, whidh, 
being much greater than that 
of the specific gravity of his 
body, w'ould force him up. 

TanKs. Hydrostatic 
pressure assumes a rather differ- 
ent aspect when tanks of metal 
are required from that w'hich 
it takes in the reservoirs with 
earthen sides or in caissons. The 
device of having wide and well- 
sloped banks, as in dams, is not 
available in iron and. steel 
tanks. Vet in many of these 
very great pressures have to be 
sustained. A tank only 36 ft. 
deep would have over a ton of 
load on every square foot of its bottom — thus, 
:m y 62*5 2250 lb. 

There are only two materials used in tanks — 
cast iron and mild steel. The first are made of 
plates, from 3 to 5 ft. square, bolted together 
through flanges ; the second are built up of 
sheets riveted together. The cylindrical form 
is stronger than the rectangular, but is not so 
readily obtains ble in cast iron, so that tanks of this 
material are mode of square pr rectangular shape. 
Several precautions have to be taken, as follow'si 

As the pressure on the bottom is the greatest, . 
and as it is difficult to make plates thick enough 
for the required strength, one plan is to afford 
a level support to the bottom, either on girders 
or beams, or on concrete. This applies to 
tanks of the largest dimensions m^e. For 
those of smaller size, a cast-iron bottom is often 
made, well ribbed on its low'er face, the ribs 
reinforcing the otherwise flat weak plate, and 
requiring no other support. Concave and 
convex bottoms and conical bottoms have been 
proposed, the cambering in either direction 
affording^. , the required strength, but - such 
forms are neither so readily nor so easily 
supported as flat bottoms are. 


B 
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The sides of tanks are, of 
course, subject, to greater 
pressure at the bottom than 
at the top, and therefore the 
plates, in the case of deep 
tanks, are of greater thick- 
ness as the depth increases. 

Thus, if the upper plates in 
a cast-iron tank are | in. 
thick, the lower ones may be 
S in. Nor is this sufficient, 
but the sides are held against 
pressure by several tie-rods 
passing right through from 
side to side of the tank and 
bolted fa^t thereto. 

To render tanks watertight, 
they are caulked. In cast 
work the flanges only abut 
by narrow edges, leaving a 
depth of flange of from in. 
to 3 1 in. open, and the space 
is caulked with rust cement, 
well stemmed in. Steel tanks 
are caulked by burring the 
edges Avith a caulking tool or 
chisel, precisely as boiler- 
plates are treated. 

Molten Metal. There is 
another aspect of the subject 
which concerns liquids other 
than water. Who has not 
heard of the fluid compressed 
steel, the inception of which 
was due to the late Sir Joseph 
Whitworth ? But that was 
simply an application of the 
principle which we have «al- 
ready noted as relating to the 
difference between a natural 
liewl of water and that arti- 
ficially produced by pressure. 

And the foundryman may 
not neglect this question of 
head, which is really intensified by the large page 1706 mention was made of the hydraulic 

difference in the specific gravities of water and canal lifts in Franco and Belgium working to a 

of liquid iron, or stool, or brass. pressure of 470 lb. por square inch. This is an 

At two extremes, therefore, wo have the fluid enormous pressure, considering the size of the 
compression and the natural head. The first is cylinders — 0 ft. in. 

readily understood ; the molten steel as it cools It might be thought that there is no limit 
and shrinks receives artificial pressure from a to the strength which may bo ensured by making 

hydraulic ram and pump As shrinkage continues the metal in walls very thick. There comes a 

the pressure is maintained until solidification limit at which increased thickness does not 

occurs. The result IS that instead of a more or less add to strength, and this is the reason why 

Spongy ingot, from the upper part of which from the biggest guns are built up Avith layers of 

one-third to one-half the length has to bo cut coiled wire, or by shrinking rings around the 

off, to leave only the remainder as suitable for body. In a Belgian lift the cylinder, though 

use, practically the whole is solid and .*^ound. 4 in, thick, Avas hooped round with coils of steel 

Texture of Metal. To those who are 2 in. thick, shrunk on. It is an old story how 

unfamiliar with iron and steel, it might seem the press cylinder fractured during the liftijdg of 

as though there could be no such thing as the tube of the Britannia Tubular Bridge. The 

porosity and weakness present in them. But, load was 1144 tons, the cylinder 22 in. bore and 8 

unless proper precautions are observed in in. thick. It fractured at the bottom of the cylinder 

saoulding and casting, iron and steel become so A [114], tearing the end away. The lesson then 

spongy that they wifi allow the passage of water learned is not to have a keen angle in a structure 

through the pores when subject to hydrostatic subjected to great pressure. The cylinder oast to 
test l^s qua^ioo of closeness of texture of replace this was made with a nearly kemispberioal 
metal, therefore.^ Is venr important one. On curve, also shOAVtt[B]. J. Q. HORNER 
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The Final Chapters of Latin and English. Spanish : 
The Superlative, Possessive Pronouns, and Verb. 


LATIN ‘ By Gerald K. Hibbert, M.A. 


LATIN VERSE 8 . Words ending in c have their last syllable 


I N the first lesson it was mentioned that 
some syllables were short and others long — 
€.gr., mensa (nom.), mensa (abl.). These syllables 
are said to differ in quantity. We have now to 
consider 'prosody, that part of grammar which 
deals with the quantity of syllables and the laws 
of metre. 

I. QUANTITY OF SYLLABLES 

Oeneral rules of quantity : 

1. Every diphthong and contracte<l syllable 
is long : ^tensaiy cdgo (co-ago). 

2. A vowel coming immediately before 
another vowel is short : Plus, prdhihe (h is not 
taken into account in prosody, being regarded as 
a breathing only). There are some exceptions — 
Mnt^as, dipt, Pomp'i, flo (but peri). 

8. Any vowel followed by two or more con- 
sonants, or followed in the same word by j, x, 
or z, becomes long by position — adPstis, axis. 

Note. The two consonants need not bo in 
the same word. Thus, in jaePt corpus the e is 
long by position before t and c, though had the 
second word begun with a vowel, the final 
syllable of jacet would have been short. 

4 . A vowel followed by a mute consonant 
with a liquid after it is doubtful — e,g., cither 
Ingfthre or lugfihre. But gn always makes a long 
syllable, as ^gnis, dg'rtus. 

On the Quantity of Final Syllables. 

1. Most words of one syllable are long, as mP, vis. 
Exceptions : Words ending in I, b, d, t, as vH, sub, 
rd, (t. Also IPs and its compounds, adPs ; quP, 
vP, nS (enclitic — i.e., joined to a word — as 
amasn^ = dost thou love ; but ne --- lest, is 
long) ; n<?c, an, in, pPr, trr, edr, ds {ossis), fdc, 
and pr (imperatives of fado and fero), bis, Is, 
els, quis. 

2. Words ending in a are long — contra, 
frustnl,amrt. Exceptions: Accusative and nomi- 
native cases, and Ud and quid. (All ablatives 
in a are long.) 

3. e final is short — regP, rejitP, ferrP. Excep- 
tions : Cases of 1st and 5th declensions, as di~, 
CybelP ; imperative sing, of 2nd conjugation, as 
mmP : quarP, hodi', and adverbs derived from 
adjectives, as dign~. 

4 . i final is long — ahl, plebl. Exceptions; 
Sieubi, necubi, nisi, quasi ; also Greek vocatives 
and datives, as ChlorX. But mihi, tibi, aibi, 
u^i, ibi, are doubtful. 

5 . o final is long — virgo, amd, domino. Excep- 
tions : CU6, modd, ego, dufi, octd, acid, ne^cid, 

6. u final is long — td, din, recta, 

7. y final is short. — cYMy, Tiphy, 

FRENCH, GERMAN, SP 
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long {illiic), except donPc, 

9. Words ending in I, d, t have their last 
syllable short — animal, illnd, jacH, 

10. n final is short — nom^n. Exceptions : 
Many Greek words — HymPn, Ammon. 

11. r final is short — cxdcdr, amattir. Excep- 
tions : Many Greek word.s crater, aPr. 

12. Words ending in as are long — mensa s, 
amis. Except ands . — duck, and Greek cases 
of 3rd declension, as lampadds. Areas. 

13. Words ending in es are long — sed's, 
amares. Exceptions : Pen's ; a few nouns like 
segPs, merges, and Greek plurals like TroadPs, 

14. Final is is short — regls, simills. Excep- 
tions : Dat. and abl. plural, mensla ; 2nd sing, 
pres, indie, of 4th conjugation, audls; compounds 
of vis and sis, malls, noils, vtells, gratis, forls. 

16. Final os is long — dominos, sacerdos. Ex- 
ceptions : A few Greek words, as epls. 

16. Final us is short — opds, amamtis. Ex- 
ceptions : 4th declension contracted eases, 
gradds (gen. sing., nom. voc. acc. pi.) ; words 
whose genitive increases and has the last syllable 
but one long, as tellds, ineds, furenids, virtds. 

17. ys final is short — chelys. 

Note. Remember that all naturally short 
final syllables are liable to become long by 
position ; see above, Rule 3 under general rules 
of quantity. Thus, the us oi opds would become 
long if the word following began With a conso- 
nant, because the u would then precede two 
consonants. 

II. LAWS OF METRE 

Each of the following combinations of syl- 
lables is called a Foot : 

A long syllable following a short one ("") forms 
a foot called the lambtis (“ satirical,” because first 
used in satire). 

A short syllable following a long one (”'') forms 
a foot called the Trochee (“running” or “trip- 
ping ”). 

Two long syllables (*") form a Spondee (so 
called because much used in the solemn hymns 
sung at a Sponde or drink-offering). 

A long syllable and two short ones {"'''') form 
a Dactyl (“a finger,” from its resemblance to the 
joints of the finger). 

Three short syllables fonn a Tribrach.^ 

Two short syllables and a long one 
form an Anapeest (“ reversed,” because it is a 
dactyl reversed). 

Scansion. Scansion is the art of counting and 
measuring the feet in a line or verse ; when we 
mark off a verse into the feet which compose it 
we are said to scan it (ZtL “ to climb ** it). 

NISH, LATIN. ENGLISH 
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When a word ending in a vowel is folbwed 
by a word beginning with a vowel, the 'first 
vowel is dropped* or elided. This is oall^ 
Elision or Synalepha (“melting together’*) — 
e.g.y gui adverso would be scanned qmd^vZrao^ 
the down-stroke marking the end of a foot. 

When a word ends in -m preceded by a vowel, 
and the following word begins with a vow'cl, 
the vowel and -m in the first word are dropped. 
This is called Ecihlipsis — e.g.^ quantum est in 
reJbv.8 inant would be scanned qwi'ndest 7n 
nhns Ifnjdne ; and Uhim Ikrc would be scanned 
tilfh'X [see translation of “ The Lost Leader ** 
further on]. 

Metres. The two commonest metres in 
Latin are (1) Hexameter, in which each lino 
consists of sjx feet, and (2) Elegiac, in which a 
Hexameter line and a Pentameter (five feet) 
alternate. All Virgil’s works are writtem in 
the former, while Ovid, Tibullus, and Propertius 
are the chief Elegiac poets. The only feet 
used in these metres are Spondee and Dactyl. 

1. Hexameter. The first four feet may 
be Dactyls or Spondees ; the fiftli must bo 
a Dactyl ; the sixth a Spondee. Thus the 
scheme is : 

1. 2. 3. 4. 5. 6. 



- u u 

_ u u 

_ u u 

_ u u 


— 

— 

— 

_ o o 


Examples : 

Quadrupgj'dantd put|rem||soni|tu quat!t| ungula | 

canipQm 

Arma vifrumquo ca no || Trojro qui | primus ah | 

oris. 

A break in the words, called Ccesura, is usually 
made after the first syllable of the third foot ; 
that is, a word usually ends with that syllable. 
The Caesura is marked by the double line ||. 
This is called a strong Caesura, but if the break 
occurs after the second syllable of a Dactyl 
{as Non omn^s ar\hiiat'l\\ja\v’irU hiimX\U8qi\e my\ 
rlcde)^ it is called a weak Caesura. 

A Hexameter must end either with a word of 
two syllables or of three, as “ rayricap.” It 
must not end with two dissyllables, nor should 
there be an elision between the fifth and sixth 
feet. 

2. Pentameter. This line consists of two 
parts, called Perthcraimers ; the first Penthe- 
mimer contains two feet (Dactyls or Spondees) 
and a long syllable. The second also contains 
two feet — ^which, however, must be Dactyls — 
and a long syllable. 


1. 

2. 


3. 

4. 

u u j 

1 ^ o u 1 


| 1 _.. 

- o u 


1 — — 1 


1 1 1 

1 • 1 


It thus consists of two halves of feet each. 
Examples. 

Tii cMus v6ni5s||p6rt’us 6tara tu'Is. 
liler,tSBquS 86n|exf|Tel$machusqu3 pfijer 

This verse is never used alone, but always 
follows a Hexameter in Elegiac verse. Hexa- 
meter and Pentameter alternating. 

A Pentameter must always end with a word 


of two syllables, though sometimes es or tst 
closes a line, the preceding vowel or m being 
cut off. The preceding word must then bo a 
dissyllabic, as tuum est. The last word of a 
Pentameter must be a substantive or a verb, 
or some case of metis, tuus, suus. . 

How to make Latin Verses. Having 
learnt the above rules of Prosody well, and being 
able to scan verses, the pupil will now be able 
to practise turning English poetry into Latin 
verso. The quantity of all doubtful syllables 
is marked in all good dictionaries (e.^/., sagitta), 
but the pupil must determine the quantity of the 
others by his prosody — e.g., the final a of sagitta 
will be long or short according to whether it is 
ablative or nominative. A great deal of twisting 
and contriving will be necessary at first, but 
gradually it will become easier to make the 
verses, and often at first sight it will be evident 
how the lino can bo made to run nicely. Ad- 
jectives and other opithois may be freely 
inserted if needful, and one line of English 
poetry need not be exprc8si‘d by one line of 
Latin verse. 

Tlie following rendering of Browning’s “ The 
^st Leader,” by the late Sir Richard Jebb, is a 
splendid example of versification ; careful study 
of these lines will go far to show the pupil the 
necessary changes to make in the English before 
it can be put into Latin verse. 

“THE LOST LEADER.” 

Just for a handful of .silver he left us ; 

Just for a riband to stick in his coat — 

Found the one gift of which fortune bereft us, 
Lost all the others she lets us devote. 

They, with the gold to give, doled him out silver. 
So much was theirs who so little allowed. 

How all our copper had gone for his service ! 
Rags — were they purple, his heart had been 
proud ! 

Wo that had loved him so, followed him, 
honoured him, 

Lived in his mild and magnificent eye, 
Learned his great language, caught his clear 
accents, 

Made him our pattern to live and to die ! 
Shakespeare was of us, Milton was for us. 
Bums, Shelley, were with us — they watch from 
their graves I 

He alone breaks from the van and the freemen, 
He alone sinks to the rear and the slaves ! 

Wo shall march prospering. — not thro^4|jbiiB 
presence ; 

Songs may inspirit us, — not from his lyre ; 
Deeds will be done, — while he boasts his 
quiescence. 

Still bidding crouch whom the rest bade aspire. 
Blot out his name, then — record one lost soul 
more, 

One task more declined, one more footpath 
untrod, 

One more triumph for devils, and sorrow .for 
angels. 

One wrong more to man, one more ineult to 
Godl ^ ’ 
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Life’s night begins ; let him never come back 
to us ! 

There will be doubt, hesitation, and pain, 

Forced praise on our part — the glimmer of 
twilight, 

Never glad, confident morning again ! 

Best fight on well, for we taught him, — strike 
gallantly. 

Aim at our" heart ere we pierce through his 
own ; 

Then let him receive the new knowledge and 
wait us. 

Pardoned in Heaven, the first by the throne I 
IN LATIN ELEGIACS 

(By penni»Ri<>u of the lato Sir liichaid Jobh and 
CJoorfi;© Bell & Sons.) 

Plus ut opuin mini mo, clavus sibi latior essot, 
Hustinuit noster deseruiase suos. 

Hoc modo quod nobis Fortuna negarat adeptus 
jjerdidit, ah, quicquid nos dare fata sinunt. 

Quis aiirum fuit, argenti pendere pusillum : 
tan tula de tantis censibus ille tulit. 

Hune tenui nostrum quis non adjuverat ac^re ? 
nostra viro sordent : munera regis avot. 

Hunc amor, obsequium, reverentia nostra 
colebat : 

hujus erat nobis vultus ut alma dies : 

“ Hie Jove digna loquens, hie veri,” diximus, 
“ anctor 

dux mihi vivendi, dux morientis erit.” 


Mens fuit heec Enni, fuit haic sapientia .Nsevi : 

VOS piget haec damnum, Calve, CatuUe, pati. • 
Deserit hie solus nos libera signa sequentes : 

servorum partes transfuga solus adit. 
Ferre manet nobis — non hoc tamen auspice— 
palmam ; 

carminibus, sed non hoc modulante, frui ; 
Bella gerent alii, Isetabitur ille quicscens ; 

surgere quos voluit fama, jacere volet. 

Hoc quoque de fastis lacrimandum tollite nonu n: 

alta miser vidit, noluit alta sequi. 

Hunc quoque gaudebuntFuriaj, plorabit Olympus 
jus hominum summi fas violasse Dei. 
Pergimus in tenehras : no nos petat ille reversus, 
ad dubios referens sollicitosque pedem. 

Quo valeat laudcs alienis dicero malis ? 

lumen amicitia?, quod fuit, umbra premit. 
Mor<‘ ferox nostro tclum hjoc in poctora vertat, 
tela recepturus pectore nostra suo : 

Turn moriens nobis prior immortalia discat, 
primus in letemo stans sine labe choro. 

Note. In the above metre, which is by far 
the most common in Latin, the only feet used 
are Spondees and Dactyls. Tlie other feet 
(Iambus, Tribrach, Anapsest, Trochee) are found 
in the rarer metres Iambic Trimeter or Senarius, 
and lambic Dimeter : the Sapphic Stanza and 
the Alcaic Stanza. Models of the Sapphic and 
Alcaic Stanzas are found in the Odes of Horace 
[see any good edition of Horace's Odes, such 
as Page’s], 


LATIN CONCLUDED 


ENGLISH 

HISTORY OF THE ENGLISH 
LANGUAGE 

The history of the English language is to all 
intents and purposes the history of the 
English people. As we trace the growth of the 
language, we trace at the same time the growth 
of the nation. Words are fossilised history. They 
speak to us of waves of conquest, of eras of 
strife, of the gnvdual victory of the arts of 

E eace over the arts of war ; they tell us of the 
opes and fears, the expectations and dis- 
appointments, the laws, customs, dress and 
manners of those who have gone before 'us. A 
language should be regarded with reverence ; 
it is too precious to be trifled with or debased. 
Everyone who debases the meaning of a word 
is as much an enemy to his country as the 
utta^r of false coin. 

C!5ertainly wo who speak the English tongue 
have a language of which we may be proud. 
It is rich in associations, and a veritable store- 
house of wonders. It deserves- and repays 
careful study. 

1l Up to about the year 450 a.d. our islands were 
inhabited by different Keltic races, speaking 
various dialects of the Keltic ^oup of languages. 
These races were closely allied to the inhabitants 
of Gaul (as France was then called), and spoke 
practically the same ton^e. About the begin- 
ning of the Christian Era both Britain and 
Gaul were conquered and overrun by tbe 
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Romans, but with strikingly different results as 
far as language was concerned. The conquered 
(?au]8 adopted the Latin language, while Latin 
made singularly little impression on the Kelts 
of Britain, who largely retained their own 
dialects. The Latin language was destined, 
however, to have its revenge ; for the Franks 
and Normans, who subsequently occupied 
Prance, adopted the language of that country, 
and were instrumental in introducing it (in an 
altered form, of course) into Britain about the 
-time of the Norman Conquest, 1066 a.d. 

Keltic Words. Among the earliest 
elements in our language, therefore, are the 
old Keltic words that have survived in the 
struggle for existence and have come down to 
us through two thousand years and more. 
These are not many, for the language of the 
Britons was completely displaced by that of 
their Saxon conquerors. 

The Keltic words consist chiefly of geographi- 
cal names*— e.gr., Devon^' Dorset, Kent, Exe; Aikm, 
Ouse, and (all three meaning water), Trent, 
Dee, Don, Severn, Wight, Bute, Pen (as in Pen- 
rith). Also, as we should expect, words dealing 
with household matters, names of implements 
used by serfs, etc. — as : barrow, mattock, mop, 
cudgel, clout, dam, crock, kiln^ gruel ; and 
indirectly (through the Norman-French) words 
like fjoaket. basket, loicket, bran, gown* One of 
the Keltic dialects is still spoken in Wales. 



Early Latin Words. The Homans left 
singularly few words as the result of their 400 or 
500 years’ occupation of these islands. The 
Latin castra (“ a camp ”) is found in plenty of 
place-names — as: Chester^ Dorchester^ Ghmcester^ 
Cirencester ; atrcUum is found in street^ Stratford ; 
eoLonia in Lincoln ; and fossa (“ a ditch ”) in 
Fossbury. 

The Coming of the Anglo-Saxons, 

Not long after the departure of the Romans 
from this country, fresh conquerors descended 
on its defenceless shores. From about 450 to 
550 A.D. a constant succession of Jutes, Saxons, 
and Angles streamed over from the lowland 
region in north-west Germany. Conquering 
the Keltic inhabitants, they drove them steadily 
northward and westward into the lowlands of 
Scotland, and into Cumberland, Westmorland, 
Wales, and Cornwall. These tribes were of Teu- 
tonic stock. As their area of conquest extended, 
their language naturally became more and 
more prevalent, until in course of time (long 
before the Norman Conquest) it was spoken 
from the Firth of Forth to the English Channel. 
Out of the union of the dialects spoken by these 
tribes, the English language sprang. Anglo- 
Saxon is thus the backbone of our modem 
English. We shall trace the development of 
this particular element a little later on ; mean- 
while, not to lose the thread of our historical 
sketch, wo pass on to the next great event 
influencing alike our nation and our language. 

Second Latin Influx. The introduction 
of Christianity brought into the language many 
Latin words of an ecclesiastical nature. We 
may call it the period of the second invasion 
by the Latin language. Words thus introduced 
are mostly the names of Church dignitaries, 
ceremonies, and the like. 1"hey came either 
directly from the Latin, or indirectly through 
Latin &om the Greek. Examples of the latter 
are bishop, presbyter, baptism, eucharist, church, 
monastery, monk, and clergy. 

The Scandinavian Element. Mean 
while, during all these centuries, the Norsemen 
and Banes were constantly landing on our 
shor3S, in more or less successful attempts at 
conquest. These were men of Scandinavian 
race, whose language was of the same group as 
English (Teutonic). Owing to their settlement 
here, wo have many of their words in our language 
to-day. A number of place-names in the north 
and east of England are Scandinavian — e.g., 
Grimsby, Whitby (by =-• town) ; Furness, Skeg- 
ness (ness = he^land) ; Troutbeck, Welbeck 
(beck = brook) ; Orkney (ey = island) ; Aira 
Force, Scale Force (force = waterfall) ; Thorpe, 
GnmBthorpe (thorp = village) ; Din^all, Thing- 
wall (thing or ding = place of meeting) ; Lang- 
with {with = wood) ; Lowestoft (toft^ small field). 

• The Norman Conquest. The Nor- 
mans introduced their language (a corrupted 
form of Latin) ' when they introduced them- 
selves. This is the third, and perhaps the 
most im^rtant, invasion by the Latin tongue. 
Norman-French became the language of the 
upper classes and of the Law Courts : even to- 
day our Soy^j^eign uses this language when he 
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f ives his assent to, or withholds his assent from, 
tills that have passed the two Houses of 
Parliament. For a time, however, the mass 
of the English people clung tenaciously to their 
old language, but gradually the two races began 
to blend, and English assumed the form which 
it has to-day — a fusion of Anglo-Saxon and 
Norman-French. “ Most of the words in our 
language which relate to feudal institutions, 
to war, law, and the cha.^ 0 , were introduced in 
this way.’* (Mason.) As w^as pointed out in the 
introductory article to the Study of Languages 
[page 114], one of the chief effects of the intro- 
duction of Norman-French was the gradual 
disuse of the grammatical infioxions of Anglo- 
Saxon. Under its influence our language has 
become largely analytic instead of being 
synthetic or inflexional. 


It may bo noted that the town-crier perpetuates 
a Norman-French word in his ‘‘O yes,” which 
really i« “Oyez,” the imperative of oyer, to hear. 


The Revival of Learning. What 
is called the “ Renaissance,” the great revival 
of the study of the classical languages in the 
sixteenth century, gave an immense number 
of Latin words to our language. This is the 
fourth, and practically the last, invasion on the 
part of Latin. A perfect craze arose for using 
long, cumbersome, and unwieldy words taken 
straight from Latin, and even from Greek. 
The authors of this period and school are 
often painful reading. For example. Trench 
gives the following uncouth creations : ” Torvo 
and tetric = stern, severe (Fuller) ; cecity = 
blindness (Hooker) ; insulse ~ tasteless (Milton) ; 
facinorous = guilty (Donne); sufflaminate = to 
put the drag on (Barrow) ; raoliminously = with 
effort (Cud worth) ; immarcescible = unfading 
(Bishop Hall) ; luciferously = bringing light 
(Brown).” 

Many of the words thus introduced have long 
since perished, and during the last hundred 
years or so there has been a strong reaction in 
favour of a return to a purer Anglo-Saxon 
diction. 

In many cases the same Latin word has given 
us two words in English, one coming direct 
from the Latin, the other through the medium 
of Norman-French. For example : 


Latin, 

Fragilis 
Ratio (-ncm) 
Potio (-nem) 
Quietus 
Punctum 
Factum 


Direct 
from Latin, 
fragile 
rational 
potion 
quiet 
punctuate, etc. 
fact 


Through 
Norman- French, 
frail 
reason 
poison ♦ 
coy 
point 
feat 


Similarly, hospital and hotel, blaspheme^md 
blame, pauper and poor, redemption and ransom, 
senior and sir, rotund and round, junction and 
joirU. 

Miscellaneous Words. In later times 
English has borrowed, words from almost 
every language under^ tHo sun ; sa our borders 
have extended, and as our odmmeroe has 
gr own, so has onr lengnagp l^ome, more and 
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more cosmopolitan. Some of the chief of these 
sources may bo mentioned : 

Chinese, Caddy, junk, gong, nankeen, tea. 

Turkish, Bey, ottoman, sash, tulip, janissary. 

Persian. Bazaar, altar, sherbet, turban, chess, 
dervish, hookah, lilac, musk, taffeta. 

Hereto. Sabbath, seraph, cherub, amen, 
leviathan, jubilee, Satan, ephod. 

Arabic. Alchemy, alcohol, algebra, almanac, 
alem^bio, tariff, zenith, zero, nadir, talisman, 
naphtha, coffee, mosque, fakir, giraffe, harem, 
sultan, vizier. 

Hindustani. Muslin, calico, rupee, lac, pun- 
dit, sepoy, thug, suttee, ohutneo, jungle, pariah, 
nabob, bungalow, coolie, curry. 

French, Etiquette, soir^*, menu, eau-de-vie, 
(h>f, ennui, bouquet, bon-bon, trousseau, 
ca^te-de-visite, tete-a-tete. 

Spanish. Alligator, armada, matador, 
toreador, battledore, galleon, cargo, bolero, 
eldorado, tornado, renegade, verandah, castanets, 
chocolate, don, negro, mulatto, grandee, pillion. 

Italian, Banditti, maccaroni, folio, quarto, 
stiletto, stucco, incognito, gazette, brigand, 
gondola, influenza, motto, opera, concert, and 
nearly all the terms used in music. 

Dutch. Boom, schooner, sloop, skipper, 
yacht, reef, skate. 

Gaelic. Clan, tartan, pibroch, slogan, plaid. 

Portuguese, Caste, cocoa, palaver, porcelain, 
marmalade, commodore, fetish. 

Polynesian. Taboo, tattoo, boomerang, 
kangaroo, wombat, wonga-wonga. 

American Indian. Squaw, wigwam, pampas, 
papoose, tobacco, tomahawk, maize, pemmican, 
potato, hammock. 

Scientific words employed in botany, medicine, 
etc., are mostly derived from Latin or (ireek. 

The Five Periods of English. It is 

possible to trace five distinct periods or stages 
through which the English language has passed. 

1 . Early Anglo-Saxon. This period extends 
practically up to the time of the Norman 
Conquest, at the close of the eleventh century. 
There were two main dialects of the language — 
the Anglian in the north and the Saxon in the 
south. Gradually the East Midland variety 
of the Anglian branch (spoken in the district 
round Oxford and Cambridge) spread to London, 
and became the parent of modem standard 
English. 

2. Late Anglo - Saxon. This lasted 
from about 1100 a.d. to 1250 a.d. The most 
noticeable feature is the influence of Norman- 
French. The Normans would not trouble to 
learn the Anglo-Saxon inflexions, conse- 
quently the language began to lose its inflexions, 
and many of its distinctions vanished. 

OrjD English. Tliis lasted from about 
1250 to 1350 A.D. The weakening' influence of 
Norman-French was still more pronounced, 
and the language became rapidly analytic. The 
English of those first .three periods is very 
different from that of to-day, and needs to be 
studii^ almost as though it were a foreign 
tongue. 


4. Middle English. But when we come 
to this period (1350-1500), of which Chaucer 
is the shining light, we approach much nearer 
to our modern language. A great deal of 
Chaucer can be read right off by any English- 
speaking person of average education. It was 
during this period that the East Midland dialect 
became predominant. 

5. Modern Enqush. 1500 to the present day. 
This brief review helps us to see that the two 
chief elements in the English language are 
Anglo-Saxon and Latin, or (as wc may also 
call them) the Teutonic element and the 
Romance element. The former was introduced 
into this country by the Angles and Saxons, and 
to a less degree by the Danes and Norsemen ; the 
latter came in, as wo have seen, either directly 
or through the medium of Norman-French. 

Teutonic v. Romance. These two ele- 
ments have blended together to form our modem 
language. But we must never forget that the 
basis, or framework, is Teutonic or Anglo-Saxon. 
It is true that there are more than twice as many 
classical or Romance words in our language 
as Anglo-Saxon, the numbers given by some 
authorities being respectively 29,000 and 13,000. 
Yot the majority of those used belong to Anglo- 
Saxon, and when we want to express our finest 
feelings, or to interpret the deepest things of 
life, we naturally resort to that language. It is 
at once the simplest and the most dignified. 
A wise writer, of course, will avail himself of 
both elements ; in fact, ho cannot help himself. 
But ho will see to it that while the super- 
structure may be Romance, the basis of his lan- 
guage will be Anglo-Saxon. lie will never 
choose a classical word when a Teutonic one will 
do equally well. As a rule, the Teutonic words 
are the shorter. Most words of three or more 
syllables, and many of those of two, are classical ; 
while in most words of one syllable, and very 
many of two, the Teutonic element prevails. 

Teutonic Elements in English. 
The following are the chief Teutonic elements 
in our language : Pronouns, numerals, preposi- 
tions, conjunctions, adjectives of irregular 
comparison, auxiliary verbs, all verbs of strong 
conjugation, and some of weak ; also most words 
relating to house, farm, family, parts of the body, 
common natural objects, common actions and 
things, trades, etc. On the other hand, words 
relating to law, religion, government, war, 
science, art, philosophj% are mostly classical. 

One great advantage given to the English 
language by this blending of two distinct 
elements is that it is particularly rich in words 
of similar though not identical significance. 
It can, therefore, express delicate shades of 
meaning thajt^ro impossible to other languages. 
Notice, for example, the following list of pairs, 
one word being Teutonic, the other classical : 


Teutonic. 

Classical, 

Teutonic, 

Classical, 

cold 

frigid 

breadth ' 

' extent 

hard 

difficult 

wedlock 

matrimoh; 

bitterness 

acerbity 

feeling 

sentiment 

God 

deity 

life 

existence 

iroxk 

labour 

love' 

passion 
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Te'uJtonic, Classical* Teutonic, Olassieat* 
maw stomach world universe 

bioom flower worship adoration 

hearera audience fire conflagration 

This list might be extended almost to any 
length. It will be noticed that, on the whole, 
the Teutonic words are more “ nervous and 
expressive than the classical. As a rule, they 
come first to one’s mind, the others being 
employed subsequently to avoid repetition, 
or to amplify the meaning. Naturally, our 
finest poetry is largely composed of the Teutonic 
element. Shakespeare is well worth studying 
from this point of view alone. The Authorised 
Version of the Bible, Bunyan and Defoe 
contain whole paragraphs composed almost 
entirely of Saxon words. For simplicity and 
pathos there is nothing to beat Anglo-Saxon, 
What is the charm of such a piece as, say, 
Tennyson’s “ Crossing the Bar ” ? Surely it 
is the fact that it contains hardly any but Saxon 
words : 

Sunset and evening star. 

And one clear call for me. 

And may there be no moaning of the bar 
When I put out to sea. 

But such a tide as moving seems asleep. 
Too full for sound and foam : 

When that which drew from out Uio 
boundless deep 
Turns again homo. 

Twilight and evening bell. 

And after that the dark : 

And may there be no sadness of farewell 
When I embark. 

For tho’ from out our bourne of time and place 
The flood may bear me far, 

I hope to see my Pilot face to face 
When T have crossed the bar. 

How many words of classical origin can you 
<!Ount there ? 

Perhaps the best modern example of the classi- 
cal style is to be found in the works of the late 
Frederick William Farrar. If we open them at 
any page, we find majestic, sonorous sentences, 
almost ever/ other word of which is of classical 
origin. For example : 

“ Christ willed that they should be husbands, 
and fathers, and citizens, not eremites or monks. 
He would show that He approved the brightness 
of pure society, and the mirth of innocent 
gatherings, no less than the ecstasies of the 
ascetic in the wilderness or the visions of tho 
mystic in his lonely cell. . . . Christ came not to 
revolutionise, but to ennoble and* sanctify. . . . 
He came to teach that the service which God 
loved was not ritual and sacrifice, not pompous 
scrupulosity and censorious orthodoxy, but 
mercy and justice, humility and love. He came, 
not to hush the natural music of men’s lives, 
nor to fill it with storm and agitation, but to 
re^tune .^veiy silver chord in that ‘ harp of a 
thousand strings ’ and to make it echo with the 
harmonies of beaveii.” 


Relation of English to Other Lan- 
guages. The languages of the world 
are arranged in families, according to resem- 
blance in grammar and vocabulary. One of 
these families is known as the Indo-European^ 
or Aryan family. It includes ; 

1. Sanscrit, which is the classic language of 
India, and exhibits the Aryan grammar in its 
most perfect form. 

2. Persian, the earliest literary form of ^yhich 
is called Zend. 

3. Slavonic, including Russian, Polish, Lithu- 
anian, Lettish, etc. 

4. Or ceco- Latin, including Greek and Latin, 
together with tho “ Romance ” languages derived 
from I.»atin, such as French, Italian, Spanish, 
and Portuguese. 

6. Keltic, comprising Gaelic (i.e., Irish or Erse, 
Manx, and Scottish Gaelic), and Cymric (i.e., 
Welsh and the Armorican of Brittany). 

6. Teutonic. This group is divided into two 
main sections, Scandinavian and German. 
Scandinavian includes Icelandic, Swedish, Nor- 
wegian, and Danish. German comprises High 
German (the languages spoken in South Ger- 
many) and Low German (tho languages spoken 
in the northern lowlands of Germany). To this 
latter section (Low German) English belongs, and 
has, for its nearest neighbours, Frisian, Dutch, 
Flemish, and Platt-Doutsch. 

Not all the European languages are of Indo- 
European stock. Turkish, Finnish, and Hun- 
garian (i.e,, Magyar), for example, are of a 
different stock. They have been introduced 
from Central Asia in comparatively modern 
times. 

Grimm’s Law. In addition to words that 
have been imported into English, there arc many 
English words, or roots of words, that are 
common to most of the Aryan languages. These 
have not been borrowed by one from another, 
but all tho different languages have received them 
from some earlier source. It has been noticed 
that in each set of these words common to several 
Aryan languages there is a certain relation 
existing between tho consonants. Tho expres- 
sion of this relation is known as “ Grimm’s Law,” 
because it was staU^d by Jacob Grimm (1785- 
1803). It is given by lltason as follows : “If 
the same roots or the same words exist (1) in 
Sanscrit, Greek, Latin, etc. ; (2) in Gothic or the 
Low German dialects ; and (3) in Old High 
Gorman, then 

1. When the first class have an aspirate, the 
second have tho corresponding soft chock (i.e., 
flat mute), tho third the corresponding hard 
chock (i.e., sharp mute). 

2. When the first class have a soft check (fiat 
mute), we find the corresponding hard check 
(sharp mute) in tho second class, and the cor- 
responding aspirate in the third. 

3. When the first class have a hard consonant 
(sharp mute), the second class have the aspirate, 
and the third the soft check (flat mute). In this 
third section of the rule, however, the law holds 
good for Old High Genqan only as rogards the 
dental series of mutes, the fiat j^ttural being 
generally replaced by L and the flat labial by f* 
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Exampka . 


Greek 

1. 

Latin 

Sanscrit 

Eng- 

lish 

OU 

Gothic High 
German 

chen 

ih)anser|hanBa 

goose 

gans kans 

ther 

fera 


aeer 

dius tior 

phero 

0 

Ifero 

Ibhri 

bear 

baira piru 

A. 

gnojcni 

gnosco 

|jn4 

know 

[kan tchan 
taihunjzehan 

deka 

decern 

Idasan 

ten 

katmibie 

3 

1 — 


hemp 

— |hanaf 

kardia 

cordis 

Ihridaya heart 

hairto (herza) 

treifl 

ires 

[trayas 

jupari 

three 

jthreis dri 

huper 

super 

over 

jufar ubar 


SPANISH 

Superlative of Adjectives. The relative 
superlative [see page 1447] is formed [see page 
1035] by putting el nuis, la mas (the most), in 
front of the positive adjective. — el mas aUot the 
highest ; el mas negro, the blackest. 

A superlative of inferiority is obtained in a 
similar manner by using el menos, la' menos 
(the least). — el weru>3 rdpido, the least quick. 

The absolute superlative, which in English is 
made with the adverbs *' very,” “ most,” “ extreme- 
ly,” is formed in Spanish by placing muy before 
tho positive adjective, or by affixing to it the ter- 
minations isitna, isimos, isimas, according 
to the gender and number of the noun it qualifies, 
— fdcil, muy fdcil, fdciHsimo, easy, very easy, most, 
extremely easy. If the adjective encis in a 
vowel, the terminations are affixed after drop- 
ping tho final vowel.— -gf/awds, muy grande, 
gra^tsimo, large, very large, extremely large. 

Adjectives ending in co, go, hie, z, change those 
letters into qu. gv, hiU and c, before affixing tho 
superlative terminations.— no^aft/e. notahilisimo, 
notable, very notable. 

Among important superlatives irregularly 
formed are the following : juerte (strong), 
fortisimo ; bueno (good), bontsimo ; nuevo (new), 
nomsimo ; fid (faithful), fidelisimo ; sahio (wise), 
sapientisimo. Some adjectives have an irregular 
absolute superlative, besides that ending in 
isimo. The principal are : bueno (good), optimo ; 
malo (bad), pesimo ; grande (la.rge), maxima ; 
pequeno (Binall), mmimo ; aUo (high), supremo ; 
bajo (low), infi-mo. 

Poasessive Pronouns. The possessive 
pronouns are as follow : 

Singular Phiral 

mio, mine nuestro, ours 

tuyo, thine vuestro, yours 

suyo, his, hers, s^tyo, theirs, 

yours yours. 

l^ossessive pronouns agree in gender and 
number with the substantive to which they 
relate, and are preceded by the definite articles 
el, la, los, ha traido sus cartas, pero yo he 

olvidado las mias; he lias brought his letters, 
but I have forgotten mine. 

In sentences formed with the verb “ to be,” 
meaning to belong to,” the words el, la, Zoa 
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The student will find it interestihe to take 
other words, such as garden, daughter, door, dart, 
middle, brother, beech, be, kin, knee, foot, two, 
tooth, hdp, thou, other, faiher, full, fish, etc., and 
tr^oe their relationship with kindred w'or^ of 
other Aryan languages along the lines of this 
general law. English thus ceases to be an inde- 
pendent language, arbitrarily invented for our 
exclusive use. Wo see it to be a gradual growth, 
a single member of a large family of tongues, 
with brothers and sisters, nephews and cousins, 
closely related to it on all sides. It thus 
falls into its place in the general scheme of 
evolution. 

ENOLISIl CONCLUDED 


By Joae Fie Clirceles, B.A. 

are omitted.— eM myVi WO es nuestra; that box 
is not ours. When the po.ssessive pronouns are 
preceded in English by “of,” this preposition as 
AveU os the article is always omitted in the Spanish 
phrase . — un libro suyo (de ella) ; a book of hers. 

The possessive adjectives “ my,” “ his,” “ your,’* 
and so on, are sometimes translated by the posses- 
sive pronouns, and then placed after the noun they 
qualify in order to emphasise their meanings. — 
eso no es debar rnio; that is not my duty. 
As in the cose of tho possessive adjectives, de el, 
de ella, de Vd, and sa on should sometimes be 
used instead of s^iyo, suya, and the like, for the 
sake of clearness. 

Imperfect Indicative of Ser 
Singular Plural 

era, I was cramos, wo were 

eins, thou werl* trais, you were 

era, he, she was, you eran, they, you were 
w'cre 

Imperfect Indicative of Ju^lar 
Singular Plural 

estaba, I was estdbamos, wo were 

esiabas, thou wort estdbais, you were 

estaba, he, she was, you esfaban, they, you were 
wore 

The imperfect indicative can also bo trans- 
lated “ I used to be,” and *so on. 

Sentences formed with “was,” “w'ere,” and a 
present participle aro sometimes literally trans*. 
fated. The student mustthen bear in mind that, in 
all phrases of this kind, to be ” must always be 
rendered by esiar, not ser, as the sentence then 
conveys the idea of what was being done at the 
time of reference only ; thus, she wak singing, 
estaba cantando. 

Imperfect Indicative of Tener 
Singular Plural 

tenia, I hod ieniamos, we had 

tenias, thou hadst feniaia, you had 

tenia, he, she, you had fenian, they, you had 

Imperfect Indicative of Haber 
Singular Plural " 

habia, I had habiamos, wo bad 

thou hadst habiais, you had 

hedfia, he, she, you had hahkmi they, you had 
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Exeroisb XVIIl 

expensive caro short corto 

exercise t-ema difficult dificil 

phrase frase easy fdcil 

to affirm afirmar happy feliz 

to think creer neither — nor ni — ni 

or ^ mistake equivocctcidn 

I do not know no se 

1. Whoso hat is this ? 2. Mine. 3. Have 
you sold his goods or mine ? 4. 1 have neither 

sold his nor yours. 5. Is your house more 
expensive than ours ? 0. I do not know, but 

I think ours is most expensive. 7. Her exercises 
are the shortest, but they are most diilicult. 
How are yours ? 8. Mine are easier than hers. 

9. He is not rny friend. 10. A phrase of his. 
11. They arc extroiiiely hai)py. 12. They 
affirm those niistake.s are not theirs. 

Imperfect Indicative of Regular 
Verbs. The frst conjugation verbs form the 
iiiiptTfect indicative by adding to the stern tiio 
terminations aba, ahas^ aha^ dbamos^ dbais, aban, 
V'erbs of the.sgcomZ and third cnnjvgatiom add the 
terminations la, ias, ia, tamos, iais, tan. 


Imperfkct Indicative op Cotnprar 
Singular Plural 


cotnpr-aha^ I 

was 

eompr-dbamos 

, AV(‘. were 

cornpr-abas 

buying 

compr-dbais 

buying 

cotnpr-aba 


conipr-ahan 



Exercise XIX 


to change 

aunhiar 

to govern 

gobernar 

to hide 

or altar 

to fight 

laehor 

to hire 

algailar 

to spend 

gasfar 

to SIIOAV 

nevar 

key 

Have 

motor-car 

autfmiovU 

estate 

hacienda 

absent 

ausente 

top 

cambre 

mountain 

montami 

while 

mie.ntras 

at homo 

en rasa 

soldier 

sokladu 

to administer 

admin istrar to help 

aj/adar 


a great deal of raucho advertisement anuncio 


1, Ho used to change all his banknotes at 
the post-office. 2. She used to hide the key. 

3. I used to hire a motor-car every morning. 

4. They used to administer the estate while 
the owner was absent. 5. The soldiers wore 
fighting on the top of the mountain. 6. The 
old firm used to spend a great deal of money in 
advertisements. 7. 1 was not at home that day. 


8. It had been &. 'owing the whole morning. 


Imperfect 

Indicative of 

Peher 

Singular 

Plural 

beb-ia. 

I Avas 

beh-iamos, we Avere 

beb-ias 

drinking 

beb-iais 

drinking 

beb-ia 


beh-tan 



.ExasRCisE XX 


to dine 

comer 

to do 

hacer 

to run 

correr 

to light 

encender 

to sell 

vender 

to sew 

coser 

work. 

trabajo 

Continent 

cemtinente 

low 

bajo 

price 

precio 

fire 

fuego 

young 

jdven 

to read 

leer 

to rain 

Uover 


1. 1 used to dine with my English friends. 
2. His horse used to run more than mine. 


3. She used to do my work when I was on the 
Continent. 4. Was it you who were knocking 
at the door ? 5. Who used to light the fire in 
your room ? 6. They used to sell at lower 

prices. 7. She used to sow a great deal when 
she was young. 8. We used to read w’hen it was 
raining. 


Imperfect Indicative of Cvtnplir 
Singular Plural 


cumpl4a 

, 1 was 

rumpl-tamos 

, Ave Averc' 

cumpldas fulfilling 

rumpl-iais 

fulfilling 

campUia 


cumpl-ian 



Exercise XXI 


to write 

escribir 

to sleep 

dormir 

to open 

ahrir 

to distribute 

distrihiiir 

to live 

vivir 

to come 

venir 

to correct corregir 

nearly 

casi 

camp 

cnmpaniento 

V indoAV 

venlana 

profits 

gananc.ias 

among 

entre 

mail 

correo 

near 

cerca 

river 

rio 

early 

letnprana 

at that ti me enttmees 

(exercises 

temas 


bookkeeper 

tenedor de 

libros 


at daybreak 

al amanecer 


shareholders 

accimislas 



teacher 

professor 



I. We used to write nearly all their letters. 

2. The soldiers use<l to sleep in the camp. 

3. He used to open all the windows. 4. They 
used to distribute the profits among the share- 
holders. 5. Wo Avere living near the river. 
0. Who was the bookkeeper at that time ? 
7. They had no agents in Paris. 8. She used 
to come very early. 9. The teacher used to 
correct his exercises. 10. Wo used to receive 
the mail at daybreak. 

Key to Exercise XV 
1. (Yo) uso sobres graudes. 2. Mi amigo 
cmplca dos criados. 3. (Nosotros) no avisamos 
a nuestros clientes. 4. ; Firma el sccrelario todos 
los cheques ? 5. No giran a la vista. G. i Hablan 
todos los empleados cspanol? 7. No viaja eii 
iiivicmo. 8. No aceptan nuestras oondiciones. 
9 i Trabajan muchas horas diariamento ? 10. 

I Toma Vi t(^ 6 caf6 ? 11. Tomo cafe con loclic, 

gracias. 

Key to Exercise XVI 
1. Aprende idiomas extranjeros. 2. Eso 
caballo corre muy de prisa (or, better, mueho). 
3. iCome Vd. mucho pan ? 4. El tendero no 
vende mucho ahora. 6. ^No comprenden su 
explicacion (do Vd. )? G. Creo quo no son inglescs. 
7. 4 Por pue no contestan ? 8. Por que temen 
las eon8ecucncia.s. 9. Yo no prometo eso. 
10. Dobomos tres trimestres. 

Key to Exercise XVII 
1. No vive aqui ahora. 2. ; Recibe Vd. noticias 
de America todas las semanas ? 3. ^ Por qu6 no 

adraiten ninos ? 4. No discutimos eso. 5. Los 
precios suben muy raramente en la primavera. 
6. i Qu6 decide Vd ? 7. Nunca cumple bus pro- 
mesas. 8. ; Qui6n reparte el dinoro ? 9. 

Surtimos & varias casas europeas. 10. No asisto 
d todas BUS reuniones. 

Continued 
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How to Take Patterns from Models. Copying Shapes from Measure- 
ment. Shape-making. Shaping the Tip. The Process of Mulling. 

PATTERNS & SHAPE-MAKING 


T hb advantage of being able to take patterns 
correctly is very evident, as the newest shapes 
are never blocked or sold retail. 

A milliner buys the trimmed models, and 
takes the pattern of them to copy either in a 
wire shape or to cut out in espatra or buckram 
for firm shapes to be covered with cloth, velvet 
or silk. The experienced milliner is very quick 
at seeing what will be the best way to set about 
it, as in a much curved and trimmed hat or 
toque it is not so easy at first to get at the 
actual shape. It may sometimes be necessary 
partly to take off the trimming. 

Taking the Pattern. A paper pattern is 
taken in three parts : the brim, the sideband, and 
the tip, each part being taken off before the next 
is begun to avoid tearing the paper. Unless it 
is a toreador, turban, pork pie, or pillbox shape 
hat — all of which have an edge to the brim — 
the brim pattern con be taken in one piece. 

Brim. The pattern is taken either from the 
inside or outside of the hat — whichever is more 
easy to get at. Take a piece of good tissue paper, 
place it with the corner to centre -front of brim, pin 
it with a steel pin, and smooth it away on either 
side until the brim is entirely covered without a 
wrinkle. Avoid placing the pins in a row, as 
that is likely to give fulness between [22]. Pin 
round the headline : cut away the paper round 
the edge, holding the hat in the left hand and 
the scissors in the right. See that the paper is 
cut exactly to the headline. Mark centre-front 
with small “ snick ” A- 

Take out the pins, fold the paper in half, and 
see that the two sides are exactly alike ; the 
edges may require cutting. (This applies to a 
plain hat with both sides alike.) In chca|)er 
bought shapes of buckram and straw, which are 
often one-sided, select the side which appears the 
iKjtter shape, and mould the other half to that. 
If the paper is not large enough, or the brim is 
too much fluted to be taken in one piece, join on 
pieces wherever necessary. 

Sideband. For the" sideband, start again 
from the centre-front, smooth and cut the paper 
wherever necessary on either side till it reaches 
the back [23]. Cut away along the top edge, and 
continue 8ni][)ping the paper round the bottom 
till it can easily bo cut away round the head- 
line. 

Snick for centre-front, and, in the case of the 
join coming at the side, snick also the centre- 
back. The join comes on the sideband wherever 
it is most likely to bo covered with the trimming. 

The Tip. The ‘‘tip.’ of a hat is generally 
roiuid, oval, or diamond, and it is therefore 
unnecessary to takp the pattern, for when the 
sideband is joined to the brim the shape of 
tip can readily be found. 


In toques and bonnets the pattern must 
always be taken, as there are so many kinds 
of fancy shapes. If the pattern is likefy to bo 
much used, run it on stiff not with flne cotton, 
cut the net to shape, and keep for future use, 
keeping all the parts of a pattern pinned together. 

In “ turban ” [40] hat brims, the second edge 
is often merely a straight piece, in which case 
it can be measured and cut out in paper ; if, 
however, it is ever so slightly shaped, a paper 
pattern should be taken. 

Round Dome Cro wns [ 24]. No pattern is taken 
of these, as they can be made from a blocked shape. 

Oval Crowns [25]. This shape may bo taken 
in two pieces — the sides and tip. 

Toques and Bonnets. Patterns of toques 
and bonnets are taken in the same way as hats. 
Bonnets of the Dutch [26] or Mario Stuart 
[27] type may be taken in one piece. The 
Coronet is a fancy-shaped brim in the front 
side or back of a bonnet. Such shapes as the 
Granny and Veroniquo bonnets must be taken 
in separate parts, as described for hats. 

Rough Straws. If it is impossible to take 
the pattorn of rough or fancy straws in paper, 
use pieces of stiff net or leno of about 2 in. 
square. Lay the pieces on the upper side of 
brim, each overlapping a little, and pin down. 

Cut the outer edge and headline of pattern to 
shape of hat, and make a snick for centre -front. 
Take pattern carefully from the hat. Pin this 
net shape on to a piece of paper or a large piece 
of not, and cut out the pattern again. 

To correct the pattern, fold it in half and check 
it, modelling from the side which looks the better. 
If there is any difference in size at headline, 
keep the shape of that which has been loss 
cut away. 

If straight, take the pattern of sideband by 
measurement, having the join at back, and 
allowing no turnings. 

Copying Shapes by Measurement. 

To copy a shape by measurement, which would 
be done if a wire shape is required, proceed in 
this order : 

1. Headline. Pin the in(‘h tape at the starting 
point, and work from right to left. 

2. Outside edge. 

3. Width of brim, centre-front, sides and back. 

4. Diagonal of brini — (o) side-front right, (6); 
side-front left ; (c) side-back right, (d) side-back • 
left. 

5. Diameter of brim — (a) front to back, (5) 
side to side. 

6. Depth of sideband. 

7. Size round tip. 

8. Diameter of tip — (a) front to; bRck, (5) 

side to side. *: . , 

0. Width between wires round edge. 
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Take tbe moasuremente from the insidt of 
model where possible, and make a note of any 
peouliarity of shape. If the pattern of a trimmed 
model is taken, measure all uie trimmings, noting 
XKMition of feathers, etc. Write them down in a 
notebook. 

If an espatra shape is required, obtain the 
measurements and then take a large square of 
paper, fold it in half, draw the headline and cut 
it out. To obtain ‘the radius, divide the size of 
head by 3, and this will bo the diameter of the 
circle ; halve this, which will be the radius. 
Open out the paper, mark all the difiFerent 
measurements from the headline. Proceed in 
the same way for the sideband and tip. 

After some experience, it will be easy to make 
up one’s own patterns, beginning in this way : 

Cut a square of paper the diameter of the hat 
to be made [28]. 

Fold it in half, then in half again, thus making 
a square [29]. 

Fold it diagonally [30], and diagonally again, 
always keeping the folded edges of the pajier 
together, and placing the new fold on the 
sepai^ate folds [31]. 

Cut off the triangle beyond the double part, 
slightly sloping it. If sloped too much, flutes 
will be formed round the edge [81]. 

Open it out, and it will 1^ found to be a 
circle. 

Refold, and from the centre point measure 
one-sixth of the headline, which should be cut 
off [82]. This gives a round brim with round 
headline, only suitable for children and young 
girls. For adults, the headline is mostly oval, 
which is obtained by sloping off \ in. along 
each side [38]. 

To make a brim wider in front than at the 
back and sides, instead of folding the circle in 
half fold it 1 in. or 2 in. from the front [34] ; 
refold, and cut headline as before [35]. 

For shapes like the Gainsborough [36], larger 
on one side than the other, cut the larger side 
first, and shape the smaller side after the head- 
line is cut. 

After getting the circle of paper with the head- 
line cut out, any shape may be made, according 
to fancy. An oval-shaped brim may be cut by 
slcming in. to in. away from each side. 

Half on inch taken from centre of bcK^k, sloping 
to a point in headline, will cause the brim to 
turn up or down [37]. A gusset, inserted either 
at the loft side or the side-back, will cause the 
brim to be very much curved [88]. 

Small cuts sewn together, slightly overlapping, 
will turn the brim up roimd e^e, as for French 
sailor hats and similar shap^. Thus, with a 
little originality and ingenuity, any kind of 
shape can be evolved. 

Sidebands. In making shaped sidebands 
more curve is required for those which are 
narrower at the top than at the bottom, and 
vice versa. [89 and 40]. The straighter the side- 
band, ‘the less the curve should be. For a side- 
band that is nearly straight very little curve is 
required. Straight sidebands, not ^der than 
3 in., . mjsy be cut on the cross of ihe spatrie 
and slightly stret 9 hed top or bottom [41]. 

jm 


Take a square of paper cf about 2Q in. Pro- 
ceed to fold it in the same way as for brim until 
a circle is obtained. Measure the depth of the 
sideband from outer edge, B [42]. Open paper 
out and measure along bottom the size of head- 
line. Measure along the top, A, about 2 in. less 
and cut off along the curv^ lines. No pattern 
need be made of the tip as it is fitted to the side- 
band when the shape is made up. 

Another method of obtaining the same result 
is to take a piece of paper, fold it in half, and 
mark the centre at top. Hold the end of a tape 
measure on this mark and make A at 16-18 in. 
down. Sweep to cither side of A [43]. Measure 
upwards 2J in. or 3 in., according to size required, 
mark B, and sweep round again. 

Measure along curve from A half the size 
of headline. Mark each side and draw a lino 
from the pivot to these points. Cut along the 
curved lines. 

Fancy patterns of toque shapes should be 
made in wire from measurements taken. They 
would be difficult to copy in hard materials, os 
these do not lend themselves to such manipula- 
tion. 

Children’s hats and bonnets may bo drafted 
from measurements. For hats, only one measure- 
ment is required — size of head. For bonnets 
there are four measurements : Over the head to 
below the ears, 14 in. ; ear to ear, round back 
of head, 6 in. ; forehead to nape of neck, llj in. ; 
forehead to centre crown at back of head, 5 in. 

Cut length of paper to correspond in length 
with the first measure and in width with the 
fourth measure [44]. Round the comers. 

For the back of the bonnet, cut a square of 
paper the size of third, less the fourth measure 
[46]. Make a circle from the square. Fold it 
in half and cut off 1 in. to in. to form an 
oval. 

Cut off 1 in. from the bottom. For “ Coro- 
nets,” with revers (the patterns of which are 
made separately) [49 and 60], place the front of 
bonnet flat on the table, pencil roimd the shape 
on paper and draw the shape arid width re- 
quired. , 

The cutting out, making, and trimming of 
the bonnet shown in 46, 47, and 48, are described 
when dealing with Children’s Millinery. 

SHAPE-MAKING 

Having learned to take patterns, we will 
proceed to make the shape. The best milliners 
usually make their own shapes, as they are 
much lighter, fit better, and possess^ more in- 
dividuality. The block shapes bought in shops 
are iumed out by the thousand, and are mostly 
made of an inferior kind of buckram, badly 
wired, and, in some cases, the different parts are 
only gummed together. 

We will take first “winter” shapes, which 
have to be covered with velvet, cloth, silk or 
fancy millinery material. The best material 
for shape-malwg is espatra, known in the 
trade as “ spatrie.” 

It is made only in white in sheets 24 in. by 
31 in;, and in two kinds, stiff and soft. ’The' 
stiff is used lot straigjht or vefy:)di^tly 4mr«e^ 
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brims and crowns. The soft spatrie is better for 
the curved brims of hats, toques, and coronets 
of bonnets. It is easier to manipulate as it 
stretches ; or can be eased on the wire. It also 
makes tho shape lighter in eight. If espatra 
is not obtainable, millinery buckram is the best 
substitute, made only in black and white, and 
sold by the yard. 

Open out tho pattern and place it on the 
espatra with the front (which was marked in 
each piece with a “snick”) to the comer. 
Remember that all parts are cut with tho centre- 
front placed on the cross [61]. Pin the pattern 
firmly on the espatra, leaving th(‘S(^ turnings : 
(1) J in. turning inside headline ; (2) J in. at each 
end of sideband. 

If the brim is cut at the back (36 1, in ordt'r to 
overlap or sew in a gusset, leave * in. turning 
each side. 

Mark on tho espatra tho centre-front of each 
part ; cut out and remove the pattern. 

Making up the Shape. Snick the ^ itr 
turnings left inside the headline, ^ in. apart, 
and turn back to rough side, defining W'ell llu^ 
headline [52j. 

All parts of the shape must now be wired, 
using the wire stitch, one wire coming to two 
edges. Use firm support w'ire. 

Brim, Wire headline on rough side of espatra 
outside the turnings [62J. Overlap the wires 
for 2 in. wherever they join. Wire edge of brim 
on the muslin or smooth side of espatra at the 
extreme edge [53]. Sew another (finer) wire J in 
from the edge on the under part of the brim [53). 

Sideband. Pin centre-front to centre of front 
of brim, the smooth side of the spatrie coming 
outside 164]. Backstitch evenly all round to 
turnings of brim and over the wire, and stitch 
up tho join. Wire inside the top of sideband 
at the extreme edge. 

Tho Tip. As no pattern is usually mad(* for 
a hat tip, a piece of espatra, rather larger than 
required, is pinned on sideband (wfith the cross 
of espatra to tho front of sideband ), smooth side 
uppermost [64 j. Cut off about I in. at the time, 
to shape of sideband and wire, stitching it as 
you proceed. V^hon the half is done, start again 
from the centre -front. 

Shaping the Tip. Great care should be 
taken to keep the tip a good shape, and not to 
cut away too much, or it will sink in, and prevent 
the . covering from setting well. Dome crowns 
[24] are bought blocked ready made. 

Oval crowns with a dip in the centre [26] 
have the tip rubbed and stretched in the centre 
to tnake the necessary dip. 

Oval crowns without dip are cut from two 
similar pieces, wired on one side, and the other 
sewn to it. 

When a brim has to be gradually curved, as in 
a Gainsborough or San Toy, the shape should 
be held on the arm, or some other soft substance, 
and the espatra gently rubbed with a thimble. 
Rub on tho outside for an upward, on the under- 
neath for a downward curve. 


For a boat shape, in wiring the edge of brim 
the shape is slightly contracted. 

For fluted brims the edge is slightly stretched 
in the wiring. 

In shapes with crowns larger at the tox> than 
at the base, the crown is not sewn on until the 
upper brim is covered [40]. 

In some shapes with deep sidebands tho brim 
is slipped over the crown, part of the sideband 
making the bandeau [53 J. 

Bonnet shapes are made up in the same way 
as hat shapes, except that the outside wire 
must go all round, overlapping for 2 in. -at tho 
back. Gut tho tip exactly to pattern, and the 
sideband with J in. turnings round the bottom, 
(kit tho front or brim with i in. turnings round 
the head, snicking the turnings at regtilar inter- 
vals, and folding them back to tho edge of pat- 
tern to define the headline distinctly. 

Wire-stitch a wire round the outside of those 
.snicks as for hat, leaving .J in. of wire beyond 
each end. Pin the bottom of sideband round the 
headline of tlu? front, beginning from the centre- 
front, and snick the i in. turning to make 
it set well. Then backstitch thi.s r6und. 

Wire the top edge of sideband inside, leaving 
i in. of wire at each aide. Pin the tip round 
the top of sideband, and wire-stitch it on caro- 
fully. 

Wire the edge all round, nipping on tho J in. 
turnings left at tho ends of the sideband and 
headline. Wire-stitch it across the back, over- 
lapping the wire for 2 in. where they meet, 
and cut away any rough turnings that may bo 
left in.sidc. 

To enlarg(‘ a bonnet shape, cut the pattern in 
the middle, leaving the sides the same shape, 
and add 1 in. or 2 in. in the cu'ntre of shape. 
If the sideband is also enlarged, it will miik(^ 
the whole band wider. 

Mulling. Mulling is the process of covering** 
the wires with mull muslin to prevent the wii\.' 
and stitches marking tin; material. Cut strips 
of mull muslin on tho cro.ss, or sanjonet about 
1 in. wid(s turn in the edges, bind round tho edg j 
of brim and tip. using the long backstitch [55 J. 

Mulling the tip must be done by two pro- 
cesses : first sew round the tip, and then round 
the .sidebantl. It will not set well if tho stitches 
are taken through both edg(‘s alternately. 

For shapes to be covered with silk, crepe, thin 
velvet, or similar light millinei’y material, 
both iii)pcr and under brim and entire crown arc 
covered with mull cut to shape, and the edges 
mulled as described above. Often the under 
brim only is mulled all over, in which case tho 
wire J in. from edge of brim is omitted. 

Hat shapes built up in this way are lighter 
in weight than shapes that are made entirely of 
wire. Espatra, further, lends itself more readily 
than wire to manipulation where a soft effect Ls 
needed. Wire shapes, on the other hand, are 
firmer, and, if carefully handled, will keep their 
shape much longer. These are dealt with in tho 
next chapter. 

ANTOINETTE MEELBOOM 
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Autogenous Welding. Air-hydrogen, Oxy-hydrogen and Oxy-acety- 
lene Blowpipes. The Use of Thermit. Hard and Soft Solders. 

WELDING AND SOLDERING 


I sr tho manipulation of metals it is cs.sential 
that there should be sin\ple and eilicient 
methods of uniting two pieces of the same or 
different metals, and there are many processes for 
making such unions. The ideal method is by 
U'elding — that is, by fusing, or almost fusing, the 
edges of the metals to bo united, usually by the 
heat of a coke fire, and by hammering the edges 
un!il the opposing surfaces become merged into 
each other, making a homogeneous and strong 
union. In making a weld — with two pieces of 
wrought iron, for instance — the finished work may 
be as strong as if it had originally been rolled in 
one piece ; and if a subsequent rupture takes place, 
it i.s as likely to be at some other spot as at tho weld. 
Hut many metals — such as cast iron, many steels, 
zinc, brass, etc. — cannot be welded by tho simple 
process described, and some cannot be welded at 
all. In cases where the temperature of the coal o\ 
coke fire cannot raise tho metal to a temperature 
sufficiently high to permit welding by the time- 
honoured method of heating in the fire or blow- 
pi f)e, tho process of electric welding may bo em- 
ployed, and is extensively employed in welding 
steel. The air-hydrogen blowpipe — that is, a blow- 
oipe the gas of whose flame is a mixture of air and 
nydrogen — is also used in the. process known as 
“burning” or autogenous soldering or welding. 
Now the oxy-hydrogen and the oxy-acetylcne 
blowpipes are employed for tho same purpose. 
The wonderful thermit process introduced a few 
years ago is also of great industrial importance, 
and by its agency welds in difficult positions are 
easily and economically mode. It takes advantage 
of the great affinity of aluminium in the form of 
powder for oxygen and the very high temperature 
attained during the process of (chemical union. 
All these processes we shall consider at some 
length. 

Soldering. But in addition to the various 
welding processes there are the proces.scs of 
soldering, which mav be divided into two classe.s — 
hard soldering and soft soldering. The value 
of soft soldering compared with welding is that 
it may be used without necessarily spoiling the 
appearance of the surfaces being united. In 
soldering, the two surfaces to be joined are not 
raised to the point of fusion. Union is attained 
by tho use of a third substance— the . sofdcr — an 
alloy with a lower melting point than the metal 
being joined, which, by the help of a fiux^ is 
made to flow over the surfaces to be placed into 
confect, so effecting union. Soft soldering does 
not give such an intimate union as welding, but 
it is sufficiently strong for very many purposes. 
Ordinary tinware is invariably soft soldered. The 
process is the only one fhat would permit the tin- 
coatitd iron surface to retain its finished appearance. 

Hard soldering, on the other hand, uses alloys 
of a . much higher melting point than the soft solders, 
and the unions are therefore stronger. These hard 
solders are usually termed in the trade ” spelter ” 
or ” brazing spelter.” The name should not be 
confounded with the word “ spelter ” used as a 
B^onym for ingot zinc. 


We do not include in the processes of uniting 
metals the mechanical one of riveting, which 
scarcely falls into the classes of work we set out 
to eonsider. 

Welding. Welding is ' possible with those 
ihetals which, as they are raised tinder the 
influence of heat from cold to the fused or 
molten state, pass th oiigh a pasty or plastic 
stage. This plastic stage is the welding heat. 
The ends of two bars of iron may bo heated 
to this welding heat, placed in contact and 
hammered, and the result is a weld. The ends 
may be sloped or upset ; or one may be split and 
the other pointed, so as to give greater chance 
of a good wold. Tho process is described in 
smith’s work. Tho necessary conditions for a 
good weld are that the welding surfaces should be 
as large as possible— hence the sloping, upsetting, 
or splitting — that there should be no scale or oxide, 
and that tho heat should be sufficiently high. 
To remove any scale that may exist, welding 
powders, so-called, are frequently thrown upon the 
surfaces to be united. The most frequently usofl 
powders are boric or boraoio acid and silica or 
sand. The effect of these powders is to form 
with the scale a slag, w'hich fuses readily, and 
does not therefore interfere with the process of 
welding. 

No weld is possible with oast iron or steel, the 
carbon content of wtoh exceeds 2 per cent., as 
these metals pass qurokjy from the solid to the 
molten state and have ^ plastic stage to give them 
a possible ” welding haat.” 

Welding Steel. Iron is welded at white 
heat or a high red heat, but steel must be welde.1 
at a lower heat — in fact, the heat of the latter 
should never be raised higher than the degree 
necessary to effect a weld, or the quality of the metal 
is impaired. At the beginning of a steel weld the 
pieces should be struck lightly,* and only after 
the weld has gone a little way should the sledge- 
hammer or the power-hammer be used. Steel 
must bo worked quickly on account of the low 
heat at which the work must be done, and oven 
then it may be necessary to give it more than one 
heating. The article welded must be annealed 
after welding — that is, it must be heated slowly 
to welding heat, and allowed to cool gradually. 
After being heated, the article may be covered with 
dry, warm sand, or may bo left in the forge until 
the fire is cold, either method giving the necessary 
time for cooling ; but, of course, the latter is im- 
practicable if the fire is in constant use. 

Tho fuel in heating cast steel for welding 
purposes should be coke or breeze, and not ooaL 
The steel should bo heated quickly, being mean- 
time covered from the air. The welding heat is 
low, and the metal should not be overheated. 
Before putting it into the fire, a flux oomposed of 
equal parts of borax and washing soda and a little 
white glass which has been fused together and 
afterwards ground, should be sprinkled over it, 
which will dissipate the oxide that may form. Manjr 
other fluxes brides that mentioned may be us^. 
One authority recommends a mixture A SulphiAr, 
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sal amitioniao, and borax in the proportions of 
1, 2, and 10 respectively; while another nses 
powdered white marble. 

In welding cast steel to iron the latter must be 
raised to a much higher heat than the former. 
Usually a flux different from that mentioned above 
is employed. It generally contains a percentage 
of prussiate of potash with borax and sal-ammoniac. 
An extensively used French process of weldmg — 
the Lafitte— -uses plates made of wire gauze covered 
with the fluxing powder. 

Weldlni^ Copper and Platinum. Copper 
for welding is usually heated under the blowpipe 
instead of in a fire, for the carbon of the fuel would 
unite with the metal and form copper phosphide, 
making a solid weld impossible. Cop()ei , particularly 
at its welding heat, is very soft, and requires careful 
manipulation, as it does not offer the resistance 
to blows that iron does. The flux should be applied 
before the metal is at the proper chorry-rod welding 
heat. It usually consists of sodi phosphate and 
boracio acid in the proportions of 1 and 2. 

It is possible, but difficult, to weld platinum, 
because this metal gives off its heat so rapidly that 
the heated edges scarcely remain at a welding 
temperature long enough for the operation. To 
make an efficient platinum weld it is necessary to 
have the hydrocen blowpipe playing upon the 
surfaces during the entire operation. No welding 
powders are used for platinum. 

Autogenous Soldering, or Burning. 

The process of autogenous soldoring, or hurning, 
as it is commonly termed, conshsts in uniting two 
pieces of the same metal or of different metals by 
fusing the edges to be joined, and thereby causing 
them to run together so as ^ form a strong union. 
It 18 more akin to welding wn to soldering proper, 
hence wo give it considei^ibn before passing on to 
discuss the subject of soldeHng. It makes a much 
stronger and more intimate union than soldering. 
No interposing metal is used, hence the expansion 
and contraction of the finished joint is uniform, and 
rupture is not likely to take place under any strain 
insufficient to rupture the solia metal. In soldering, 
also, the interposed solder is apt to oxidise more 
or less than tiu joint, thereby causing weakness; 
autogenous soldering Is free from this objection. 

The heat used in autogenous soldering must be 
intense enough to fuse the metals being operated on. 
Hence, until recently it has been only the metals 
with comparatively low melting points that have 
been “ burned ” with the help of the blowpipe. 
But during recent voars the oxy- hydrogen blowpijie 
and the oxy.aoetylene blowpipe have been pressed 
into service for autogenous soldering, so that now 
even iron, stee! and nickel can m successfully 
joined by burning. Wo shall consider these im- 
provements in the process when we have discussed 
its older applications. 

We must recognise two classes of autogenous 
soldering. In one, molten metal the same as that 
being joined is poured over the edges desired to be 
Join^ It unites with these edges and forms, 
if thoroughly successful, a homogeneous mass with 
the work upon which it has been poured. We have 
seen this process already in the treatment of brass 
castings which are required in one piece, but 
Sire, .for foundrv convenience, or because of the 
limited sizes of moulding boxes, oast in two or 
more pieces (see page 1726). The process is also 
used for iron oastmgs, small pieces that have 
broken off a large casting being renewed by this 
means, or faulty parts of a large casting being 
intentional^ removed and renewed by pouring 


molten oast iron around the part, placed in a suitable 
mould. In these oases the essentials to good work 
are a properly prepared mould, in which the work 
is placed, and into which the molten metal may 
be poured, a high degree of fluidity in the pouring 
metal, and provision that the first part of the 
pouring may run out by suitable gate.s after passing 
over and heating the surface. Thus, the cold 
surface is thoroughly heated before the later part 
of the pouring reaches it ; the union by this means 
is more certain, and stronger. To attempt to use 
the first port of the pouring beforj the cold surface 
had been raised to the point of fusion or semi-fusion 
would result in a chill. 

Pewter and Lead Burning. Pewter 
work is usually united at the corners by auto- 
genous soldering, especially if the piece be of 
such a shape as to make soldoring from the inside 
impossible. A small piece of pewter of suitable 
shajic is laid upon the part where the union is to 
be. and heat is applied with a copper soldoring bolt, 
which is passed over the work until the joint is 
properly made. The work is then filed and polished. 
If it has been properly done no joint is visible, 
and the corner looks as if it had b^n mode from 
the solid. I'he heat may bo applied bv means of a 
blowpipe instead of with the soldering bolt. 

Lead burning is the most common application 
of autogenous soldering. For lead tanks and load 
vessels used in chemical works “ burning ’* is tlic 
only proper method of making a joint. The lead 
to bo burned must be scrapoa clean. For some 
work, such as lead roofing fseo plumbing], it is 
sufficient that the two edges to bo joined overlap a 
little ; but for strong seams, such as are requirea in 
the bottom of acid tanks, strips of clean load are 
placed above the two butted edges it is desired to 
join, and the heat, when applied, causes the new 
piece to fuse on to the top of the other two above 
the butt. The heat may be applfed with a 
plumber’s lamp, or by a blowpipe burning service 
gas, but the best and usually most convenient 
method is by a “ burning machine ” or hydrogen 
gas generator. This is an apparatus consisting 
of a lead cistern, into which zinc cuttings are 
put with diluted sulphuric acid so that hydrogen 
is evolved, and after passing through a water 
chamber to be purified is lea into an air vessel, 
which is merely a barrel containing an inverted 
circular tank of zinc floating on water. A suitable 
pipe is led from this tank, and by applying a weight 
to the top of the fioating tank or gas bell, the 
hydrogen is given pressure to send it with the 
required force through the blowpipe, which is 
connected to the end of the pipe. 

Lead butning may have to be done in work in a 
horizontal position, working from the top. It may 
have to be done upon lead in a vertical position, 
which is much more difficult. It may, finally, 
have to bo done overhead, and this is naturally the 
most difficult of all. The method pursued may bo 
divided into two classes : surface fusion, which is 
comparatively simple, and through and through 
fusion. Lead oxidises rapidly, especially when hot^ 
and oxidised edges cannot be joined so as to give 
a perfect seam. The outside fiame of the bfow- 
pi]^ is an oxidising fiame, and the point of the 
inner flame, which is the point of greatest heat, 
should be applied to the spot it & desired to 
fuse. The olowpipe should be brought sharply 
into position and withdrawn sharply, so that the 
external flame may not linger upon the lead that 
is fused or in process of fusion. Some bui^nera 
claim to be able to run down a sem without 
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withdrawing the flome, but this is neither the usual 
nor the safest practice. Intermittent fusion is 
better. Select a {loint of the work and apply the 
flame to it until a cirele of semi-fusion is made. 
Then withdraw the flame for a moment and select 
another point a quarter of an inch along the seam on 
which to operate. With heavy load — say over 6 lb. 
— the seam must bo attacked on both sides to make 
first-class work. When the position of the work 
makes this impossible, the two edges to bo joined 
should bo butted and the edges should be scraped 
so as to form UtV-shaped joint, with the apex of the 
V where the edges touch. A strip of lead should 
now be burned on to the recess, the surfaces mean- 
while being kept clean by scraping with a shave- 
hook. 

Care should be taken to get a flame of the proper 
.slui|)e. It should be pegular, each side of it. being 
the shape .of a true arc drawn from the {loint of 
issue from the blowpipe to the tip. An irregular 
flame splutters out in the shape of a horse's tail 
and has no true point. The proper shaj^ of flame 
can be got only with practice, and by making the 
pressure and quantity of both gas and blast pro- 
portionate, so as to give the best results. 

The Rlowpipe. We may consider the 
blowpix>o. It is essentially, in the case we have 
been considering, an apparatus consisting of an 
inner or central brass tube, and an outer brass 
tube encompassing the inner one. The inner tube 
is connectea to the gas supply, in this case the 
hydrogen generator. 1'ho outer tube is connected 
to an air blast, usually either a fan or foot 
bellows. The gas coming from the inner tube 
is ignited, and by causing a blast to i.ssue from the 
larger and surrounding orifice the flame is directed 
upon any piece of work to which it is desired to 
apply heat. The principle is the same whether 
the fuel bo hydrogen, coal gas. oxy-h>drogtii g s. 
or oxy-acetyleno gus, the gases in the case of 
the two last- mentioned being mixed in the blow- 
]ii|)e. The hottest- part of the flame is the 
point of the inner or blue flame, and for work to 
.which it is desired to apply the greatest possible 
heat the blowpipe is held so that the part of 
the flame mentioned may impinge upon the work. 
Most blowpipes have a spring device by which the 
blast passing up the blowpi}ie may , bo regulated 
in accordance with the requirements of the work. 

For small work an ordinary mouth blowpipe 
is used, and jewellers invariably use such a blow- 
pipe. The heat is the flame of a spirit lamp, and 
the tip of the blowpipe is inserted into this flame, 
and the workman, with cheeks distended, blows 
through the blowpipe, meantime holding the article 
to which he is applying the heat in the proper 
position that the flame may bo blown upon it. In 
such cases the article is usually put upon a block 
of charcoal. An efficient blowpipe device may be 
made by anyone with a penny candle and the stem 
of a clay pipe. 

Oxy • hydrogen Blowpipe Welding. 

One difficulty long stood in the way of oxy-Jiydrogen 
blowpi^) welding — the lack of any known method 
of producing the gases at economical cost. This 
difficulty has been overcome by a process recently 
introduced by Messrs. Braby & Co., of London 
and Glasgow. The advantages of the oxy-hydrogen 
flame 6yer the electric arc for welding purposes are 
that it is under complete control, and wat it is not 
liable to alter the carbon proportion of the st^l 
being welded. The decomposition of water by 
electrolysis is obviously the most simple manner 
of .securihg the two gases, and the apparatus used 
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does this effectively at low cost. Two problems 
had to be solved in designing the apparatus-^thc 
selection of the best material for the electrode 
plates and ' some manner of collecting the gases 
apart. The tank used is 6 ft. long and 18 in. deep, 
its sides bein^only IJ in. apart. A vertical plate 
of iron is placed the whole length of the thin tank 
60 as to keep the gases apart as they are generated ; 
this plate lias a rectangular aperture so as to permit 
the flow of the electrolyte. The opening at top 
of the tank is closed with two rubber blocks, 
which rest between the centre plate and the sides. 
The sides of the tank are of iron and form the 
anode and catliode. To the water in the tank is 
added soda, which liberates sodium and hydrogen at 
the cathode side and oxygen at the anode side. The 
sodium, as soon ns liberated, decomposes the water 
in its vicinity, thereby' increasing .the delivery of 
hydrogen at the cathode. Water is added con- 
tinuously by means of a pipe at the bottom of the 
tank and the gases are led off separately from the 
top, passing through a 3 ft. water seal, into the 
gas holders, where they are stored. In each giis 
pi|ie a piece of platinum is kept red hot by electric 
current, ond this provision removes any traces of 
oxygen from the hydrogen and any hydrogen from 
the oxygen. At Messrs. Braby's works the current is 
200 amperes at 70 volts, and passes through thirty 
vats in series. The blowpipe, where the gases 
are burned, is a conical mixed jet pipe with a 
small brass nozzle. The work Hone with the 
oxy-hydrogen blowpipe includes tlio autogenous 
soldering of all kinds oi sheet iron work and general 
repair work of all kinds. The process is used for 
iron, steel, brass, copper and other metals. One 
metal may be fused to another by its means. 
Oxygen and hydrogen are used in the apparatus 
in tlio proportion of one to six respectively, and 
as the decomposition procsess yiedds the two gases 
in the proportion of one to two, there is excess 
of oxygen, which is conifircssed into cylinders and 
sold for modioul and other purposes. 

In autogenous soldering of iron and steel by 
the oxy-hydrogon or oxy-coal-gas, difficulty is 
experienced owing to the oxidation of the iron 
by the steam produced in the flame. A French 
precaution to avoid this oxidation consist.s in the 
addition to the coal-gas or hydrogen of. a hydro- 
carbon rich in carbon, substances such ns acetylene 
or the vapour of light petroleum being* used. It 
is claimed that by this means the products of 
combustion contain less steam and more carbon 
dioxide ; also that the latter is partly dissociated with 
formation of carbon monoxide, which has a reducing 
action, and thus prevents oxidation of the iron. 

Oxy - acetylene Welding. The use of 
oxygen and acetylene in a special blowpipe for 
supplying the heat necessary in autogenoms welding 
is a recent development and has many advantages. 
Pioneers in the manufacture of apparatus for 
this work are the Thorn and Noddle Acetylene 
Company, of London. The oxygon is contained 
in a cylinder, where it has been compressed to 
120 atmospheres. The acetylene is generated in 
an **incanto^* generator, and after passing through 
a purifying apparatus is led into a gas-holder, 
where it is retained under a pressure of 0 in. of 
water. With the oxy-acetylene blowpipe it is 
found, in practice, that the best welding results 
are obtained by a mixture of I volume of acetylene 
with 1 7 volumes of oxygon. The flame produced 
has in its centre a smnil white cone, at the apex of 
which the temperature is about 6,300^ F. This 
flame consists almost entirely of carbon monoxide/ 
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which is being converted at its extremity into 
carbon' dioxide. Round the. flame is a ^relatively 
cool jacket of hydrogen, which, not being able to 
combine with oxygen at the very high temperature 
in the* immediate neighbourhood of the flame, 
remains temporarily in the free state, and thus 
protects the inner zone from loss of heat while 
excluding tlie possibility of oxidation, which is a 
difficulty other methods of welding have to contend 
with. 

The heat, in addition to being greater than that 
obtained by any other blowpipe system, is also 
more concentrated. The gases are mixed in the 
injector chamber before they issue from the nozzle 
of the blowpipe. Work with this blowpipe is 
rapid. A good workman can make a weld of 15 ft. 
per hour, working on a J-in. steel plate, or of 6 in. 
per hour on a J in. steel plate. Oxy-acetylone 
autogenous welding has been successfully ap^died 
to a wide variety of work, such as cycle parts, 
welded boilers, steel safes, tanks, tubes, and all 
classes of copper work. 

Aluminothermy. The introduction of 
aluminothermy in the process of welding or auto- 
genous soldering a few years ago attracted more 
attention than any other process in the same 
department of industry for many decades. It 
ranks in importance with electric welding, and 
is much wider in its application. A brief intro- 
duction is necessary to enable the basic principle 
of the process to be understood. All chemical 
reactions are accompanied by the absorption or 
the liberation of heat. Mix sulphuric acid and ^ater 
and observe that considerable heat is evolved ; 
indeed, the heat may be so great as to cause an 
explosion, and it is much safer to add the sulphuric 
acid gradually to the water. The manufacture 
of aluminium from the oxide demands great heat 
and the commercially successful process of making 
aluminium is by the electric furnace [sec page 1459]. 
This heat, or a great part of it, is absorbed by the 
metal, and becomes latent heat, which may be 
given off again if the proper method of causing 
this liberation of heat is known. It was the dis- 
covery of the method of achieving this end that 
brought aluminothermy into the realm of everyday 
industrial processes. 

■ Oxide of aluminium is formed with very great heat, 
but the oxidation of aluminium at ordinary tern j>era- 
tures is negligible. If, however, the oxidation is 
started at a sufficiently high temx)erature, it will 
proceed rapidly until the whole mass of metal is 
reached. This reaction depends upon the fact 
that aluminium gives out very groat heat as it com- 
bines with oxygc'n, for which its aflinity is very ^ 
great. So great is this affinity that the metal 
will 1 educe all othe.- metallic oxides to their motah. 

Therm}!* In practice, the material used in 
aluminothermy is a compound sold under the 
proprietary name of thermit, and is made and sold 
oy Thermit, Ltd., of London. 

It is a compound of finely divided aluminium 
and a metallic oxide, usually oxide of iron. The 
heat evolved is so great — it exceeds even that of the 
dectrio- arc — that special crucibles and special 
methods are necessary in the practice of alumino- 
thermy. The crucible usually has the shape of an 
Inverts cone, and is made of iron sheet with a 
ttiagnesla lining, and a sheet- iron hood, which pre- 
vents sputtering during the Reaction. The bottom 
^that is, the apex of the inverted cone— -has around 
hole into which is fitted a tapping bar, which is 
nterely a short iron rod. Above this tapping bar 
is plai^ a sheet-iron disc made to dt the bottom 


ot the crucible, and above the disc Is placed a piece 
of asbestos with some fireproof material tamped 
in above it. 

The thermit is placed in the crucible, into which 
the tapping bar has been fitted os described, and 
the mass is ignited by the use of a special ignition 
powder. Then the reaction begins, and proceeds 
rapidly until the aluminium is burned to aluminium 
oxide, and the iron remains in the pure state, 
being in reality a very low carbon steel, usually 
with about *1 per cent, of carbon. Then the 
reaction subsides, and with a rod the tapping bar 
is dislodged upwards and pushed into the intensely 
hot body of molten iron, whore it is instantly re- 
duced and incorporated. . The mass flows out 
through the tapping hole into the mould prepared 
for it, where it settles upon the surfaces it is desired 
to weld or unite. 

Uses of Thermit. The most frequent use 
to which thermit has been put is in the welding 
of tramway rails. It welds rail end to rail end 
so that the whole rail system of a tramway ser- 
vice may bo welded into one entire length of 
rail. It is possible to follow this practice for tram- 
way rails wnere the rails are bound into iK)sition 
by paving blocks, but for the permanent wav 
of our railways, where the rails have no such 
binding, welding is impracticable on account of 
the bending that would ensue when the rails were 
elongated by heat. 

There are many other uses for thermit. They 
lie chiefly in foundry practice, for burning castings 
together or for renewing faulty parts of castings. 
In marine repair work the process has saved many 
thousands of pounds, as byigits means a shaft or 
other piece of marine engine mechanism may be 
repaired at once, and so enable the vessel to put to 
sea, or proceed witho\it the delay that would be 
caused by the older method of making a duplicate 
part. 

Crucibles and Moulds. Several other 
considerations may be mentioned before we leave 
the subject of thermit welding. The crucible 
we have described is tapped from the bottom 
by the method described. The use of such a 
crucible is imperative, because lip pouring is im- 
possible. The slag which forms upon the top 
adheres to anything which it may touch, and if a 
little slag entered with the poured metal it would 
prevent proT)er adhesion ana spoil the work. The 
mould must do made so that the first part of the metal 
will run to waste, heating the parts to be united be- 
fore it does so. Also the moulds must be made 
as for high-grade steel castings, and the faces finishcKl 
with a wash of silica, or of silica and plumbago. 
They must be thoroughly dried, and slowly heated 
to red heat so as to make them quite free from 
moisture. The thermit must not be poured at 
too high a temperature. It is usual to allow 
the heat to subside a little after the reaction has 
ceased, and it is also customary to throw into the 
crucible some soft steel punchings and to permit 
these to melt before tapping. 

We have described only a small part of the 
field in which thermit is used. For the rest we 
must be content with mentioning a few of its ap- 
plications without detailed description. In steel 
castings, thermit may be placed in the riser, the heat 
of the molten steel being sufficient to ignite it It 
raises tfie temperature of the pouring, enabling 
smaller risers to be used, and keeping them open 
longer. The same process is sometimes used for 
oast iron, but as. the heat of oast iron is not high 
enough to Start ^ reaction, some ignition powder 

lS5i 



DHOUP Sa-MCTALS 


must be placed along with the thermit. It is 
also introduced into steel castinaa to prevent 
‘ piping ** — that is, the formation of a large shrink 
hole noar the top of the casting. In such a case 
the thermit is introduced just before the casting 
becomes solid ; it makes the steel more fluid again, 
and permits the gas to escape before final solidifi- 
cation. 

Electric Welding. The process of electric 
welding permits welding to be applied to tho union 
of many metals which could not bo united by the 
ordinary process of welding as already described. 
Given tho pro|)er apj)liance8, the operation of 
electric welding does not require the high skill bom 
of long practice that ordinary welding <lemands. 
The intelligence has been put into the machine, and 
man's part becomes to an equivalent extent mecha- 
nical. The work is secured in clamps, through which 
tho current passes, the surfaces to be joined being 
opposed to each other. As at the point of contact 
there is mo:e resistance than there is through the 
solid metal, heating takes place, and as the metal 
becomes soft the clamps are made to exert pressure 
towards each other, and tho weld is made by this 
pressure. The Thomson process of electric welding 
is that usually followed, and tho makers of the 
machines for this process arc the Electric Welding 
Company, Ltd., of London. 

In electric welding it is desirable that there should 
be a good deal of work of one class, because the 
machines are limited in the scope for which they 
are fitted. The power required to raise tho metal 
to welding heat is very great during the time it is 
called into action, and tho machines are graded 
by the cross sectional areas they can undertake 
and the horse- power of the generator. Thus only 
work of approximately the same sectional area 
is suitable for one machine. Angle iron could 
not be welded on a machine for wire, for instance. 

Sometimes the electric currents used are as 
high as 60,000 amiK^rcs ; but tho electromotive 
force is only half a volt, so that little danger attaches 
to their use. Alternating-current generators are 
used, and if a direct current only be available a 
motor alternator must bo installed. 

The weld begins in the centre and extends to- 
wards the surface as the temperature rises. The 
resistance of tho hot metal, being higher than that 
of the cold metal, draws the heat to the desired 
parts. When tho welding heat has been reached, 
tho ends ore pressed together as already stated. 
The pressure i.s given either by manual or hydraulic 
power. Tho machines have been develo|wd very 
much in the direction of making them automatic. 

Value of Electric Welding. The quality 
of tho work done by electric welding is more 
likclv to be excellent than work performed 
by hand welding. From tho point of view of 
economy, the former has everything in its favour 
when output is large. Its sphere, however, does 
not lie in small or in general work, but in rejietition 
work. The economy secured by electric welding 
is caused largely by the absence of special prepara- 
tion of the work — such as sloping, upsetting, and 
splitting — which often make a union demanding 

somewhat lengthy drawing out and ’finishing. 
Work for which electric weUling is specially suited 
includes chain manufacture, cycle components, 
carriage work, and tools such as axes, where the poll 
of mild steel is electrically welded to a tool steel’ 
edge. The^*speed with which the work can bo 
earned eiMi is surprising. Tests made show that 
Iron awHteel pieces of 4-in. sectional area can be 
welded to 00 seconds with a horse-power e%pcndi- 

1852 


ture of 83 ‘8, and a copper weld of 1-in. sectional 
area takes 23 seconds, with almost the same horse- 
power expenditure. An additional value of the 

rocess lies in the fact that dissimilar metals can 

e united by its agency. Iron, wrought or cast, 
can be welded to zinc or copper, for instance. 

Soft Soldering. Soft solders melt at com- 
paratively low temperatures. It is possible to use 
them with nearly all metals. In the operation of 
soldering there are three necessities : the means of 
applying the heat sufficient to fuse the solder, the 
solder itself, and the flux, which enables the solder 
to associate itself intimately with tho metal or 
metals to which it is applied. The further apart the 
melting points, the hardness, and the malleiibility 
of the solder and of the metals being soldered are, 
the weaker is the union. Thus, a soft soldered 
joint in iron, Ijrass and copper is always com- 
paratively weak. It may have some strength if 
the metals joiner! by soldering are comparatively 
thin, so that they can bend under any stress to 
which the joint may he subjected, thereby relieving 
the solder of the duty of resistance ; but if tho 
met-aLs be heavy and inflexible a blow or other act 
of violence may cause disruption of the union. Soft 
solder, again, having properties not far removed 
from those of tin and lead, makes a strong union 
with these metals, which, when soft soldered, may 
be hammered and worked with comparative 
freedom. This point has much to do with deciding 
tho method of soldering to be adopted in any 
particular case. 

In soft soldering the usual way of applying 
the heat is by means of the tool known as the 
soldering iroUt soldering holt or soldering bit [sc© 
PLUMBING ]. This tool is a short, square bar of 
solid copper drawn to a point and mounted on 
an iron rod, which is provided with a handle. 
Its point must he covered with tin before being 
used. To tin it, it is heated in a stove or fire of 
any sort until it is dull red ; it is then filed 
slightly so as to clean the point, and is rubbed 
first against a piece of sal ammoniac and then upon 
some solder placed upon a copper or tin plate. 
It is then rcaily for use. In the actual operation of 
soft soldering the surfaces to be united are first 
cleaned if necessary — diluted hydrochloric acid 
applied with a brush or cloth is usually employed — 
then the flux is applied to the surfaces, and finally, 
the hot .soldering bit, after being rubbed against 
the solder so as to take on a small quantity, is 
rubbed over the flux and the joint is made. The 
flux and the solder may vary in composition and 
depend upon the nature of the metals being soldered. 
We shall consider them presently. 

Soft soldering is often done by means of a blow- 
pipe instead of a soldering bolt, particularly by 
gasfitters and pewterers. A plumber’s soldering 
lamp may be used, or expert workmen may 
burn some rushes or wood chips around where tho 
joint is to be made, directing tho flame by means 
of a blowpipe. The flux is, of course, used as with 
the soldering bolt. Gasfitters use a solder rich in 
tin and a flux made of oil and resin mixed in equal 
proportions. Pewterers use a solder containing 
bismuth, which is more easily fused than most sou 
solders, and as flux they employ Gallipoli dl^ 
which is a green olive oil. 

Soft Solders. The most commonly used 
soft solder consists of one part of lead to two p^ts 
of tin. “ Plumbers* sealed solder,** so-oalled^ is two 
parts of lead to one part of tin, and is fusible at a 
considerably lower melting point [see page 1457]. 
Tho solder consisting only of lead and tin, and 



having the lowest fusibility contains three parts of 
tin to two parts of lead. A more fusible solder can 
. be made, nowever, by introducing bismuth. By 
increasing .the pereentaTO of lead and decreasing 
the. percentage of tin the solder becomes cheaper. 
Bismuth adds considerably to the cost of a solder. 

The composition first mentioned — two of tin 
to one of lead — ^is used for lead and tin pipes, 
Britannia metal, copper, brass and other copper 
alloys, and iron and steel. The flux used may vary 
. with different metals, and we shall consider this 
point in discussing fluxes. 

It cannot be alleged that there is uniformity in 
the composition of solders for various metals, many 
makers having preferences for formulas that others 
find unsuitable. Different experiences give different 
results as the strength and nature of the fluxes used 
differ. But in spite of this the following table, which 
. shows solder .compositions used in many shops, may 
not be without value. To avoid repetition we in- 
clude hard solders in the table [see also next pagej. 
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In this tabic tlie solders of which borax is given 
os the flux are hard solders, and those of which 
resin or chloride of zinc is the flux are soft solders. 

‘ Manufacturing Soft Solder, Soft solder 
should be made iu a porcelain or stone vessel, 
because in an iron pot the solder may absorb some 
of the iron. First melt the tin and then add 
the lead gradi^ally in small pieces, stirring with a 
wooden stick. When the whole is fused and 
* thoroughly mixed the alloy is poured into moulds, 
^.usually short bars about 8 in. long, from J in. to 
in. broad, and from I in. to J in. thick. Suitable 
moulds may be made by taking a mass of clay, 
besting its top flat and pressing into it in various 
' plimes a stick of solder, thus making depressions 
Wto which the new solder may bo run. 

Fluxes, Soldering fluxes are numerous. The 
plumber uses both resin and chloride of zinc. For 
electrical work chloride of zinc is frequently for- 
bi<|den» but is still used to a fair extent. For the 
'tn^t canning industries, also, ohloride of zinc is 
to ne bamful but is still greatly used, 
sometimes unkno^ to those who use it and who 
pv^hase ohloride of zinc solution under a pro- 
To make obloiide of ziiic solution. 
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or hiUed spirita, as it is called, dissolve zinc in hydro- 
ohlorio acid, or spirit of salt, as it is commonly termed, 
putting in more zinc than the acid will dissolve, so 
that the solution may bo saturated. The ebullition 
may ^ too violent with pure hydrochloric acid, 
and water up to two parts to one part of acid may 
be added. The zinc should lie in the acid for at 
lea.st twenty-four hours, when any excess of zinc 
may be removed, and the soldering liquid is rejuiy. 
It is bad to use scrap zinc as it may contain' iron, 
which is deleterious, and scrap zinc is always dirty. 
The solution may be filtered with advantage. 
Sometimes other substances, such as sal ammoniac 
or glycerin, are added in small proportions and are 
held to improve the fluid. This flux will suit 
nearly every purpose. For iron it requires to bo 
stronger and may bo used without water. For 
soldering galvanised iron — an extremely difficult 
operation and not a pleasant one — this flux 
would cause adhesion only to the zinc coating, an^i, 
therefore, raw spirit — that is, pure hydrochlono 
acid — is used to remove the zinc, 
after which the above mentioned 
solution may bo used to solder to 
the iron. Tallow and other oils and 
fats are used to a fair extent sis 
fluxes. Lard oil is used to solder 
aluminium with fair success, but the 
soldering of aluminium is a difficult 
matter, which wo shall consider 
separately. Gallipoli oil is used by 
pewterers, as already mentioned. 

For copper and sheet iron a flux 
frequently employed is powdered 
sal-ammoniac or an aqueous solu- 
tion of it, followed by resin. Some- 
times the powdered sal-ammoniac 
and resin are mixed before applica- 
tion. It is extremely difficult to 
solder zinc as it removes the tin 
from the soldering bit very quickly, 
making frequent retinning necessary. 

Before passing from the subject 
of fluxes we may notice a few that 
are put forward as having sjx^cifle 
merit, although they give no promise 
of deposing chloride of zinc as the 
all but universal flux. The pro- 
prietary fluxes sold under fancy 
namc,s wo leave alone ; they are almost without 
exception solution of chloride of zinc prepared as 
wo have described above. 

A soldering paste is made by mixing ohloride of 
tin with starch paste. A soldering fat is prcpi^red 
by heating two parts each of olive oil and tallow 
and by adding one part of powdered colophony; 
then, after the mixture has been stirred and has 
boiled up and cooled, one part of a saturated aqueous 
solution of sal ammoniac is added. Phosphoric acid 
in solution with water or spirit is also used. 

Soldering Without a Bit. By careful 
manipulation the operation of soft soldering mity 
be performed without a soldering bit. A lamp or 
gas jet may be used to make the surfaces hot, the 
lux is then applied, followed by the solder, and 
with skill a successful joint is achieved. If two 
pieces of brass or .copper be filed to fit each other, 
covered with a soldering fluid, and have a piope of 
tinfoil inttoposed, thereafter being heated over 
a gas jet or fire, a union will mult, the tinfoil 
fusing and joining the two surfaces. 

Hard Soldering, Hard soldering is the 
process of joining two metals or two pieces of the 
same metal by a solder that has almost as high a 
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melting point as the metals joined. The term 
■ brazing is generally applied to this kind of soldering. 
The heat of the copper soldering bit nsed in soft 
soldering is not sufficient for hard soldering. 
The work is sometimes done in an open fire such 
as a smith’s forge, but the usual process is to raise 
the heat by a blowpipe, using gas as a fuel and 
applying the blast cither by a power-driven fan or 
‘by hand or foot bellows. The most usual and 
convenient way, especially in small shofui, is by the 
use of a brazing forge with pedal bellows. The 
workman can then use both hands in controlling 
the application of the heat. Sometimes the 
bellows are replaced by a rotary fan for supplying 
the air blast, and either method is satisfactory. 

Sometimes, again, a plumber’s lamp may be 
used, but this is not so satisfactory, as the heat 
cannot be raised so high as with gas, and goc^ 
work is not so certain. Some large firms — such 
as cycle raaniifacturers — who have much and con- 
stant brazing work of one class, have the hard 
solder in a molten bath and dip the work into this 
bath. This process is unsurpassed for the quality 
of work produced, but it necessitates more finishing 
than is required by the blowpipe method, as the 
molten solder adheres to a larger area of the work 
than is necessary to make the brazed or hard- 
soldered joint. 

Hard Solders. In the table already given 
appear some recipes for hard solders. Such solders 
are, for convenience, divided into three classes — 
brass solders, which are used with steel, iron, and 
copper ; orgentan solder, used for German silver ; and 
gold and silver solders used for these metals. 1 he com- 
mon composition of solders of the first class is 8 parts 
of brass to 1 part of zinc. Refractoriness is increased 
by lowering the proportion of brass and adding tin. 
Thus, a composition with 6 parts of brass and 1 part 
each of tin and zinc is much used where a more 
refractory solder is desired, and this may be made 
still more refractory by adding 1 part of copper. 
By increasing the tin, the ductility decreases and 
the colour tends to grey. For work where the joint 
has to withstand bending stress, a high percentage 
of tin is to be avoided, as it causes brittleness. 

MaMng Hard Solders. In making hard 
solders it is advisable to use brass instead of its 
constituent metals — zinc and copper — because the 
loss of zinc when fusing the metals separately is 
uncertain, and because by using brass already made 
this loss is minimi.sed very much. Sheet brass is 
better than cast brass as an ingredient in hard solder, 
hdbause the rolling has imparted to it a higher degree 
of homogeneity than is possessed by cast brass. 

First m'^lt the brass at a strong heat, and in 
another crucible melt the zinc that is being added 
as such, also at a strong heat. Pour the molten 
zinc into the molten brass and stir the mixture well. 
Then the solder is ready to be poured, and there are 
several ways of doing this, the object of all being to 
obtain a fine granular product suitable for soldering. 
Sometimes the molten alloy is poured through a 
wet broom into cold water, this separating the metal 
into the granular particles desired. A better method 
requires a cistern placed so as to give a good head 

water, and an orifice that projects a stream of 
water horizontally ov^cr a watcr-tapk. The molten 
alloy is poured^ on to this horizontal jet of water, 
which divides it, and the grains fall to the bottom 
of the tank, whence they must be taken and dried 
before they have time to oxidise. By varying the 
strength of the water jet and of the metal-pouring, 
it is possible by this method- to make grains 
approximatd|r of any desired size. 
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Argentan solder is used for German silver, and 
also for steel and other work, the joints of which are 
required to be very solid. A readily fusible argentan 
solder is made of copper 35 parts, zinc 67 parts, emu 
nickel 8 parts. A more refractory composition 
contains copper 38 parts, zinc 60 parts, and nickel 
12 parts (Brannt). A general rule is that the higher 
the percentage of nickel in the German silver to be 
soldered, the higher is the proportion of nickel in the 
solder. The composition is cast in thin plates, 
which are broken and beaten in a heated iron mortar, 
so as to make them into a powder. If it is found to 
powder easily, it has too much zinc, and if the opera- 
tion is too difficult, it is deficient in that metal ; 
if it shows either fault, it must be remclted and the 
fault remedied. 

(iold and silver solders are used chiefly for 
•soldering these metals, but are also used for articles 
to be enamelled, for bronze, cast-iron, etc., but on 
account of their expense their use is naturally 
limited to work of a high-class nature. A few recipes 
for these have been given. 

Fluxes for Hard Solders. The most 
generally used flux for hard solders is borax. The 
purpose of the flux is to remove the layer of oxide 
upon the surfaces it is desired to solder, and borax 
is the best all-round agent for this. It effects its 
purpose by reason of the excess of boracic acid which 
it contains dissolving the layer of oxide. For 
higher temperatures, finely powdered glass of a 
fusible nature may be used. For soldering copper, 
phosphate of soda or phosphate of ammonia may 
be employed. Quartz sand mixed with decomposed 
soda, or, for very high temperatures quartz sand 
alone, is satisfactory. For coarse work, turpentine 
or olive oil mixed with sal ammoniac is a good flux. 
A solution of carbonate of ammonia (saturated) is 
used for brass. A liqjuid flux, known as /wird solder- 
ing flnidf is made by dissolving phosphoric acid in 
alcohol. Many other fluxes are employed with 
satisfactory results, preference attaching universally 
to no particular agent, even for the same metals. 
It is largely a matter of experience and individual 
liking. 

Soldering Iron and Steel. All metals 
are not equally satisfactory under treatment by 
the ordinary processes of soldering, and special 
measures are often required. We shall review 
the best processes of treating such metals. 

Cast iron is frequently considered unsatisfactory 
under any process of soldering, but it is not so. It 
is frequently desirable to solder cast iron, especially 
in altering* cast-iron foundry patterns. For this 
purpose, soft soldering imparts all the strength 
necessary. The surfaces to be soldered must be 
polished bright. Then dip the surfaces into potash 
water, and upon withdrawal dip into clean water, 
after which apply quickly undiluted hydrochloric 
acid. Then sprinkle with powdered resin and solder 
w'ith the bit in the usual way, using any soft solder, 
but for preference one made of equal parts of tin 
and l6ad. The operation must be performed quickly 
before the surfaces have time to dry. A more 
refractory soldered joint may be made with iron 
or steel, by using copper or brass as the soldering 
medium. The surfaces are first filed or polished 
bright, and are tied into position with wire. Then 
upon the joint place a thin strip of copper or brass. 
Cover the whole with a good layer of cUy containing 
no sand, and place it near a fire that tne ol^ n^y 
dry. Then put the part to be soldered under the 
blowpipe and raise it to white heat. This causes 
the clay to vitrify, thereby forming a flux. If the 
metal being soldered is iron, it is cooled in water. 



but if 8teel, it is allowed to cool slowly. Then the 
clay is remored and the joint has only to be cleaned. 
When the solderins medium is a copper strip, it 
require a stronger heat than a brass strip, and the 
latter is therefore more frequently used for soldering 
steel. For small pieces of iron, a silver solder-- 
equal parts of silver and soft brass — may be used ; 
it is used aa foil, and, after annealing, is placed 
upon the surfaces to be soldered, borax being 
used as the flux, and the heat being applied with 
the blowpipe. 

Some time ago some tests of hard solders on 
steel and iron were made at the ^National Physical 
Laboratory. Of five solders experimented with, the 
best was found to have the composition — copper, 
63’10 per cent; zinc, 38*31 per cent.; and lead, 
*05 per cent. A conclusion drawn from the testa 
was that the quality of solder improves with the 
copper percentage. The solder that stood the tests 
most satisfactorily had the highest proportion of 
copper, and was as stated above. At what point 
the improvement of quality ceases by increasing the 
copper — for, of course, there is such a point — was 
not determined. 

A German patent (E. Herzog, 6th May, 1902) 
makes a soldering paste for cast iron by mixing pure 
steel or iron powder, free from oxides of iron, with 
stearin or paraffin oil, borax, and camphor. A 
suitable mixture is steel or iron powder 80 — 120; 
paraffin oil 10 — 30 ; borax 30 — 50 ; camphor 1 — 4. 
The parts to be joined are well cleaned, coated with 
the soldering paste, and after addition of borax and 
solder are heated to redness, usually under the 
blowpipe. 

The work of soldering or brazing saws is a common 
operation with saw doctors, and it is essential with 
band-saws. File the two ends to bo joined smooth 
and tapering, so that one overlaps the other some 
• distance. Tie the ends together with wire, so that 
they will retain their proper positibn during the 
operation. Apply to the joint some borax, reduced 
to a cream by rubbing it with water on a slate. 
Now sprinkle some brazing spelter over the joint and 
a,pply the blowpipe heat, until it is seen that the 
spelter has run into the lap. Allow the work to 
cool gradually, and finish by filing. 

Soldering Zinc, Brass, and Silver. In 

soldering zinc and galvanised iron, the soldering 
bit must be kept very hot, and the flux used is 
hydrochloric acid, undiluted, or diluted with only 
one third of its volume of water. 

The soldering of brass is made more easy if the 
surface has b^n previously tinned. This is easily 
done. Clean the siurface, apply borax paste, 
prepared as already indicated, and place upon this 
a piece of tinf'Ml. Htat until the tinfoil fuses and 
runs over the surface. The solder adheres 
uniformly and tenaciously to surfaces treated thus. 
A good solder for brass is a soft spelter — commonly 
eaUed Bath metal solder — consisting of 21 parts of 
: oopper to 79 parts of zinc. 

Hross and steel may be soldered together by first 
coating the steel with a solution of sulphate of 
copper, and then by soldering the two surfaces in 
tbbe usual manner. 

Silver is soldered with an alloy containing 19 parts 
of silver, 10 of brass, and 1 of copper. This is 
reduced to granular form by the process already 
described, or if for fine work,^ made into powders 
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by filing it. The flux used is borax, which should 
^ rubbed with water upon a slate or hard stone, so 
as to moke a cream, which is applied to the two 
surfaces with a brush. The powdered solder is 
then applied between the pieces, and the work is 
laid upon a charcoal block, where the heat is applied 
with the blowpipe. When the union is made, an 
immersion in pickle removes the excess of borax, 
and the work is finished. 

Soldering Aluminium. A fortune lies 
at the feet of any man who can find a simple and 
efficient method of soldering aluminium. Many 
attempts have been made, and workers in alu- 
minium have had their ho|>e8 raised many times 
that the problem had been solved, only to be dashed 
again. No economical process of soldering alu- 
minium has been proved to be permanently 
successful [see also page 1461]. The film that 
always lies on the surface of aluminium is an 
oxide that forms immediately the metal is ex- 
posed to the air. The oxide can, of course, be 
removed by filing, but a now film of oxide forms ^ 
instantly upon the new surface created by the file. 
It has been found possible by ordinary soldering 
to make what appeared to be a satisfactory soldercid 
joint with aluminium, but the lapse of a few months 
has always shown it to be otherwise, and the union 
has been found to be faulty. It is for this reason 
that commercial articles of aluminium are never, 
or almost never, sold with soldered joints. Usually 
the articles are cast or pressed and drawn from one 
piece of the metal, or if it is necessary to join one 
piece to another, or another metal to aluminium, 
riveting or screwing is the method employed, 

8 till, we can indicate some of the solders used for 
aluminium when attempts are made to solder it. 
One solder is composed of I part of zinc to 4 parts 
of tin, and the flux recommended for it is made of 1 
part each of tin chloride and zinc chloride, and 8 
arts of stearic acid. Another worker professes to 
ave achieved succors with lard oil as a flux. The 
aluminium is usually heated with a blowpipe, and 
kept hot during the operation. The copper soldoring 
bit is said to discolour the aluminium, and a nickel 
soldering bit is recommended. Other solders for alu- 
minium contain that metal as a constituent. Horner, • 
in the “ Encyclopapclia of Practical Engineering.’ 
gives the following recipes for aluminium solders : 

1. Aluminium 2*38; zinc, 26*19; tin, 71*19; 
phosphorus, 0*24. 

2. Aluminium, 6 ; copper, 4J ; zinc, 89 J. 

3. Aluminium, 6 ; silver, 3 ; coiiper, 3 ; tin, 18 ; 
zinc, 9. 

4. Bismuth, 6 ; tin, 94. 

Soldering Metal to Glass. Glass may 
be soldered to metal by first coating the former 
with lead or with amalgam. The glass to be 
coated with lead is coated on one side with chalk 
and water, and after drying is placed clean side 
up, and fixed down in a special cast-iron tray, 
which is then placed in muffle surfaces and heat^ 
until the glass is at about 650° F., just above the 
melting point of lead. Then molten lead is poured 
over so as to cover the glass, and the tray is oscillated 
for some time. Then the lead is allowed to run off, 
and leaves a layer upon the exposed surface of the 
glass. This process is used in the manufactuie of 
glass buttons, in order to allow the stems to be 
soldered to them. 


SpeeUl aictlonsrlet expUining teehnieal terms and phrase t appear at the ead of 

the Self-Bdaeator 
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Aliotnient. Register of Members. Purchase of aBuslness. 

A LIMITED COMPANY’S ACCOUNTS 


A LABGB and constantly increasing pro- 
portion of the business of the country is 
carried on by what are known as limited com- 
panies. Indeed, it is scarcely an exaggeration to 
say that the giant strides made by our commerce 
in the last half century would not have been 
possible without the assistance derived by private 
enterprise from the co-operation of the small 
capitalist which has been secured by the wide 
facilities afforded by limited liability companies 
for investment at a rather higher rate of interest 
than that afforded by Trustee stocks and the like. 

Firms and Liimited Companies. Before 
we can proceed to deal with the accounts of 
limited companies, it is necessary that we should 
know something of what a limited company is. 
It has been seen that a partnership is a com- 
bination of two or more persons who have 
united their resources for the purpose of jointly 
carrying on a business for their common benefit. 
They are jointly and individually liable for the 
debts of the firm, and in the event of failure are 
bound to contribute to the full extent of their 
private property, if necessary, to discharge the 
firm’s indebtedness to outside persons. 

In the case of a limited company, the pro- 

f )rietors, who are called shareholders, are only 
iable to be called upon to pay the debts of the 
company to the extent of the amount they 
agreed to contribute when they first joined the 
concern. In other words, their liability is limited, 
and the extent of the limitation is fixed by the 
shareholders themselves when they determine 
to become members of the company. 

Memorandum of Association, A com- 
pany is a number of persons combined into one 
body by law, so that the company has a distinct 
personality apart from the persons who compose 
it. Every public company must consist of at least 
seven members, and every private company 
must have two members. AU companies must.be 
registered at Somerset House with the Registrar 
of Joint Stock Companies, and the first step to be 
taken is for at least seven persons in the case 
of a public company, and two persons in the case 
of a private company, to sign a document known 
as the memorandum of association, which must 
contain certain particulars. Those particulars 
arc : ( 1 ) the full name of the company, in which 
“ limited " must bo the last word ; (2) the part 
of the United Kingdom in which the registered 
office will be situated ; (3) the objects of the 
comp^my, which are stated very fully ; (4) a 
1btat6ment that the liability of the members is 
limited ; and (5) the amount of the capital of 
the company and the manner in which it is 
divided into shares. Each of the signatories to 
this document must agree to take at least one 
share in the company. 


Articles of Association, With the memo- 
randum it is usual to lodge a further document 
known as the articles of assooiation, which con- 
tains the regulations for the carrying on of ' the 
company. The articles make provision for calls 
on shares, transfers of shares, meetings of the 
company, votes of members, accounts, audit, 
and winding up. If articles of association are 
not lodged, the company is regulated by a model 
set of articles provided by the Companies (Con- 
solidation) Act, 1008. 

It would manifestly bo impossible for the 
business of a company to be conducted by the 
shareholders as a body, and the work is therefore 
delegated to a small number of persons who are 
call^ the directors. They are frequently ap- 
pointed by the articles of association, which also 
define and regulate their powers, qualification, 
retirement, and so on. 

The memorandum and the articles (if any), 
and a separate statement of the capital, have to 
be left with the registrar, together with a de- 
claration, usually made by a solicitor, that all 
the requirements of the Companies (Consolida- 
tion) Act have been complied with. Certain 
stamp duties have to be paid, increasing with 
the amount of the capital, and if the documents 
are found to conform to the requirements of the 
law, the registrar issues a ccriificatc that the 
company has been incorporated. 

The Company Capital. Mention has 
been made of the company’s capital and of the 
shares into which it is divided. Both these 
terms require further explanation, for the word 
“Capital” has several different meanings in con- 
nection with a company, according to the sense 
in which it is employed, and there are various 
kinds of shares, (iach having different rights. 
The capital which is named in the memorandum 
of association is known as the nominal capital 
of the company, and is the maximum amount of 
shares the company is allowed to issue. The 
amount of the shares which the company has 
actually issued to applicants is known as the 
subscribed and issued capital. The amount which 
the shareholders have been required to pay upon 
the shares issued is the called-up capital^ and the 
amount received by the company on the shares 
is the paid-up capital. 

Classes of Shares. The nominal capital 
of a company is divided into a number of parts 
of fixed amount called shares^ each of which has 
a distinctive number given to it. When tWe is 
only one class of shares they are called ordinary 
shares. When the .capital is divided into two 
classes, they are usually prrference and ordinary 
shares, the former - entitling the holders to 
participate in the profits of the undertakir^ 
to a certain fixed limit before any distribution is 
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made to the ordinary shareholders. The limit 
is fixed by way of a percentage upon the amount 
paid up on the shares, which are known as five 
per cent, or six per cent, preference shares, or 
08 the case may be. 

When the preference shares have received their 
percentage^ the ordinary shareholders are en- 
titled to the remainder of the profits, provided 
there are no others classes of shares ranking 
behind them. Distributions may be made to 
the shareholders only out of profits actually 
earned, and such distributions are called 
dividends. 'Phere is sometimes a further class 
of shares, entitled founders' or deferred shares, 
which are usually few in number, and entitle the 
holders to a fixed proportion of the profits 
remaining, after paying a dividend at a certain 
rate upon the ordinary shares— frequently ten 
per cent. 

The Prospectus. Many companies are 
formed for the purpose of purchasing as going 
concerns businesses which have previously 
been carried on by firms or individuals, and in 
order that the money required to pay the pur- 
chase price may be obtained, an invitation is 
generally made to the public to take shares in 
the new company. The invitation is contained 
in a document known as a prospectus, which has 
to bo filed with the registrar. If the company 
is a large one, the prospectus is advertised in the 
Press, as w'ell as being circulated by post to 
probable investors. It sets out the object with 
which the company has been formed, and, for 
the purpose of enabling recipients to form an 
opinion of the prospects of future success, infor- 
mation is given as to the value of the property 
to be taken over and as to the profits which have 
been earned in the past by the old proprietors. 
This information is usually given in the shaj^e of 
valuations by experts, and certificates of profits 
by public accountants. 

Iho prospectus further states the manner in 
which the shares will have to be paid for, which 
is usually a certain amount per share on applying 
for them, another amount on allotment, and 
further sums at stated intervals, until the full 
amount of the share has been paid. Part of the 
full amount may be left to be called up by the 
directors as the business of the company may 
require. Ihe names and addresses of the 
officers of the company are also given, including 
those of the directors, bankers, auditors, solici- 
tors, brokers, and secretary. Certain other par- 
ticulars have to be given to comply with the re- 
quirements of the Companies (Consolidation) Act; 
but although these are of the utmost importance 
from the legal point of view, they do not require 
further mention here. 

Application and Allotment. En- 
closed in the prosi^ectus is a form of application 
for shares, which has to bo filled in and signed by 
the intending investor. He then has to forward 
it to, the company’s bankers, with a remittance 
for the amount stated in the prospectus as being 
payable on the shares. The money will be 
retained by the banker, and the application form 
Bent on by him to the company. The secretary 
.make^ a list of the .applicationfl, showing the 


number of shares applied for, and a meeting of 
the directors is held to consider them. It is 
necessary for the directors to state in the 
prospectus the number of stares which must 
be applied for before they will issue any 
to the public, or, as it is termed, go to 
allotment. 

If application has been received for the mini- 
mum number of shares, the directors proceed to 
allot them to the applicants in accordance with 
their applications — f.c., they pass a resolution 
apportioning to each applicant the numlx^r of 
shares for which he has applied. In order to 
make the allotment binding upon the share- 
holder, a notice called a letter of allotment is 
sent to each applicant, stating the terms upon 
which the allotment has been made, and requiring 
him to pay the further amount now due ui)on his 
shares. As the dates arrive upon which further 
instalments are payable, applications arc made 
by the company to the shareholders for payment 
until either the full amount of the shares or the 
amount mentioned in the prospectus as payable 
within a given time has been called up. 

Entries in the Company’s Books. 
Having now described the machinery by which 
the capital of a limited company is brought into 
l)eing, it is necessary to explain the entries 
requisite for rcconling the various transactions 
in the company’s books. In the case of an 
individual there is, of course, no obligation from 
himself to the business to provide the money 
he actually puts in as capital, and if he decides, 
upon reflection, not to start the business or 
Invest his money, he is not bound to do so. 

But in the case of an applicant for shares, the 
position is different. As soon as the company 
has notified its acceptance of his offer to take 
shares, he becomes bound to the company for 
the full amount of the shares allotted to him. 
As w'e have seen, he may not have to pay tlie 
full amount at once, but the company has the 
right to call upon him to pay at some time, and 
ho is at once a debtor for the amount payable 
on the shares in respect of the instalments due 
on application and allotment. Entries are there- 
fore made, debiting the shareholders with the 
amount duo from them on application and 
allotment, and crediting accounts opened in the 
general ledger, entitled application account and 
allotment account. 

Opening the Capital Account. Sepa- 
rate accounts are not opened for each 
shareholder in the general ledger. A distinct 
l)ook is kept for the accounts of the individual 
shareholders, which is entitled the share ledger, 
and is generally combined with another book 
which the company is required by law to keep — 
viz., the register of members. The form of the 
combined book will be shown later ; at present 
we will follow the entries to be made in the 
company’s general accounts. Let us suppose 
that a company has received applications for, 
and has allotted, 1,000 shares of £10 eachr upon 
wrhich £1 per share is payable on application, 
£2 per share on allotment^ cuid '£2 per. share one 
month after allotment, the remaining .£5 ]^r 
share not being lequi^ at. presept. .Ine entries 
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neoesisary in the company's books are first passed 
throu^ the journal pre;^'ratbry to being 
reoon&d in the ledger, and would be as under : 


Register of Members snd Share 
L^edger. It is now necessary to ascertain 
how Sie accounts of the individual shareholders 


June 1 


June 7 


July 7 


Sundry Shareholders . . . . • • . * . . • • * . Dr. 

To Applioation Account . . . . ^ 

For £1 per share, payable on applioation, for 1,000 shares of 
£10 each 

Sundry Shareholders . . . . . . . . . . . . Dr. 

To Allotment Account 

For amount payable on allotment for 1,000 shares at £2 per 
share 

Sundry Shareholders . . . , . . . . . . . . Dr. 

To First Call Account . . 

For amount payable one month after allotment, on 1,000 
shares at £2 per share 


1,000 0 0 

2,000 0 0 

2,000 0 0 


1,000 0 0 

2,000 0 0 

♦ 

2,000 0 0 


The entries would be posted to accounts in 
the ledger in the usual way. 

The company will have received the full 
amount of the application money through its 
bankers ; we will assume further that all the 
allotment money has been received, and that 
£1,900 of the first call is also received. These 
amounts will be entered on the debit side of 
the cash book and posted to the credit side of 
the sundry shareholders’ account. Entries are 
then made in the journal closing the application, 
allotment, and first call accounts by transferring 
the balances to an account called the share 
capital account, which is the true capital account 
of the company and remains open in the ledger 
throughout the company’s existence. 

As a result of these various journal and cash 
book entries the accounts in the ledger will 
appear as shown below. 

The balance to the credit of the share capital 
account represents the amount for the time l^ing 
called up on the shares, while the debit balance on 
the sundry shareholders’ account is the amount un- 
paid in respect of the calls which have been made. 


are- dealt with. As in the case of a private 
partnership, each proprietor has a capital 
account of his own, although, as a rule, the 
book in which the accounts are kept is treated 
as a statistical book and not as a book of account. 
It is found convenient to combine the register 
of members, containing certain particulars and 
which the company is required by law to keep, 
with the share ledger containing the cash account 
of each member in relation to his share holding. 
Every member is debited with the respective 
amounts payable on his shares and credit^ with 
all sums he pays in respect thereof. The register 
shows not only the number of shares he acquires 
and disposes of, but also their distinctive 
numbers. The totals of the amounts debited 
to the individual shareholders must naturally 
agree with the amounts debited to the sundry 
shareholders' account in the general ledger, 
and the totals of the sums credited as paid 
will agree with the credits on that account. 
This explanation will enable the reader to under- 
stand the entries appearing in the form shown 
on the next page. 


Dr. 

SUNDRY SHAREHOLDERS* 

ACCOUNT 


Cr. 

June 1 

To Applioation Account. . 

1,000 0 0 


By Caah (posted in daily 
or weekly totals from 







Cash Book) 

1,000 

2,000 

0 0 

June 7 

„ Allotment Account . . 

2,000 0 0 


„ do. do. 

0 0 

July 7 

,, Firat Call Account . . 

2,000 0 0 


,, do. do. 

1,900 

0 0 

Dr. 

APPLICATION ACCOUNT 


Cr. 

July 31 

To Share Capital Account 

1,000 0 0 

Juno 1 

By Sundry Shareholders. . 

1,000 

0 0 

Dr. 


ALLOTMENT ACCOUNT 


Or. 

July 31 j 

To Share Capital Account 

2,000 0 0 

Juno 7 

By Sundry Shareholders. . 

1 2,000 

0 0 

Dr. 


FIRST CALL ACCOUNT 


Cr. 

VTuly 31 

j To Share Capital Account 


July 7 

By Sundry Shareholders. . 

2,000 

0 0 

Dr. 

SHARE CAPITAL ACCOUNT 


Or. 

■■ 

■■■■llll 

■■n 



1.000 

2,000 

0 0 

0 0 

IHli 

IHBIHHii 




2,000 

0 0 


























• REGISTER OF MEMBERS AND SHARE LEDGER ^ 

Name: John Smith. Date of becoming a member: 7th June^ K06. 

Address; IQQ, New Street, Oldtown. Occupation ; Merchant. Date of ceasing to be a nftmber: 
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Subject to the articles of association, members 
arc allowed to transfer their shares, should they 
at any time wish to do so, and it may be pointed 
out that this is a further difference between 
limited companies and partnerships, for in 
the latter a member is only allowed to transfer 
his share in the business with the consent of 
his partners. 

Forfeiture of Shares. A provision 
is usually inserted in the articles of association 
giving the directors power to forfeit any shares 
upon which calls arc in arrear. Notice must 
be given to the shareholder of the intention to 
forfeit, and, if he fails to pay, a resolution may 
be passed declaring his shares forfeited, where- 
upon he will cease to have any further interest 
in them. The company will retain the amount 
paid up on the shares, and will be at liberty to 
issue them afresh to any other person willing to 
take them, who may be required at the discretion 
of the directors to pay either the full amount or 
the balance unpaid by the original shareholder. 

Upon the shares being forfeiUni, ontrie<l»would 
\y& made in the general ledger giving effect to 
the operation by reducing the amount to the 
credit of the capital account to the extent of the 
sum called up on the shares forfeited, and by 
writing off from the sundry shareholders’ account 
the balance due and unpaid on the shares. The 
journal entries giving effect to the transaction 
would bo as given at the head of the next 
page, and would be posted to the respective 
ledger accounts in the usual way. 

Furchase of a Business. The entrie.s 
necessary to record the taking over by a 
company of the assets and liabilities of a 
vendor follow the usual lines in opening the 
books of an ordinary business. Accounts arc 
ofMmed for the assets and debited with their 
book values, the vendor being credited witli 
the total. The liabilities taken over by the 
company are then credited to their respective 
accounts and the vendor is debited with the 
total. The rc^sult is that the books show 
all the assets acquired and all the liabilities 
assumed by the company, while the balance of 
the vendors account represents the net amount 
payable to him for his busini'ss. If he is paid 
the whole amount in tiash he is debited as the 
payments are made to him ; cash, of course, 
being credited. 

The vendor sometimes agrees to take part 
of his purchase price in shares of the company, 
which are issued to him credited as being paid 
up — i.e., the company’s liability to him for his 
property is set off against his liability to the 
company on the shares to the extent of the 
nominal value of the latter. When payment is 
made in this way the vendor is debited with 
the nominal value of the shares and the share 
capital account is credited. The result will be 
the closing of his account, as the payments in 
cash or shares being for the difference due to 
him will exactly balance the account. An 
account is opened for him in the share ledger, 
in which he will be shown as the holder of the 
shares allotted to him, credited with the full 
amount paid up. 
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Share Capital Account.. 

. . Dr. 

250 0 0 



To Forfeited Shares Account. . 

For amount called up on 50 shares in name 
this day forfeited by resolution of Directors 

of John Jones, 


250 0 0 

» 81 

Forfeited Shares Account 

To Sundry Shareholders* Account . . 

For amount unpaid on above 60 shares 

. . Dr. 

100 0 0 

100 0 0 


To make these processes quite clear an ex- 
ample of the acquisition of a business will be 
taken. W. Brown, a tailor, after having 
carried on business successfully for some years, 
decides to retire and dispose of his business 
to a limited company. His assets consist of 
his freehold shop and premises valued at £4,500 ; 
stock-in-trade, £500 ; book debts, £3,000 ; cash 
at bank and in hand, £350. His liabilities are, 
on bills payable £280, and on open accounts 
£420, leaving as his capital £7,650. The 
company tak ^s over all the assets except 
the cash, and undertakes to discharge the 
liabilities. The excess of the assets acquired 
over liabilities assumed is, therefore, £7,300. 
The ^ce required by Brown is £0,000, the 
difference being the amount charged by him 
for goodwill. He agrees to accept payment 
of this price, £6,000 in cash and £3,000 
in shares. The journal entries necessary 
to record the transfer and payment are as 
follows : 


The order of the liabilities as given in the 
form is (1) the capital, showing the number of 
shares and the amount per ware paid, with 
particulars of any arrears and forfeitwibhares ; 
(2) the debts and liabilities, showing loans on 
mortgages or debenture bonds, debts on bills, 
open accounts and for interest, and also any 
amounts duo to shareholders for unclaimed 
dividends ; (3) any reserve funds ; (4) the balance 
.of the profit and -Inks account available 
for dividend ; and (5) any contingent liabilities, 
being either claims not acknowl^ged as debts 
or amounts for which tha^ company is only 
contingently liable. 

The order of the assets is: (1) property held by 
the company, showing (o) immovable property, 
distinguishing freehold and leasehold land and 
buildings ; and (b) movable property, distinguish- 
ing stock, plant, etc., and giving both cost and 
deductions for depreciation ; (2) debts owing 
to the company, showing those considered good 
for which the company (a) holds bills or (h) has 


Jan. 1 


Freehold Promiaos . . , . Dr. 

Stock . . . . . . . . . . • . ' • . . . „ 

Sundry Debtors „ 

Goodwill . . . . . . . . . . . . , . . . „ 

To W. Brown Purchase Account . . 

For the price of assets purchased as per agreement dated 
W. Brown Purchase Account . . . . . . . . . . Dr. 

To Bills payable 
,, Sundry Creditors . . ... 

For liabilities assumed by Company under Agreement dated 
W. Brown Purchase Account. . . . , . , . . . Dr. 

To Share Capital Account . . 

For shares allotted to him in part payment for business as 
per agreement dated 


4,500 0 0 
600 0 0 
3,000 0 0 
1,700 0 0 


700 0 0 


3,000 0 0 


9,700 0 0 

280 0 0 
420 0 0 

3,000 0 0 


Brown will also bo debited and cash credited 
with the £6,000 payable in cash as and when 
the amount is paid. The student should now 
open the ledger accounts and post thereto the 
various journal and cash book entries in order 
that the full effect of the transactions may be 
appreciated. 

Companies* Balance « Sheets. The 

assets and liabilities of limited companies are 
not, as a rule, arranged in the same order in 
the balance sheet as those of an individual or a 
firm. Table A of the Companies' Act, 1862, 
besides providing a model set of regulations for 
a company, also gave a form of balance sheet 
to be used by companies governed by those 
regulations; and the order there laid down is 
^very generally adopted by companies having 
articles of association of their own. 


no security, and those considered doubtful or 
bad (any debt duo by an officer of the com^- 
pany must be separately stated) ; (3) cash 
and investments, snowing the natures of the 
investments and the whereabouts of the cash. 

Companies* Profits. One ^int that 
emerges from the foregoing is that tne balance 
of the profit and loss account is not transferred 
to the capital account, but is shown separately 
and distinctly in the balance-sheet. This Uf idway$ 
necessary in !he case of a comjpany, whatever 
has been the result of the trading. If there 
has been a loss the balance will appear on the : 
assets side of the balance-sheet. The dispose^r^ 
of the profit is usually shown in tbe ledgeir 
in an account called the Appropriation of Profit 
Account, a specimen of which, with the balance* 
sheet of a company, is given later. 

J. F. G. PRICE 
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Carpeting Floors and Papering Walls. Cubical Content and 
Problems connected therewith. Time, Distance, and Speed. 


CUBICAL CONTENT 


CARPETING FLOORS AND 
PAPERING WALLS 


155. • All problems on carpeting floors, paper- 
ing walls, painting surfaces, otc., depend on 
tho same thing — tt 2 ., that length x breadth 
= area. 

In the carpeting of floors, an arithmetical 
question always assumes that the floor is a 
rectangle, ana no allowance is made for 
“ matching ” the pattern of tho carpet. The 
carpet is taken from a long roll of given 
width, and all tho^student has to do is to find 
what area of carpet is required (by multiplying 
together the length and breadth of the room) 
and then to find what length must be cut from 
the roll to supply this area (by dividing the 
area by the width). 

The cost of the carpet is generally given as 
so much per linear yard. Then, since the 
number of yards required is known, the total 
cost of covering the floor is easily found. 


Example 1. Find the 
floor, 18 ft. long, 15 ft. 
27 in. wide, at 48. a yard. 
Area of carpet required 
Width of carpet 


Length reqd. = 
Cost 


cost of covering a 
broad, with carpet 

= 18 X 15 sq. ft, 

= 27 in. = 2.1 ft. 

_ 18 X 15 , 


18 X 15 

2f ''* 21x3 

« 18 X 15 X 4 
2f^“3 X 20 




_ X X ^ X 4 „ 

X X 


£8 A ns. 


Notice that the length of carpet is linear, feet, 
and therefore we divide by 3, not by 9, to 
reduce it to yards. Tho cost is found by 
multiplying the number of yards by tho price of 
a single yard— t.c., 4s. This would give the 
answer in shillings. Wo therefore put 20 in 
the denomindtor, to reduce the amount to 
£^ 8 . 

It should be pa'^ticularly noted that there 
is no need to work out a^y portion of the sum 
until wo get to tho cost. We do not want to 
know the actual area of the floor, or tho actual 
length of carpet required. 

Example 2. A room 21 ft. square has tho 
middle covered with a carpet 16 ft. square, at 
9 b. a square yard, and the space round the 
carpet is stained, at lOd. a square foot. Find 
the total cost. 

Area of floor =21 x 21 sq. ft. = 441 sq. ft. 

• Area of carpet =16 x 16 sq. ft. = 256 sq. ft. 

Area to be stained = 441—256 = 185 sq. ft. 
Cost of staining = 1850d. = £7 148. 2d. 


Price of carpet = Is. per sq. ft. 

. •. Coat of carpet = 2568. 

= £12 Ifls. 

.•. Total cost = £7 148. 2d. f- £12 Ifis. 

= £20 10s. 2d. Ana. 


Tho student must be careful not to confuse tho 
two expressions, “ 21 feet square ” and “ 21 
square feet.” 

166. The simplest way of finding the area of 
the walls of a room is to find the distance 
round tho floor, or the perimeter ^ and multiply 
by the height. This is equivalent to placing 
the four walls into one long wall, and multiplying 
tho length by the height to obtain the area. 

Thus, a room 18 ft. long, 15 ft. broad, 10 ft. 
high, if measured round the four sides of the 
floor, would give (18+ 15+ 18 i 15) feet foi 
the length of our “ imaginary ” wall. Therefore, 
tho area of tho four walls is (18 +15+18 
-I 15) X 10 sq. ft. ; or 

Twice (Length f Breadth) x Height = Area of 
Walls. 

The problem of finding the cost of papering 
the room is now tho same as that of carpeting 
a floor. Wo have only to divide tho area o,f 
tho walls, which is tho area of paper required, 
by tho width of tho paper, and we obtain tho 
length of paper required. Then, when we know 
the price per yard, the cost of the entire 
amount is easily found. 

Example. Find the cost of papering a room 
24 ft. long, 18 ft. wide, 12 ft. high, with paper 
21 in. wide, at 28. 9d. per piece of 12 yd. 

= 2 (24 + 18) X 12 sq. ft. = 2 x 42 x 12 sq. ft. 

Width of paper 21 in. . 1 j ft. 

Therefore. Length of paper required 
= ^.>i42>5l?ft. = 2x 42x12x4 
IJ 7 X 3 X 12 * 

Therefore, Cost 

== ^ ^ £2 4s. An.. 

5 — 


6 

CUBICAL CONTENT 

157. We have now to consider the measurement 
of volume, or solidity. Just as the rectangle is 
the chief surface considered in arithmetic, so 
the rectangular solid is the chief solid body, 

A rectangular solid is bounded by six rect- 
angular surfaces, each opposite pair of rectangles 
being equal and parallel to each other. 

A rectangular solid thus has three dimensions — 
length, breadth, and thickness. 

If the length, breadth, and thickness are all 
equal to one another, the solid is called a cvbe. 


ARITHMETIC, AL0EBRA, EUCLID, GEOMETRICAL DRAWNa, TRIGONOMETRY 
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Hence» a cubic yard, the unit of volume, is a solid 
body whose length, breadth, and thickness are 
each a linear yard. Similarly, a cubic inch 
measures one linear inch in length, breadth, 
and thickness; and a cubic foot measures one 
linear /oo^ in length, breadth, and thickness. 

158. The number of cubic feet (or inches, or 
yards) in the volume of a rectangular solid is 
equal to the number of linear feet (or inches, or 
yards) in the length, multiplied by the number 
of linear feet (or inches, or yards) in the breadth, 
multiplied by the number of linear feet (or 
inches, or yards) in the thickness. 

This is usually abbreviated into 

Length x Breadth x Thickness == Volume, or 
Cubic Content. 

For, suppose 
the solid in the 
diagram is 6 ft. 
in length, 4 ft. in 
breadth, and 3 ft. 
in thickness. It 
is clear that the 
solid can be cut 
into three slices, 
each 1 ft. thick, 
by planes parallel to the face ABFE. But, by 
Art. 163, the face ABFE contains 6x4 sq. ft., 
and under each square foot there is a cubic foot. 
Thus, each slice contains 6 x 4‘ cubic ft. There- 
fore, since there are three slices, the whole solid 
contains 6x4x3 cubic ft. 

169. Since, 

Length x Breadth x Thickness —Cubic Content, 
it follows that, if we know any three of these 
four quantities, we can find the fourth. 

1€0. The student should remember that 

(o) A cubic foot of water weighs 1000 oz. 
( avoir. ), approximately. 

(6) A gallon of pure water weighs 10 lb. 
(avoir.), or, 

“ A pint of clear water 
Weighs a pound and a quarter.” 

We have thus a relation between weight, 
capacity, and cubic content. 

Example 1. A tank 7 ft. long, 6 ft. broad, 
is filled to the depth of 2 ft. with water. How 
gallons of water are in the tank ? 

Amount of water =7x6x2 cubic ft. 

7 X 6 X 2 X 1000 

3 25 

- 7 x ^x l^x 

= 525 gals. Ans. ’ 

Example 2. An open tank made of iron 

in. thick, is 4 ft. long, 2 ft. 6 in. broad, and 
2 ft. deep, outside measurement. Assuming 
that iron weighs 7*8 times as much as water, 
find the weight of the tank. 

The external volume of the tank 

= 2 X X 4 oubio ft. = 20 cubic ft. 

Since the iron U ^ in. thick, the inside len^h 
is ^ in. less than the outside, the inside 
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is t in. less than the outside, and the inside 
dep^ is ^ in. less than the^ outside. 

Therefore, the interior volume 

= 29J X 47i X 23| cubic ih. 

69 X 96 X 96 


16 


cubic in. 


= 33279IJ cubic in. 

Therefore, volume of iron in the tank 

= 20 cubic ft. - 33279}} cubic in. 

= 1280|%^ cubic in. 

But 1 cubic ft. of iron weighs as much as 7 '8 
cubic ft. of water, 7*8 x 1000 oz., or 7800 oz. 

Weight of tank = ^ lb. 

* 1728 K 16 

= 361-190 lb. 


Example 8. The areas of the faces of a 
rectangular solid are 35 sq. ft., 21 sq. ft., and 15 
sq. ft. respectively. Find the length of eacli 
edge. 

The areas of the faces of a rectangular solid 
are (i.) length x breadth ; (ii.) breadth x depth ; 
(iii.) length x depth. If we multiply these 
together wo obtain (length)-* x (breadth)^ 
xifdepth)^ and the volume of the solid is 
the square root of this product. 

Hence, the volume of the given solid 
= v/35 X 21 X 16 cubic ft. 

= ft, 

= 3x5x7 cubic ft. 

Therefore, 

Length = (3 x 5 x 7) 15 = 7 ft. I 

Breadth = (3 x 6 x 7) 21 = 5 ft. } Ans. 

Depth = (3 X 6 X 7) 35 = 3 ft. j 

162. Wo have seen [Art. 163] that surface is 

of ttvo dimensions — t.e., wo find the area of a 
rectangular surface by multiplying tivo quan- 
tities together. If, then, wo have two rectangles, 
of which one is twice the length and twice the 
breadth of the other, the area of the first will 
bo 2^, or 4, times the area of the other. Or, if 
the dimensions of the first are 3 times the 
dimensions of the second, the area of the first 
will be 3^ times the area of the second. 

Similarly, since cubical content is of three 
dimensions, if we have two rectangular solids 
in which the dimensions (length, breadth, thick- 
ness) of the first are any multiple, say 3 times 
the dimensions of the second, the volume of the 
first will be 3^ or 27, times the volume of the 
second. • 

But it should be noticed that area of the six 
Burfaeeii of the first solid will only be 3^ or 9, 
times the area of the surfaces of the second; < 

Example 1. The cost of thatching varleif 
as the area thatched. If it costs £4 to thatob 
a stack 16 ft. high, how high is a eimilar stack 
which it costs £2 58. to thatch ? 

£2 5b. is ^ of £4. Therefore the area thatched 
in the second case is ^ of that thatched in 
the first case. Hence, each dimension of the 
second stack is or f, of the correspond- 
ing dimension in the first stack. 

But, the first stack is 16 ft. high, therefore 
the second is } of 16 ft., or 12 ft. hSrh Ans, , 
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Example 2^ What is the value of a silver 
coin similar to a sixpence, but twice as thick ? 

The coins are similar, so that every dimension 
(vt2., length, breadth, and thickness) of the 
one is twice the corresponding dimension of 
the other. Therefore the content of one coin 
is 2^ or 8 times the content of the other. 

Hence, the value of the second coin is 8 x 6d. 
- 4s. Ans. 

Example 3. The dimensions of a rectangular 
box are as 3 : 4 : 5. The difference between 
painting the outside at 6d. and at 7d. a square 
foot is 178. 7Jd. Find the dimensions of the 
box. 

Suppose the box to be 3 ft. x 4 ft. x 5 ft. 
The total area of the six faces would be 
. 2 {(3 X 4) 4- (4 X 6) + (3 X 5)i sq. ft. - .94 sq. ft. 

But, the difference between the costs at 6d. 
and at 7d. a foot — 17s. 7Jd. = 2114d. 

Therefore, the actual area of the six faces is 
2114 sq. ft. 

Thus, 

Actual area : supposed area I * 211J : 94 

: : 423 : 188 

Therefore, each dimension of the actual box 

= if of the corresponding dimen- 
sion of the supposed box. 

Hence, 

length = if X 5 ft. = 7i ft. 1 

Breadth = | x 4 ft. = 6 ft, V Avs. 

Depth = y X 3 ft. = 4J ft. J 

EXAMPLES 19 

1. A rectangular field, three times as long as 
it is broad, contains 30 acres. Find its length 
and breadth. 

2. Find the cost of the paper for a ijbom 
17 ft. 9 in. long, 13 ft. 9 in. broad, and ft. 
high, the paper being 21 in. wide, and it^price 
2s. 8d. per piece of 12 yd. 

3. The floor of a room 21 ft. square has a 
square carpet in the middle, costing 6s. 3d. per 
sq. yd. The outside border is covered with 
oil-cloth at 2s. per sq. yd. Had the whole floor 
been covered with carpet, the cost would have 
been increased by £3 18s. Find the width of 
the oil -cloth border. 

4. A rectangular cistern is 6 ft. long, 4 ft. 
wide, and 3 ft. deep inside measurement. Find 
the cost of lining it with lead, weighing 8 lb. to 
the square foe t, at 10s. 2d. per cwt. 

5. It costs £2 178. 9d. ,10 paper ^certain 
room. What would the cost nave beS:^ the 
room had bt^on twice as long, twice as woad. 
and half as high again ? 

6. The cost of levelling and turfing a square 
cricket field at lOd. per square yard is 
£852 Os. lOd. What will it cost to surround 
the field with an iron fence at 8s. per yard ? 

, 7. The dimensions of a rectangular box are as 
7:6: 3, and its volume is 13,125 cubic in. Find 
its- dimensions. 

TIME AND DISTANCE 

163* The speed, or rate at which a body is 
thoving, is measured by the distance through 
which the body would move in a given time. 


Thus, when we say that at some particular 
instant a person is walking at 4 miles an hour, 
we mean that if he continues walking at the 
same pace as at that particular instant ho will 
go 4 miles in the hour. 

A person walking at the rate of 4 miles an 
hour, will go 8 miles in 2 hours, 12 miles in 

3 hours, and so on. Hence, 

Bate X Time = Distance ; 
and when we know any two of these quantities 
we can find the third. 

164. In many questions on speed, it is useful 
to be able to convert readily “ miles per hour,” 
into “ feet per second.” For this purpose wo 
shall first find what rate in feet per second is 
equal to 60 miles per hour. 

60 miles per hour 

= 60 X 1760 X 3 ft. in 60 x 60 seconds 
88 

-5 ft. per second 

% 

— 88 ft. per second. 

Remembering this result, we can easily 
conveit any other rate from miles per hour 
to feet per second. For example, 20 miles per 
hour is -{g of 88 ft. per second, i.e., ft. per 
second. 

166. Suppose two persons walking along the 
same road, the first at 4 miles an hour, and the 
second at 3 miles an hour. Then, if they are 
walking towards one another, at the end of 
1 hour they will have diminished the distance 
between them by 4 +• 3 miles, t.e., they approach 
one another at the rate of 7 miles an hour. 
Or, if the first person i.s following the second, 
at the end of 1 hour they will have diminished 
the distance between them by 4 — 3 miles, 
they approach one another at the rate of 1 mile 
an liour. HTence, if we know their distance 
apart at any particular time, we can find how 
long after that time it will bo before they meet. 

, Example 1. The distance between Edinburgh 
and London is 400 miles. At 12 noon a train 
leaves Edinburgh for London at 40 miles an 
hour, and I hour later a train leaves London 
for Edinburgh at 60 miles an hour. When, 
and at what distance from London, will they 
meet ? 

At J o’clock, the train from Edinburgh has 
travelled 40 miles, so that, when the other 
train leaves London, the two are 400 — 40, 
f.c., 360 miles apart. But they approach one 
another at the rate of 40 f 50, or 90 miles per 
hour. 

Therefore, the time till they meet = 360 

90 — 4 hours after 1 o’clock. 

In 4 hours the train from London travels 

4 X 50 miles = 200 miles. 

Hence, the trains naeet at 5 o’clock, 200 miles 
from London. Ans, 

Example 2. The rates of two evolists are 
as 11 : 8. They start together from the winning 
at and race round a oircular track. The 
tter man passes the other every 4 minutes, 
and when the race ends they are passing the 
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ip^nning post together for the first timO* Ttcfw 
long did the race last ? 

Since 11 and 8 are prime to one another^ it is 
clear that they will first pass the winning post 
together when the first has ridden 11 times 
round and the second 8 times round. 

The faster man thus Rains 11 - 8, or 3, rounds 
during the race. But, he passes the other man 
every 4 minutes, ».e., he gains 1 round in 4 
minutes. Hence, he will gain 3 rounds ih 3 x4 
minutes, t.e., the race lasted J2 minutes Ans. 

Example 8. Three men ride round a Circular 
track 2112 yd. in circumference. The first 
goes 440 yd. a minute, the second 352 yd., 
and the third 344 yd. If they start together, 
riding in the same direction, how long wifi it be 
before they are together again ? 

The first man gains on the second at the rate 
of 440 - 352, or 88 yd. per minute. Since the 
distance round the track is 2112 yd., the time 
till the first man again passes tne second is 
2112 -f- 88, f.e., 24 minutes. 

Similarly, tlxe first man gains on the third at 
the rate of 440 - 344, or 96 yd. per minute. 
He will, therefore, pass the third man again 
after 2112 96, t.e., 22 minutes. Hence, the 

first man will pass both the others together after 
the L.C.M. of ^ and 22 minutes, t.e., 264 minutes, 
or 4 hours 24 minutes Ana. 

166. In the case of a train of given length 
passing a certain point, or of two trains passing 
one another, we have to consider the distances 
travelled. It is olear that, in the first case, the 
train has to travel a distance equal to its own 
length, so that, knowing the length of the train 
and its rate, we can find the time taken to pass 
a given point. 

& the caee of one train passing another, the 
one train must gain on the other a distance equal 
to 1^6 sum of the lengths of the trains. 

A* 
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A m B 
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hQofhert the one thuet )B(m^ 
\ thrbugh a distance 77 H- 88 


sec. 


same 


= 22^ sec. Ana, 


Simpose AB and CD to be two trains, and let 
the wain AB be moving in the direction shown 
by the arrow. Then, whether the train CD be 
moving in either direction or whether it be 
standing, it is evident that when the two trains 
are again clear of one another, their relative 
msition will be that shown by A^B^ and CD. 
Thus, the one train has travelled, relative to 
the other, a distance AA^ which is the distance 
equal to the mm of the lengths of the trains. 

^ Example. Two trains of lengths 77 yd. and 
88 yd. are moving at 45 miles and 30 miles per 
hour respectively. Find how long they take 
to pass each other (i.) when they are moving 
in opposite directions ; (ii. ) when they are moving 
lin the same direotion. 

When they are moving in opposite direo- 
tioiitf their relative speed is 

45 + 30 = 75 miles per hour. 

“ ^^3" y**- *** ■“* 
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And, td ^ 
relative to *the i 
s= 165 yds. 

Hence, they will pass one another in 

3 

' I 

« ^ 4^ sec. Ana, 

(ii.) When they are^ moving in the 
direction their ‘relative speed is 

45 - 30 = 15 miles per hour. 

= V yd- [Art. 164]. 

Hence, they pass one another in (165 
seconds. 

' 15 

_\H^x3 45 

2 

2 

167. In problems concerning the rate of a 
boat rowed with or against a stream the principle 
is the same. 

If a man oan row a boat, say at 4^ miles an 
hour in still water, and he rows against a stream 
whose rate is miles an hour, the actual rate 
of the boat will be 4^ - IJ, or 3 miles an hour. 

Similarly, if he rows loith the stream, the actual 
rate will be 4J + 1^, or 6 miles an hour. 

Example. A man rows 7 miles against a 
stream whose rate is 1 mile per hour in 1 J hours. 
How long will he take to row back again ? 

Against the stream he rows 7 miles in 1 f hours 
7 

= ^ j — 4 miles per hour. 

; the stream hinders him 1 mile per hour ; 
pre, in still water he rows 4+1 = 5 miles 
Sur. 

Hence, rowing down stream his rate is 5 + 1 
= 6 miles per hour. Therefore, to row 7 miles he 
will take 7 6 = 1 J hours = 1 hour 10 mm Ana, 

Answers to Arithmetic 

Examples 18 

1. 3 X 7 X 13 = 273. 6. 2' x 3 x II = 264. 

2. 2* X 17 = 68. 0. 5 x 23 = 115. 

8. 5* X 1 1 X 19 = 5225. 7. 314*27. 

4. 77. 8. 1*7728... = 1*773. 

9. (i.) 314 ; (ii.) 210 063. 

It 

.'.12. £19 5s. 4d. = 4624d. .-. No. of hooka 

=! n/46S4 = 68 ^ns. 

18. £6 2s. 6d. = 245 sixpences. Had he (Mot 
as many sixpences each day as there were mi^ys, 
he would have spent 245^;^ 5 = 49 slicpences. 

the number of days = ^^49 = 7 days Ana, 

14. Height of the t op of the wm&>w above 
the ground = fP ft. = 48 ft. Height of 
bottom of window above ground s=: \/50* - SO^ft. 
as 40ft. Therefore, the window meaihreo '{48 
-40) It. n 8 ft. from top to bottom* 

Hs J. AHJPOBT" 
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6R0Ut> 1-SUCCESS ' THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 15 

The “Cet-it«Over” VIev -ot Doing Work. 

The Evils and Advantages of Specialisation. 


ON MASTERING 

“ VJl^HAT need can there be/* it may be 
^ asked, for insisting on mastering 
one*s business as a condition of success ? 
Cannot such a necessity be admitted as a 
matter of course ? ** The answer is that it is 
less and less a matter of course that a man 
will seek to master broadly the business of 
his life. Indeed, in every profession, busi- 
ness, calling, or craft a large preponderance 
of the workers do not seem to see that it is 
either a privilege, duty, or point of personal 
advantage to become thoroughly and 
scientifically acquainted with the whole 
range of the activities in which they arc 
incidentally engaged. 

The reason for this state of things is to 
be found in the extraordinary extension of 
what the old econdifnists called division 
of labour.** In the manufacturing world 
machinery has divided work into minute 
parts that can be perfected with amazing 
swiftness and efficiency, and the attention 
and skill (^the individual worker tend to 
become similarly concentrated within a 
narrow range. It seems likely that a time 
.may arrive when nobody will be able 
to make anything completely, but each 
will be expert in one process of an elaborate 
combination of processes. Nobody will 
make a pair of shoes, but somebody will have 
abnormal skill in making the lace-holes. 
//It is exactly the same with more 
advanced scientific or professional work; 
only, in that quarter, division of labour 
takes the more recent and acceptable 
name of specialisation. A man has no 
sooner made a fair start witli any work 
that may give him a sound professional 
status thari"I:e is beset with derxiands that 
he* shall declare his tastes and follow them 
into some separate and specialised depart- 
ment, where he can gain experience narrow 
ih proportion to its efficiency. The result 
pr these tendencies is that, to a large 
extent; acquaintance with business is de- 
partmentalised, and the wide and general 
kno^edge which enables a man to become 
a su^visor, or a marshal of many forces, 
pr a^controller quick to see the coming 
ebangesr |liat matter most, is much less 
common, though increasingly valuable. 


ONE’S BUSINESS 

The point that is emerging here is that 
between a mastery of one*s business and 
specialisation, with its minute and exces- 
sive skill, there is a natural antagonism, at 
least on the surface. When a man. can do a 
thing supremely well there is a temptation 
on the part both of himself and his 
employer to arrange that he shall go on 
doing it ; but that is not the path to more 
than a very limited success. Whatever 
specialised skill may be attained, it is 
incumbent on every ambitious and in- 
telligent worker to know a great deal about 
all the operations in the midst of which he 
is exercising his skill ; and, so far from 
this being practised as h. matter of course, 
it is one of the most neglected, though 
surest, avenues to success. 

Some practical illustrations will, perhaps, 
best enforce this general statement of the 
position. Let us begin with banking. It 
may be questioned whether any form of 
modern work is carried on, in its more 
mechanical aspects, by so many discon- 
tented young men as banking. A young 
fellow leaves school with' a fair general 
education, and his friends think they have 
served him very wtU when they have 
secured for him a nomination for a position 
in a bank, and given him a start there. 

But a few years pass, and he begins to 
feel that he would rather be anything in the 
wide world than a bank clerk. What is he 
but a bookkeeper condemned to a round 
of dull entries and trivial calculations ? 
The liveliest duty he can see immediately 
ahead of him is the passing of somebody 
else*s money forward or backward across 
a counter. And this is all that a great 
many young men in banks can see. 
Therefore they become sated and wearied, 
and long for a change. 

And yet at the back of the dull routine 
work of the bank, and waiting to be 
mastered by anyone who has energy, 
imagination, and insight, is the whole 
marvellous system of the world’s finance, 
a field of operations crowded with oppor- 
tunities for anyone who has sufficient 
grasp of mind and curiosity to master the 
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whole business. It is not the man's duty 
in life to continue indefinitely keeping 
accounts and handling money as a go- 
between, but to do these things on the 
way to understanding the whole science of 
money, and such branches of industry 
and business as are mixed up with the 
lending and borrowing of money - opera- 
tions that have dignity and importance, 
and may tax the ability, shrewdness, and 
experience of the most alert. As for the 
discontented who are irked by the 
monotony of work from which they do 
not seriously attempt to rise, they may 
appropriately say, with Cassius, that the 
fault is not in their stars but in themselves 
if they are underlings. 

A second illustration may be found in 
journalism. What proportion of men 
working as journalists can be said to have 
attempted to master their business ? 
Many only set out with the idea of being 
reporters — a difficult, onerous, and honour- 
able occupation, but one that ought not 
to set the bounds to the ambition of any 
man who is capable of being a sound 
reporter. Even when the reporter lias 
limited his - efforts to reporting he often 
learns little about the prwluction of the 
journal to which he furnishes copy. That 
he should appr'eciate the points of view of 
sub-editors, and printers, and of publishers 
who have to catch trains, does not strike 
him as a natural and pressing duty. 
Sometimes, too, he is inclined to expect 
the particular forms of reporting in which 
he is expert to be reserved for him, and 
he resents simpler work as rather beneath 
his dignity ; while the journalist whose 
ordinary task is to deal with opinion, or to 
use a more or less literary style, regards 
the WTiting of a report as a form of quite 
inferior activity. 

Particularly the men w’ho enter 
journalism from the outside are content 
to know little about the technique of 
the profession, if their writing is sufficiently 
original to command a market by its 
readableness or its more impressive 
qualities. In each of these instances a 
man detracts seriously from his value, 
\and narrows greatly his opportunities for 
accepting the responsibilities attached to 
the most substantial success, if he does 
not set before himself the ideal of master- 
' ing thoroughly every phase of liis busine.ss. 
Width of knowledge and adaptability will 
have a higher value with every upward 
step, for no one can be perfect in command 
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who does not know how all kinds of things 
are done and the reason for doing them. 

Another cogent illustration may be 
taken from school life. Forty years ago 
every teacher who was being trained for 
his work had before him, as his immediate 
ambition, the management of a school. 
He thought of that, and of nothing less. 
To teach a class was but an incident in 
the day’s work. Organisation, so as to 
utilise limited resources to the utmost, was 
essential. The management of a consider- 
able school was like the captaining of all 
the departments of a ship short-handed. 
Now the young teacher is trained, at the 
same age, to teach a class, which must not 
be too large, arid must have a room to 
itself, and he becomes a ** cl ass- teacher.’*' 
He calls himself distinctively by that 
name. If he were set to manage four 
classes at once in a large room' he would 
be appalled. But that was what -his 
predecessors often had to do for haVf an 
hour at a time, as a matter of course! 

These comments arc not made in defence 
of the old system of management in 
squadrons. But they do point to the, fact 
that the old ideal embraced a riiastery of 
'the whole business, and the irtodern prac- 
tice often stops short with deparlriiental 
efficiency, limited in its scope, arid failing 
to embrace much that every teacher 
should be interested in, and master of, 
including the broad aspects of education. 

There is not a profession, inclustry, 
business, or trade from which similar 
examples inight not be drawn.’ ’The 
question for each worker is whether, he is 
content to be a cog in the machine, doing 
a limited amount of routine work for a 
limited remuneration, or whether he will 
seize every opportunity for gaining an 
understanding of the working of the whole 
machine. Some, it must be granted, are 
only fit to be cogs, repeating a fixed duty, 
but many who remain in that position do 
so not because they lack the ability to 
widen their skill and knowledge, but 
because they lack initiative, confidence, 
and will to prepare themselves for changes 
that may offer splendid opportunities. 

The first secret of success in mastering 
any business thoroughly is that the worker 
shall feel an interest in the business, and 
shall turn on it an enterprising spirit of 
curiosity. But that is exactly what many 
seem to avoid. As it is their work, they 
are inclined to regard it as dull. They 
prefer to get away from it as much as 
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possible. They fancy that any other 
occupation would have greater freshness. 
Whereas the fact is that no craft or 
business activity is dull except to those 
who are themselves dull in spirit. Pro- 
bably it is being pursued as a hobby by 
somebody with avidity, and is constantly 
becoming a source of pride to them as 
they attain more skill in it. 

Take the mechanical forms of engineer- 
ing as an example. One hears young 
apprentices complain that they are kept 
on at some quite simple mechanical work, 
and have little chance of acquiring adapt- 
ability. Whose fault is it ? They can 


obtain a mastery of the tools of their trade 
if they really mean to have it ; and an 
unlimited vista of skill opens out before 
any one of them. Let them read the lives 
of men like Henry Maudslay and William 
Murdock, who, besides splendid inventive 
genius, had a wonderful mastery over the 
simplest tools, as witness that fine tribute by 
a working man after Maudslay was known 
throughout the world as a master mechanic : 

Oh, but he was a grand man with an 
eighteen-inch file I '' There we get down 
to the bed-rock of Maudslay's enthusiasm 
and success. He loved the. very elements 
of his work, and on them built up his fame. 


To interest in one's work or profession 
must be added not only diligent practice, 
but study, and a determination to secure 
widening experience. Everybody who has 
any desire to avoid stagnation must have 
a hobby or study. Why should not a 
man’s life-work be one of his hobbies that 
he will pursue through study during his 
spare hours ? At least he should get 
together all the subsidiary knowledge 
about it that can be gained readily through 
books or by steady personal investigation. 
His trade may be but a fragment of an 
elaborate series of mechanical processes, 
as in the shoe trade, but surely it is better 


that he should make an effort to follow all 
the processes, understand the general 
working of the machinery, know something 
of the history of the materials used, and 
the reasons for their varying quality, and 
to be able to trace the finished product 
through tlie changing conditions under 
which it is marketed. Such knowledge 
will give a new dignity to his small share 
of the work ; and who knows but that it 
may prepare him for taking wider re-, 
sponsibilities in the business if his natural 
capacity will admit of it ? 

If collateral study is a fine supplement 
to technical labour, much more is it 
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essential to professional breadth. . There 
is not one of the professions but is en- 
veloped in romance if it be made the 
ground-plan for systematic reading and 
thought. Only thus can its underlying 
principles be adequately appreciated, and 
a broad outlook upon it be attained. We 
all know the difference between the reading 
doctor and the rote-work practitioner ; 
between the rule-of-thumb scientist and 
the man who feels the flow of the great 
tides of thought of Ihs generation ; be- 
tween the partisan and the publicist ; and 
divergences as wide often come into the 
world’s businesses and make the difference 
between success and failure, ft is largely 
a question of outlook. One man has had 
wliat may be called busituiss culture, and 
another has not. One has thought out 
the principles of his branch of industry, 
and has seen it in its true perspective, and 
the other has not. The man witli the up- 
to-date, studious mastery succeeds ; the 
routine worker in a groove fails. 

The mastering of a business depends 
very largely on where the would-be learner 
goes for his experience— whether he knows 
how t<^) take advantage of the incoming 
tide and avoid th(‘ ebb. S(jme years ago, 
in one of our Midland towns, trade was 
generally slack, and anyone making in- 
quiries of the oldest and best established 
firms was answered invariably with a 
doleful shake of the head. Their machin- 
(‘ry was idle, their reputation was of no 
assistance, and their short-time staffs spent 
much leisure in wondering what the world 
was coming to. And yet at that very 
time, in the same trade and tlie same 
town, young men with no capital began 
laying the foundations of rapidly growing 
fortunes. They had been wise enough to 
come freshly to a study of the business, 
without being hampered by any obsolete 
machinery, or being predisposed to run 
in grooves that liad once been pathways 
of prosperity, but now were out-wwn. 
Thus decreptitude and vigour came into 
startling proximity. Experience failed ; 
insight flourished. 

'Phe same lessons may be read in many 
directions. Beware where you look for 
^our experience, or you may find yourself 
afloat on the ebb tide. As a rule it is par- 
ticularly wist to avoid those who are proud 
of being “ practical men.” Seldom have 
they any width of outlook. Their faith 
is usually pinned to the traditional 
methods of the fathers who served a gen- 
eration which distrusted all that was new. 


The mistake is not unknown on a 
national scale. There was a time when, 
in ohc of the leading agricultural counties, 
it used to be a local amusement to trace in 
the oracular utterances of a great par- 
liamentary pundit, a Minister of' the 
Crown, the opinions and practical advice 
given by an equally oracular local au- 
thority, whom everyone knew to be the 
stupidest of all men in his own line of 
business and up to his neck in failure. 
Yet his opinions, or rather dogged pre- 
judices, were retailed to the House of 
Commons .as the very quintessence of 
wisdom and practical guidance. To gather 
wisdom we must know wdicrc wisdom is, 
and that can only he known by breadth 
of survey and shrewd insight. The 
mastery of business needed is that which 
will fit tomorrow’s needs. It is useless 
to go to the cxpc'rieiice that toils heavily, 
in unobservant content, along the rutted 
roads of the past. 

Because the need for a broad, as well as 
keen, interest in our life’s business has been 
insisted on here, and the dangers of a too 
restricted specialisation have been pointed 
out, it must not be supposed that the value 
of specialisation is overlooked. Of course, 
there must be a concentration on a limited 
range of skill, or duty, or knowledge, till 
thoroughness is attained. Nothing is 
more fatal to success than a wandering 
mind. The best warranty that a man will 
be able to extend the range of his efficiency 
is found in tlic completeness witli whk'h he 
has mastered earlier, and perhaps simpler, 
duties or processes. 

In many directions .specialisation is the 
secret of success. Not only must each 
field of science, for example, be quartered 
diligently if original work is to be done, 
and professions like the law be divided into 
sections that will always remain large and 
complex ; but every form of modern 
business demands specialists who concen- 
trate themselves on particular phases — 
one as a buyer in special ** lines,” another 
as a salesman, a third as an organiser, and 
so forth, in growing sub-divisions— but 
while this is so, and will remain, the need 
exists everywhere for a wider outlook, 
so that the relation of special work to the 
whole may be borne in mind. It is the 
men with progressive knowledge, broad 
but thorough, who rise to supervision and 
control, and who, by the way, have the 
most interesting life as they pass from 
monotonous skill to varied knowledge. , 

JOHN DERRY 
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The Danube Basin. States of Austria-Hungary. Danubian Plain. 

. Alpine and Carpathian Provinces. The Balkan Peninsula. 

AUSTRIA AND THE BALKANS 


A ll the regions hitherto described arc crossed 
by rivers flowing to North European seas. 
The only remaining region, the Danube basin, is 
cut off from the rest of Germany by the (Central 
Highlands and is drained to the Black Sea. 

The sources of the Danube in the Black 
Forest are quite near the Rhine, but the two 
rivers immediately diverge. The Danube flows 
east along the base of the Swabian Jura, receiv- 
ing, among other tributaries from the Alps, the 
lller, with Ulm at its confluence, the Tjcch, on 
which is the old trading town of Augsburg, the 
Isar, on which is Munich (Miinchen), the capital 
of Bavaria, and the Inn from the Tyrol. The 
Inn enters the Danube among magnificent 
scenery, and at its confluence is Passau, the 
frontier town of Austria. Info that country 
we shall next follow it. 

What Austria-Hungary Is. Austria- 
Hungary is a dual monarchy, consisting of the 
empire of Austria and the kingdom of Hungary, 
governed by an Emperor-King. 

The Austrian Empire (110,000 sq. miles) 
consists of (1) Bohemia, Moravia, and Austrian 
Silesia, all in the Central Highlands ; (2) the 
Danube archduchies of Upper and Lower 
Austria ; (3) the Alpine duchies of Tyrol, Salz- 
burg, Styria, Carinthia, and Carniola ; (4) the 
Dinaric lands of Istria and Dalmatia, on the 
Adriatic ; (5) the Carpathian lands of Galicia 
and Bukovina, on the northern foreland of the 
Carpathians. In the midst of these is Hungary 
(126,000 sq. miles), the plain of the Danube, 
surrounded in the north and cast by the Car- 
pathians and the Transylvanian Alps, the latter 
forming Transylvania, and in the west by the 
bare limestone mountains of Croatia-Slavonia. 
Bosnia and Herzegovina, north r f the Balkan 
])eninsula, which have been administered by 
Austria-Hungary since 1878, were formally 
annexed to the empire in 1908. Many different 
regions are thus united, occasionally, as in the 
case of Hungary and Bohemia, corresponding 
with geographical conditions, but often de- 
termined by merely political considerations. 
Austria-Hungary is, therefore, geographically 
unstable. It is also racially unstable. The 
different elements in the population— German 
and Slavonic in Austria ; Magyar, Romanian, 
and Slavonic in Hungary — contend for mastery ; 
constant friction attends their political union. 

The Danube in Austria. A region 
so vast and diverse has too many varieties 
of climato, products and occupations to be 
described as a whole. What unity it has comes 
from the great Danube, w'hich enters Austria 
at Passau, where it receives the Inn, its only 
tnbutary from the Swiss Alps. Below Passau 


it flows between the Alps and the Bohemian 
Mountains, forming the Austrian Gate, at the 
eastern end of which Vienna is built. 

At Vienna the Danube is a magnificent river, 
rolling across a plain shut in to the south by 
spurs of the Styrian Alps projecting toward the 
little Carpatliians, offshoots from the main 
range. Between these the river flows in a 
gorge known as the Hungarian Gate, where 
the Hungarian town of Presshurg is built. 

A Magnificent View. All this is easily 
made out on the map, but it is thus a traveller 
translates the map's abstractions into realities : 
“ To the oast downwards the plain sinks into 
the horizon, aud the towers of Presshurg, and 
even the foremost heights of the distant Car- 
pathians, are discernible. To the south-west 
are offsets from the ridges of the Styrian Alps 
which form the rapids of the Danube. To the 
west the country rises from vineyards and 
orchards to precipices, forests, and mountains, 
the beginning of the Alps. To the south the 
lofty snow-clad summits of the Styrian Alps, 
embracing one side of the plain on which Vienna 
stands, and sending out promontories abruptly 
to the Danube, close the circle. In the midst 
of this vast panorama lies in full view the city 
of Vienna, with its cathedral and lofty spire 
rising against the sky ; and far the most striking 
part of every view of which it forms part, the 
Danub(». the monarch of European rivers, 
rolling its rapid and mighty stream.’' Just 
above Pn'ssburg comes in the March from the 
Moravian Gate, flowing between the Bohemian 
Mountains and (he Carpathians. 

The Hungarian Danube. We are 

now in Hungary, with the Alps and Central 
Europe receding behind us. Presshurg is the 
gate of Eastern Europe, the direct road to that 
sea whose waters wash tlu', shores of Asia. In 
the fertile plain which the Danube next crosses, 
the Raab comes in on the west from the Alps, 
and on the east tributaries descend from the 
Carpathians, which are broadest in the Hun- 
garian Ore Mountains. Between these and the 
Bakony Forest on the west, at whose southern 
base is Balaton, the largest lake in Austria- 
Hungary, the river flows, and is turned south 
by the eastern spurs of the Bakony Forest. On 
these, the last heights in the Hungarian plain, 
is Budapest, the capital, a double city, Buda on 
the high west and Pest on the low east bank, 
together forming a city magnificent in natural 
beauty and architectural splendour. 

The Plain of Hungary. Before us 
stretches the lake-liko river, studded with wooded 
islands, and a vast plain loses itself on the 
distant horizon. Hundreds of risers water it, 


fHVSiCAL, POLITICAL, & COMMERCIAL GEOGRAPHY, WITH EDUCATIONAL TRAVEL 




MAP OF THE EMPIRE OF AUSTRIA-HUNGARY 




GROUP 2--QROQRAPHV 


Bproading their rich' sediment over it in every 
flood. On its illimitable pastures are bred 
famous horses, and tens of thousands of cattle, 
sheep, and swine. It is, in fact, part of the 
great Eurasian steppe, and its Magyar inhabit- 
ants are true to the blood and the pastoral 
occupations of their Asiatic ancestors who 
centuries ago conquered a country so well 
suited to them. Elsewhere, ploughed fields, 
golden in summer, stretch far as eye can reach. 
The villages, with their orchards of plum and 
pear, and their shady acacias, are dotted about 
the plain, far apart, but large and prosperous. 
Through this land of green and gold the Danube 
flows south to meet the Drave, which has como 
down from the Tyrol, and ' along the eastern 
margin of the Croatian Mountains, behind 
which are the blue Adriatic and the Hungarian 
wheat and flour port of Fiumo. 

The united river keex)S the direction of the 
Brave, receiving the Tisza, or Theiss, flowing 
from the Carpathians through com lands and 
the famous vineyards of Tokay. Its last great 
tributary is the Save, which has come 700 miles 
from the Aljjs of Carniola and along the north- 
we45t margin of the Balkans ; it rcceiv'cs the Brin 
from the south, the boundary between Bosnia 
and Servia, the latter of which fronts Hungary 
across the Danube. The Servian capital, Bel- 
grad, is built at the confluence of the Save, 
and 50 or 00 miles lower the Danube forces its 
way between the Transylvanian Alps and the 
Balkans, in a scries of grand defiles called the 
Klisura, terminating in the rapids of the Iron 
Gate, now made navigable by blasting and 
canalising. Here, at Orsova, it leaves Hungary. 

Mountains and Climate of Hungary* 

So vast and ri(?h are the plains that wo 
often forget the mountains of Hungary. For 
000 miles on the north and east the country is 
enclosed by the Carpathians, 150 miles broad 
at their broadest. The finest scenery is in the 
Tatra, where granite peaks, 8000 foot high, rise 
above lovely lakes. Oak, beech, and pine 
forests clothe the mountain side, with bear and 
wolf lurking in their unknown depths. Below 
are jewelled meadow's and terraced vineyards. 
Minerals, such as gold, salt, and petroleum, ^re 
abundant. The occupations are mining, forest 
industries, cattlo-.rearing, and agriculture. 

In Hungary begin to experience the 
continental climate of Eastern Euroiie. The 
summers are hot, the winters very severe, 
except along the Adriatic coast. The products 
have already been described. Wheat, and 
timber from the forests of the highlands, are the 
chief exports. 

Transylvanlav Croatia, and Dalmatia. 

The mountain-girt Transylvania is watered by 
tributaries of the Maros, which breaks west 
through the mountains to the Danube. The 
capit^ is Kolosvar, or Klausenburg, a university 
and manufacturing town. 

Croatia consists of bare limestone mountains, 
rising above the Adriatic, and of the fertile but 
marshy land between the Drave and Save. 
The bare, treeless mountains are “furrowed, 


pierced, and riddled into caverns, clefts, and 
gullies, valleys that have no outlets, and rivers 
without perceptible sources.” This region is 
called the Karst. Agriculture and cattle- rearing 
are both backward. The capital is Agram. 

To the north-cast of Croatia is the Istrian 
peninsula at the base of the Alps, with the 
Austrian port of Trieste, behind which rise tho 
bare mountains of the Karst. 

To the south the Karst scenery continues in 
the wild Dinaric Alx3s, w'hich descend 5000 ft. or 
(1000 ft. to the white towns, Ragiisa, Cattaro, 
and others, of the Dalmatian coast. The 
summers are hot and dry, the winters mild and 
wet. Some evergreen forests remain, and on 
the lower Adriatic slopes the vine, olive, and 
orange arc grown. 

The Alpine Provinces of Austria* 

The scenery is of the Alpino type already 
described. The climate varies with elevation 
and situation. Valleys opening north and east 
have warm summers, but cold winters ; tho 
Adige and other vtilleys opening south have a 
climate which suits the vine and mulberry. In 
the higher Alps cattle- rearing is the chief occupa- 
tion. Agriculture becomes important in the 
lower valleys and tow'ards the Danube. Salt is 
abundant in the Salzkammcrgut, the picturesque 
district round Salzburg. Iron and lead arc 
widely distributed in Styria, Carinthia, and 
(\arniola. Besides Salzburg, the chief towhs are 
Innsbruck, on the Inn, the capital of Tyrol, 
giving access to the fine rock sconeiy of the 
Dolomites ; Graz, the capital of Styria, on tho 
Mur, a tributary of the Drave ; Klagenfurt, tho 
capital of Carinthia, on the Drave ; and Laibach, 
the capital of (^arniola, on tho Save. All these 
rivers and towns arc conn<'ctc‘d with important 
routes across the Eastern Alps. 

Upper and Lower Austria. These lie 
between the Alps and tho Central Highlands, 
forming a transition between (iormany and Hun- 
gary. They are mountainous, and thinly* 
peopled. The chief towns are Linz and Vienna, 
at opposite ends of the Austrian Gate. 

Bohemia* Bohemia consists mainly of tho 
basin of the upper Elb(‘. It possesses many 
natural advantages which a prosperous people 
are quick to utilise. The climate of the sur- 
rounding mountains is severe in winter, but in 
tho lowlands the vino can be grown as well as 
cereals ; also sugar-beet, for making sugai ; 
potatoes, for food and distilling ; and hops, 
used in brewing famous beers, especially round 
Pilsen. The mountains yield valuable forests 
and cheap water-power, enabling papermakuig 
and other forest industries to be carried on. 
Coal and iron are widely distributed, and kaolin, 
clay, and quartz in the northern mountains make 
Bohemian glass and porcelain famous. Wool 
from the highlands, and cotton and flax brought 
by the Elbe, are largely manufactured. Engines 
and railway plant are made at Prag, the capital, 
a city of palaces and factory chimneys,- situated 
on heights above the Moldau. Tho majority of 
the inhabitants are Chekhs, but Germans are 
numerous in the towns. 
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Moravia and Austrian Silesia. 

Moravia lies oast of Bohemia, between the 
Moravian Highlands and the Carpathians. The 
mountains have a severe climate, but the vine 
can still be grown in the lowlands, as well as 
barley and sugar-beet. Linen and woollen 
manufactures are important round Briinn, the 
capital. Silesia carries on manufactures on the 
Austrian portion of the Silesian coalfield. The 
capital is Trox)i3au. 

The Carpathian Provinces. Galicia 
and Bukovina are mountainous in the south, 
where the Carpathians rise to 5000 ft., but 
fertile in the north, where they sink to the plain. 
The climate is severe, tlu; country being exf)Osed 
to the snowstorms which sw'cep over Kussia. 
Forests cover hundreds of square miles. In the 
lowlands cereals and potatoes are grown, and 
much spirit is distilled. Petroleum and rock salt 
are abundant, and a miniature underground town 
exists in the rock-salt mines of Wieliczka, near 
Cracow. This, the old Polish capital, in the 
narrow valley of the Vistula, commanding the 
route to the Moravian Gate, is a handsome city, 
manufacturing cloth and leather. 



Bosnia and Herzegovina (20,000 sq. 
miles). Bosnia is a land of mountains and 
valleys, the former clad in magnificent but un- 
j)roductive forests. Much of the surface has a 
mere film of soil, and is only fit for pasture. In 
the vallcy.s, cereals, the vine, and immense 
quantities of plums are grown. Manufactures 
are in ibeir infancy. The capital is Sarjiyevo. 
Herzegovina has the barren Karst scenery, but 
fc'rtile valleys. The capital is Mostar, in the 
fine gorge of the Naronta. 

THE BALKAN PENINSULA 
The Balkan States. East of Bosnia and 
south of the Danube arc the kingdoms of Hervia 
ami Bulgaria ; tlie kingdoms of Montenc*gro, 
Albania, and Greece south of Herzegovina. A 
small strip of land between the Black and ^Egean 
Seas is Turkish. 

Romania. At Orsova the Danube enters 
the fertile plains of Romania (or Rumania), 
tying between .the Transylvanian Alps and the 
Danube. These are crossed by innumerable. 


rivers, flowing, south to the Danube, the 
Romanian bank of which is low and marshy. 
The largest are the Screth and the Pruth. The 
summers are hot, but the winters very severe, 
the temperature falling many degrees below the 
freezing point. Romania (50,000 sq. miles) is 
an agricultural land, growing immense quantitiop 
of wheat, shipped from Galatz and Braila, neap 
the confluence of the Screth ; also hemp, flax, 
and tobacco. Petroleum is abundant and 
relineries numerous. Flour- mills, saw- mills, 
distilleries, cloth-mills, and tanneries abound. 

The capital is Bukarest (Bucurcsci). The 
Danube reaches the sea by a great delta, the 
branch most used for navigation being the 
Sullna. The total length of the river is 1800 miles. 

A Transition Region. In the north of the 
Balkan peninsula we have the Central European 
climate and vegetation. The summers are warm 
and the winters severe. Oak and beech are the 
forest trees, the plum is the commonc^st orchard 
tree, ai\d wlu^at the typical cereal. South of the 
Balkari.s. which curve round from the Tran- 
sylvanian Alps, separating North Bulgaria 
from Eastern Rumclia, we pass into a different 
region. The summers an' hot, and also dry. 
The winters an.^ mild, and most of the rain falls 
at that season. 

The rainfall is often so scanty that irrigation 
is necessary for agriculture. To suit this climate 
plants dev(‘lop various ])eculiarities. The aloe has 
thick, fleshy leaves, which store up moisture ; 
th(*. cyprc'sses, evergreen oaks, and the bushy 
stone-pines liave small, hard Icavc's. which lose 
little moisture by evaporcation. This type of 
climate and vegetation is characteristic of the 
Mediterranean region, to which wo are now 
passing. The fruits are the vino, olive, orange, 
fig, ])omegranate, peach, and apricot. The 
mulberry is largely cultivated to feed silk- 
worms. Wheat is grown under irrigation, but 
millet and maize are better suited to the hotter, 
drier ])arts. Pulses, principally varieties ol 
beans and lentils, are as important as root crops 
in Central Europe. One of them, lucerne, replaces 
grjiss as fodder. Cattle and horses, which need 
rich, moist pastures, give place to the hardier 
sheep, goats, mules, and asses. 

Mountains and Rivers of the Balkan 
Peninsula. Almost the whole peninsula is 
mountainous, though the mountains do not 
rise above the snow line. They form part of 
the great Eurasian mountain system already 
described, and are known under various names 
in different parts, as the Balkans between 
Bulgaria and Eastern Rumelia, the Rhodope 
Mountains or Dospoto Dagh in Bulgarian 
Macedonia, and the Pindus Mountains in Greece. 
Jn the north they are densely forested, but the 
forests have been destroyed in the south. Small 
plains, surrounded by mountains and difficult of 
access, are characteristic of the whole peninsula. 
Roads are bad, and communication backward. ^ 

Four important river valleys must be noticed : 
(1) The Morava, flowing north, across Servia, 
to the Danube; (2) the Iskor, rising spu,th pf 
the Balkans, and breaking through them to 
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the Danube ; (3) the Maritza, flowing round the 
northern and eastern base of the mountains 
Thrace to the iSgean ; and (4) the Vardar, 
flowing south to the Gulf of Saloniki. Notice 
that (1) the Morava and the Vardar, and (2) 
the Morava, Isker, and Maritza give through 
routes from north to south, and that the railways 
follow them. 

Montenegro. Montenegro (6000 sq. miles) 
is a wild land of bare limestone mountains, 
with a small, hardy shepherd population number- 
ing about half a million. The mountain scenery 
is of the Karst type, and agriculture is possible 
only in the wider valleys. The peasants’ houses 
are often festooned with tobacco, which is of 
excellent quality. There are few roads, no 
industries, and little trade. The capital is Cetinje 
(Cetigne), a red-roofed village town in a moun- 
taingirt plain, with a population under 5000. 

Servia. Servia (35,000 sq. miles, including 
the territory wTested from Turkey during the 
war of 1912-13) includes the basins of the 
Morava and upper Vardar rivers. It consists of a 
lowland along the Danube, rising on the west 
and south-west to the wild mountains border- 
ing Bosnia, Montenegro, and the new State of 
Albania on the east (where the Danube breaks 
through spurs of the Carpathians at the Iron 
Gate), and on the south-east, where the moun- 
tains arc part of the Balkan and Rhodope system. 

The valleys are generally fertile. Vast bet*ch 
and oak forests feed countless herds of swine. 
In the clearings, sheci) and cattle are kept. The 
agriculture is often primitive, the fertile soil 
producing excellent wheat, tobacco, vine, and 
fruits. Dried and preserved plums are an 
important export. Much plum brandy is also 
distilled. The capital, Belgrade, is finely situated 
on a hill, at the foot of which the Save joins the 
Danube. Uskub and Monastir are important 
towns in the conquered territory. 

Bulgaria. Bulgaria (42,000 sq. miles) rises 
from the southern bank of the Danube to the 
crest of the densely forested Balkans, beyond 
which lie Eastern Rumclia (or Southern Bulgaria) 
and parts of Macedonia and Thrace, formerly 
belonging to Turkey, but annexed by Bulgaria 
at the close of the recent Balkan Wars. 

In the Danube area maize and wheat are 
grown, but south of the Balkans we find the 
products of a hotter region, rice and cotton, as 
well as the vine and the ever-present plum. 
Mulberries and the silkworm are very important. 
In the Maritsa valley, the most fertile j)art 
contains many square miles of rose gardens, from 
which is distilled the famous Oriental perfume, 
attar of roses. Bulgaria is on the way to 
prosperity, and roads and railways arc fairly 
well developed. Sofia, the capital, is a modem 
erty in a mountain-girt plain, commanding the 
Isker route. Philippopolis, built on isolated heights 
in a wide plain, is the second city. The ports are 
Ruschuk, on the Danube ; Varna, on the Black 
Sea; and Dedougatch, on the ^gean. 

TurHejrin Europe. As a result of the war 
with the^ ^Ikan League (Bulgaria, Servia, 
Greece, aini Montenegro) the area of Turkey in 
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Europe has dwindled down from 62,000 sq. miles to 
12,000. All that is left of the former extensive Tur- 
kish possessions in Europe is the part of Thrace 
lying between Constantinople and the Maritza 
River, with a small area to the west of that river. 

Both agriculture and cattle-rearing are back- 
ward, and the peasantry are poor, ignorant, and 
oppressed. The capital is Constantinople, built in 
one of the finest situations in the world, whore 
“ the Sea of Marmora, the Bosphorus, and the 
wide and winding harbour of the Golden Horn 
meet, forming, as it wore, a great lake round which 
the city extends, rising stage by stage along the 
slopes of the hills, minaret and dome lifting them- 
selves one above another against the azure sky.” 
Commanding the entrance to the Black Sea, 
where Europe and Asia all but touch, this is one 
of the finest strategic points in the world. 
Another key to the Black Sea and the lands 
beyond is Gallipoli, on the Dardanelles. 

Adrianojjle, which was captured by the 
Bulgarians in 1913, and reoccupied by the Turks 
when war broke out between Bulgaria and her 
former allies, lies on the Maritza River, and is on 
the main route from Central Europe to 
Constantinople. 

Greece. Greece, as a result of the Balkan 
war of 1913, has increased in area from 25,000 sq. 
miles to about 43,000, with a population of 
five millions. It consists of the southern and 
deeply indented portion of the peninsula, with 
many adjacent islands, is a land of mountains 
and small, isolated mountain-girt plains. Tho 
annexed territory includes Epirus, tho greater 
part of Macedonia, and several largo islands 
in the yEgean Sea. 

The climate is typically Mediterranean, and 
irrigation is necessary in tho drier parts. AH 
Mediterranean plants are grown, but the chief 
export is tho currant, a small dried grape. The 
sponge fisheries of tho ^Egean Sea are important. 
Tho capital is Athens, built much like Edinburgh, 
round a height between tho mountains and the) 
sea, with Pirieus as its Leith. From Corinth a 
shii> canal has been cut across tho narrow 
isthmus of the same name between tho mainland 
and tho mulborry-leaf-shaped peninsula of the 
Morea. Patras exports currants. Salonika is a 
large and important port in tho new te^rito^ 5 ^ 

Off the west coast are the Ionian Islands, all 
mountainous, with fertile valleys. Corfu is tho 
most important. The islands of the iEgcan arc 
less fertile, and produce little but wine. Syra 
(Hermopolis), on a small island of the same name, 
is the centre of the ^Egean trade. Crete was 
proclaimed part of the kingdom of Greece in 1912. 

Albania. Albania (12,000 sq. miles, popu- 
lation about two millions) is a new, independent 
State, created by the Conference of London at 
tho close of tho Balkan War of 1912-13. It lier* 
on the west of the peninsula, and its boundaries 
march with those of Montenegro, Servia, and 
Greece. The country is mountainous and rugged 
in the interior, and swamper and unheeuthy 
towards the coast. Olives, ,hides, and wool are 
exported. The chief towns are Scuta^, DiiirAzzo, 
and Avlona. 
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THE LANDSCAPE PAINTERS 


all tho arts, that of landisoapc painting is tht'* 
most modern. It Ix'longs, more than any 
other, to our own time, though its beginnings can 
bo traced back to tho days when ( Jiotto delivered 
tho art of painting from Byzantino formalism, 
which had no eyes for tho ’beauties of Nature. 
Indeed, the replacing of the flat gold back- 
grounds of Byzantine art by tho naive landscape 
setting of Giotto and liis followers is the first 
link in that long chain of evolution which leads to 
tho discovery of atmosphere and sunlight by 
Gonstable, Turm^r, and tho Impressionists. 
The Giottosques, and all the Italians, even 
Perugino and Kapha<il, and in tho North the Van 
Eycks, Mornline, and all tho other Primitives, 
never painted landscape for its own sake. In 
their pictures it is always entirely subordinate 
to tho figures, and used cither to fill an empty 
space in a pleasing manner or to enhance and 
accentuate the sentiment expressed by tho 
hgures for which it forms a background. 

The First Painter of Landscape. 

Landscape, painted for sheer love of Nature, and 
for its own sake, did not appear before the 
seventeenth century, though a near approach to it 
was made by tho Venetians Giorgione and Titian, 
and in tho North, at an even earlier p(*riod, by 
J. Patinir (a.d. 1400-1550). ^rhe beautiful scenes 
from tho Cadore country, which form the back- 
ground of many of Titian’s pi<;tures, speak at 
least of his love for the picturesque district in 
which he was born and had passed his childhood, 
and there is at the Pitti Palace at least one draw- 
ing from hiB pen in which the fine scene in the 
( Cadore is rendered for its own sake, without tho 
addition of figures. Patinir took an obvious 
delight in tho careful objective rendering of land- 
scape, to which tlio figures that enact the seem^s 
of siicred history are more acces ories ; but his 
view, like that of “ Velvet ” Breughel (a.d. 
1569-1625), who devoted himself to fantastic 
scenes of Paradise, with minutely executed 
flowers and animals, was purely objectiv^e — that 
is to say, impemonal and unemotional, and his 
colour limited to a conventional scheme. 

The Classical Landscape. Nicolas 
Poussin, Rubens, and Claude^ Lorrain were the 
first real landscape paint(^rs, though one of 
them, Rubens, touched upon landscape only 
passingly, to show, as it were, that his genius 
could cope with every problem that came within 
the painter’s field. The few landscapes he has 
loft us have the same verve and vigorous, swinging 
brush work as his figure subjects and great com- 
positions, and range from tht? heroic and dra- 
m,atio to the simple and rural. Nicolas Poussin 
had grown up in the classic atmosphere, and 
was steeped in the study of the antique and tho 


Italian masters. At tho same time he was a 
close observer of tree and cloud forms, the mas- 
tery of which enabled him to rearrange and com- 
biner thorn into formal compositions of arcadian 
scenes, in which iigures and setting wore at least 
co-ordinate in importance. He never rose above 
a convention which was the very negation of 
naturalism, and used Nature only as a source 
whence ho drew tho motifs for his pictorial in- 
ventions. His colour was as cold and formal as 
his design. He was tho father of the classical 
or heroic landscape. 

The Discoverer of Sunlight. With 
niaudo LoiTain (a.d. 1600-1682) figures ceased 
to be of any importance, and sunlight with its 
varying eflocts first becarao tho real subject 
of tho picture. Ihougli t^ven Lorrain did not 
considcT Nature unadorned to bo worthy of 
pictorial representation, and continued, like 
Ids precui-sors Nicolas and Gaspard Poussin, 
to weave its details into well-ordered com- 
binations, from which classic ruins, temples, 
and columns wim’c never allowed to be absent. 

But with him trees and clouds and winding 
rivers ceased to bo more forms convention- 
ally coloured. He noted the play of light 
and shade on these objecte, and expressed in 
masterly fashion the different times of tho day — 
the glow of sunset and tho restful coolness of 
early morning. About two centuries later, his 
noble compositions wore to become the starting- 
point for thc5 gre^atest mivstor of modern lands(^api^ 
— ^for Turner. Equally subjective in his view 
of Nature was Lorrain’s Italian contemporary, 
Salvator Rosa, who depicted the romantic and 
turbulent aspect of landscape in the rugged 
ravines and wind-tossed troths tliat form the 
background for his scenes of strife. 

Dutch Temperament. It was left to 
the seventeenth century Dutchmen, Ru 3 ^dael, 
Hobbema, and Cuyp, to establish the claims of 
landscape as a genre independent of figure 
painting. Whilst Ruysdael, in following the 
successful Allaert von Everdingen, sought for 
the picturesque in Nature, and found it in tho 
wild rocks and soothing mountain streams and 
waterfalls of a country ho probably knew only 
through the work of his popular contemporary, 
Hobbema was tho sympathetic painter of liis 
own country, which he rendered with intimate 
simplicity, setting down things as he found 
them, in all their quiet homeliness. But neither 
Ruysdael, nor Hobbema, nor even the great 
Rembrandt, who brought tlio whole pas^iionate 
intensity of his temperament into his landscapes, 
could realise entirely the colour of Nature and 
free their palette of tho browns demanded by a 
time-honoured convention for the painting of 


DRAWING, PAINTING, SCULPTURE ARCHITECTURE, PHOTOGRAPHY, APPLIED ARTS 

*■ 1875 



GROUP 3-ART 



THE POND, BY COROT 


foliago. Like all Dutch landscape painters, 
Reysdael and Hobbema excelled in the rendering 
ct’ cloudy skies, and the latter in the subtk? char- 
acterisation of varied foliage. Ouyp (a.d. 1600- 
1672) and Paul Potter (a.d. 1625-1654) remain 
unequalled to this day as paintei’s of cattle, and 
must be mentioned here, because both of them, 
and particularly the former, conceived the 
animals as part and parcel of the landtlcapo in 
which they live. and which they help to complete. 

The Dutch Seascape Painters. Finally, 
there are the seascape painters, Van de Capello, 
Simon de Vlicger, and Van de Velde, all of 
whom appear more interested in the nautical 
life of tho invariably quiet waters than in the 
moods of the elements by which the modern 
painter of the sea is generally fascinated. Tho real 
subject of the early Dutch 
marine painters is thus not the 
sea, but tho varied forms of 
shipping — fishing rlcets, sea- 
fights, the embarking or land- 
ing of an army, sailing craft of 
(5 very description — in short, 
t ho life of tho sea. The French- 
man Joseph Vernot( a.d. 1714- 
1789), though, on tho whole, 

Hj^ill adliering to tho idealistic 
and classicist tradition, was 
attracted by tho stormy, tur- 
bulent aspect of the sea, but 
there is no terror and passion 
in his storms. The discovery 
of the moods of Nature was 
left to the more nervous 
idodern temperaments. 

Watteau. Before wo 
turn to England wo must 
mention Watteau, who, in 
hfe perfect balance of figui*es 
and landscape, in his retider- 
ing of soft atmospheric effects, 
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came very near the modem 
spirit. Tho curiou-s point about 
his art is that he gavo a con- 
vincing ah of reality to scone.-, 
which only had existence in hi* 
own imagination. 

Richard Wilson* Land- 
scape paintiiig in England, in 
the early part of the oighteentfi 
century, followed two direc- 
tions, one of which aimed at 
dry, topographic corroctne.s,s, 
and is best represented by 
Samuel Scott, a talented imi- 
tator of CanalettD, the other 
at Italianised classicism. Of 
this dirtxdion, Richard W^ilson 
(A.D. 1713-1782) is the chief 
disciple. At his best Wilson i.'* 
a worthy rival of Claude 
Lorrain, whose intentions and 
idt^als he had made his own. 
Thomas Gainsborough is a 
kind of halfway house be- 
tween the old stylo and tlu^ 
new vision which was to bo 
introduced by (\>nstabli\ His colouring, based on 
a pleasing scheme of brown, grey, and gold, is 
still arbitrary and conventional, but his setmef. 
are no longer composed according to established 
rules. His are in more intimate communion Avith 
Nature ; he is attracted by tho peaceful charm of 
tho English countryside, which needs no classic 
ruins for its appeal. At the same time his land- 
scapes have t-lill a trace of the artificiality of 
tho period, and lack that fragrance of tho soil 
which breathes from C-onstable’s canvases. 

The Norwich School. An important 
school flourished towards tlio end of tlic rughteenih 
century at Norwich under the leadership of John 
Crome, better known as “Old Cromc ” (a.d. 
1769-1821), who has, not without good reason, 
been called tho English Ruysdael. He and hi i 
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followflrs, among whom 
Ladbroko, Stark, and Vin- 
cent are the most im- 
ortant, show strong 
inship with the Dutch 
landscape school. The 
same influence can be 
noticed in the seascapes of 
John Cotman, another 
prominent member of tlio 
Norwich school. All those 
painters went to Natun^ 
for their subjects, but to 
the old masters for their 
colouring. It was the mis- 
sion of John Constable 
(a.d. 177(5-1837) to dis- 
cover tlwi juicy green of 
meadow and wood, tlio 
movement of the foliage 
in the gentle breeze, and 
the groaning of the heavy 
bough in the storm. With 
him the tree ceased to \x'. 
mere form — h(‘ covered 
the stem with trembling 
and sparkling foliage : and the sky was no longer 
a mere grey background, but a dome of atmo- 
sphero spanned over fields and gardens and 
woods. Constable’s instinct for balancing the 
masses of liglit and shade, and the “ full ’ and 
“ empty ” spaces, was such that he could set 
aside all the hard and fast rules of academic 
composition. TTis ardent love of Natures and 
of the Ehglish countryside is expresstd in all 
his work. French artists and critics immedi- 
ately recognised that h(‘ had opened a m^w 
])age in the book of art, and hailed in him 
a master worthy of emulation. 

The Barbixon School. Perhaps it was 
Constable's love of Nature, simple, and devoid 
of all artificiality, that, about 1830, induced a 
group of French artists to deolan* war upon the 
generally prevailing classicism, and to settle 


down in the little village of Barbi/.on, in the 
For(‘st of Fontainebleau, in order to live in 
close communion with Nature, and to prove to 
the world that in landscafK? the picturesqueness 
of the subject counts for nothing, that a laud- 
.scape need be neither classical, nor heroic, nor 
romantic, as long as thir artist can grasp the 
s])irit and the p(M»try of Nature, and express in 
])aint the emotions aVoiised in him by its contem- 
plation. “ Truth is beauty, and beauty is 
truth was the walelnvord of this group, whoso 
leader was Theodore Rousseau (a d. 1812-18(57), 
Troyon, Dupre, tlaeque, Daubigny, ami Diaz 
being among tlie other })rominent mcmlmrs ; 
while (V)rot and Millet are so closely affiliated 
to the Rarbizon sebool that they are gtmerally 
counted as belonging to it. Corot .strikes the 
most lyi’ieal note of all painters. He is the poet 
of the twilight, dreamy 
and musioal, and more 
occupied with the essence 
and fragrance of Nature 
than w'ith solid matter. 

Rousseau is far more 
impersonal, a searching 
student of form and 
structure, while Diaz 
connect.s the Barbizdli 
men with the Roman- 
t i c i 8 1 s . Troyon and 
Jaeque are noted for 
their magnificent paint- 
ing of cattle and sheep, 
and Millet is the painter 
of the life of the fields, 
the ceaseless toil of the 
peasant in his grim 
struggle with the soil 
that is to yield him the 
sustenance of life, “The 
Sower” and “The Glean- 
ers” are fine examples. 
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Ho is a notable inslanoe of that new beauty (as 
opposed to the classic beauty) that is to be found 
in passionate truthfulness to Nature — the beauty 
of character expressed by s)mithetic simplification. 

Turner and the Sun. Just as the aims 
of the Barbizon men had been foreshadowed by 
Constable, so Turner discovered and turned to 
account the theories that were to be systematised 
subsequently by tho French Impressionists. In 
his early work he favoured the heroic land- 
scape ; but, in his x’owcr of rendering sunlight, 
he is already at this early period immeasurably 
ahead of Claude Lorrain, his artistic progenitor, 
as may le gathered from a comj)arison of 
Turner’s “ Dido Building Carthage ” and 
(Maude's “Embarkation of the Queen of Sheba,” 
which are hung side by side al; the National 
Gallery. But if Turner 
recognised tho actual 
uppearance of objects 
bathed in light and 
atmosphere, the softiin- 
ing of the outlines, the 
vibration of tho light, ho 
did not apply his know- 
ledge to the service of 
realism, of landscape 
“portraiture,” as prac- 
tised later by Claude 
lionet. He was an 
exalted idealist, a vis- 
ionary! who knew how to 
clothe the glorious in- 
ventions of his imagi- 
nation in real golden 
sunlight. Characteristic 
of his attitude is the 
answer he gave to one 
W’hu remarked that, ho 
had never seen such 
colours in Nature as 
appeared in one of his 
(»wn jiicturcs; “Don’t 
you wish you could see 
them ? ” The turning 
point in tho master’s 
art was his visit to Italy, 
and particularly to 
Venice. Tho wonderful 
atmospheric effects of the lagoon city left an 
indelible impression on his mind. Henceforth 
the ai‘tual view, the objects of the landscape, 
tecame quite secondary. The transparency 
and vibration of the atmosphere, the glory 
of sunlight, became the real motif of his 
I>icturc8. 

What Impressionism Is. What Turner 
had achieved, as it were, instinctively, through 
sheer force of his genius — that is, the analysis 
of light — was put into what might be called a 
slicntific theory by tho French Impressionista, 
who, in trying to render in paint the full glitter 
and brilliancy of open-air sunlight, turned to 
account the results of tho scientific research of 
Helmholtz and Chevroiil and the revelations of 
spectral analysis. Tho full explanation of the 
thooiy of the decomposition of light into its 

IS78 


constituents of coloured rays belongs to the 
sphere of optics. Here it is sufficient to explain 
that the technical reform of Impressionism — for 
the term embraces other reforms as well — con- 
sists of the employment of the primary colours 
only, which are used in alternate touches and 
in the right quantities, so that at a certain 
distance they blend and produce tho desired 
effects. Thus, it is well known that green 
consists of a mixture of blue and yellow. If, 
instead of being mixed on the palette, these 
colours are applied in alternate touches, the 
effect ui>on the oyo will be a green tone, but 
a green of far more vibration and greater 
luminosity than mere green paint. The Im- 
pressionist theory has frequently been carried 
to absurd extremes ; but, in the hands of 
a master like Claude 
Moi^et, has yielded 
results that could not 
have been achieved by 
any other method. Of 
him it may truly 
said that light is the 
one and only subject 
of his pictures, and 
nobody has ever come 
nearer to perfect truth 
in depicting the glitter 
and sparkle of sun- 
light. 

Japanese In- 
fluences. To-day 
every country can lx)a8t 
of a large number of 
landscape painters 
whoso work will live 
through the ages, but 
nothing new has boon 
added to the history 
of tho dcvolojjment of 
landscape art since the 
advent of Imi3res- 
sionism. Perhaps tho 
next move will be in the 
direetion of a more com- 
plete acceptance of tho 
Japanese ideal, ■which 
ha^ ahoady exercised a 
certain amount of influence, notably on the work 
of Whistler. This Japanese ideal is the realisa- 
tion by art of the universal soul or spirit which 
underlies the non-pormanent, temporary, and 
therefore unreal forms of matter. The end is 
achieved by a very broad but exquisitely beautiful 
and decorative generalisation, which discards all 
that is not really essential to convoy tho idea 
intended by tho artist. The attitude of the 
Japanese artist is pretty nearly reflected by 
Whistler’s reply in a famous law case, when he 
was asked whether a picture of his produced in 
Court was a correct representation of Battersea 
Bridge — “ I did not intend it to be a correct . 
portrait of the bridge ; as to what the picture* 
represents, that depends upon who looks at it. 
To some persons it may represent all that was 
intended, To others ^ may repres^t nothin^,'* 
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Shape and Functions of the Spinal Cord. The Size and Weight 
of the Brain. Its Appearance, Development, and Functions. 

THE SPINAL CORD AND THE BRAIN 


W E now approach the rtiOHt difficult part of 
physiology — that bordtu-land when it 
touches psychology, when body and soul and 
matter and mind meet ; for the central nervous 
system, composed of brain and spinal cord, is the 
exquisite instrument that enables impulses of 
mind to be translated into movements of matter, 
just as a piano or organ materialises the musician’s 
dreams into sounds of harmony. These centres, 
acted on by the mind and will, constitute the 
tuiginc, or driving pow(‘r, of the whole body ; and 
the nerves just described are the coiineeting 
wires between those*, batteries of force and the* 
machinery to be moved in the body. 

The Spinal Cord. We will begin with the 
spinal cord, because it is the most ancient nerve- 
structure in the body, and the brain has beefl 
devc‘loped from it. It will b<5 seen in the section 
on Biology how far the spinal cord carries us 
back, when'Hs the bruin proper is of much mon*. 
recent origin. According to our custom so far, 
we begin with tlu* structure, and then proceed to 
the functions of the nervous system. 

The spinal cord is a flattimed cylindrical band 
of soft material, eighteen inches Jong ; it is nearly 
one inch in diameter, and weighs about an ounce. 
It is somewhat oval in shape, and on section 
is grey insjdc and white out. The cord is partly 
divided into rigid, and left halves. All along it 
pairs of nerves are given off right and left, both in 
front and behind ; and these* pass out into the 
body between the vertebra* ; while at the end 
the cord itself divides u]) into a bunch of white 
nerves called the cauda eguina\ because it is like 
a horse’s tail. 

Its Composition. The cord is really a 
tube, there, being a small hole, or foramen, in the 
centre, running from end to end, liiu'd with many 
ciliated e])ithelia. This tube i i surrounded 
first by grey matter, then by white, and then 
by the membranes of the cord. These mem- 
branes are three in number, of the same nanu? and 
similar in structure to those covering the hrain ; 
they will be fully described later on. The grey 
matter in the middle (seen on section) is some- 
what in the shape of a butterfly with outstretched 
wings [77 j. It consists of nerve cells and naked 
axis cylinders, and is rather pink, because four 
times as much blood circulates in it as in the 
white matter. The white matter of the cord 
consists of medullated nerves, blood-vessels, etc., 
all embedded in neuroglia (a close network of 
fibres). Grey matter consists of four-fifths, and 
white' matter three-fifths, of water. 

Ita Work. The white matter gets less and 
less, from above downwards, as the nerves com- 
posing it become fewer, while the grey matter 
suddenly enlarges at the spots where the nerves 
of the arms and logs are given off, there being 


here a large increase of nerve cells owing to the 
great activity in the cord at these points. Only 
about half the spinal n(‘rves that enter the cord 
])as8 into the brain, a large number terminating 
in the grey matter. 

The spinal nerves come off in 36 pairs between 
the vertebra*, leaving the cord on each side 
by two roots, antei’ior and po.sterior. The 
anterior ]>ass out into si^V’^eral bundles from the 
front of th(‘ gr(*y matt(‘r of the cord, and arc 
efferent, or motor, as is proved by the fact that all 
motion ccjtscs in the part they supply when they 
an* cut, while sensation jiersists. T^he posterior 
roots come off from th(* back of the grey matter 
in one large trunk, ami shortly after they leave 
the cord, and before tiny join the anterior, they 
pass through a ganglion, or a sw(*lling, composed 
of nervc! (u'lls on the trunk [76]. These an* 
afferent, or j^enwrg, in (character, .as is proved by 
tlu* part they supply losing all fi‘eling when they 
are ciit, while it still retains its powers of motion. 
The function of the ganglia has been explained 
in the section on X(*rves to be that of nutrition. 

Course of the Nerves. The course of 
the nerves in the cord is threefold : 

The afferent or sensory iu‘rves, entering at 
the back, ascend to the brain along the posterior 
and lateral segments of the cord. 

The (afferent or motor nerves, leaving at the 
front, descend from the biain along the anterior 
.and lateral columns. 

The* third class, those terminating or originat- 
ing in the cord, constitute, as wo have said, 
nearly half the entire mass. 

Onc5 point should be noted,* and that is that 
both motor and sensory fibres cross to the oppo- 
site sides — the motor fibres at the top, just before 
thc*y (‘ntf»r the cord, and the sensory af the levt'l 
with the cord, where they join after passing 
through the ganglia. 

The centres of nutriment for the motor nerve’s 
are in the brain proper— any degeneration in 
them extends downwards ; whereas, as we have 
seen, the nutritive centres for thc^ stuisory nerves 
are in t he ganglia, or the posti*rior roots, and any 
degeneration in them extends upwards. 

Three Functions of the Spinal Cord. 
1 . (Conduction. The spinal cord is largely made 
up of fibres that conduct impressions or impulses 
either of sensation up the cord to the brain by 
the posterior part, or of motion from the brain 
down the cord by the anterior part. The sensory 
nerves cross over to the opposite side of the cord 
as soon as they enter it; the motor fibres do so 
before they leave the brain in the medulla 
oblongata ; so that the right half of the cord 
contains the motor fibres of the right half of the 
body, and the sensory fibres of the left half, and 
vice versa. 
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2. Keflex Sensation. A good instance of 
this is when disease of the hip occurs, and the 
sensation of pain is felt in the knee. The sensory . 
nerves of the hip and knee both run to the Same 
part of the cord, and the sensation from one part 
is reflected to another. 

3. Keflex Action. This is like that of the 
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inediilla, an action quite outside consciousness, 
and the necessary result of a certain irritation. 

Movements may even have a definite purpose, 
like the beating of the heart or breathing, and yet 
be reflex, and without any exorcise of conscious 
mind. Purl^ose in r<‘flox action does not so 
much show the intollig('nce of the creature as of 
the Creator. One of the beat instances of r(*flex 
action in the spinal cord is the knee-jerk, 'when 
one leg is crossed over the other, and allowed to 
hang loosely down. If the knee be struck below 
the knee-cap with the edge of the hand, the leg is at 
once kicked out,4fiot only without the wish of the 
])erson, but even against it, so that the strongest 
will cannot prevemt this reflex action from 
taking place. That this action is ])roduced by 
the spinal cord is clearly proved, because if it bo 
diseast^d at a certain part the leg no longer 
moves, however \ iolently the knee be struck. 

The Size and Weight of the Brain. We 
now turn to consider the brain, which forms in 
adults /^th part of the w'oight of the body (in 
babies -j^th) ; in elcj)hants it is 75 Joth, and in 
whales 3^jjth part. The weight of the average 
male brain is found to be about 49 J oz. An 
idiot’s brain may weigh as little as 16 "oz., while 
a scientitic man’s (Cuvier’s) may weigh 64 oz. 
Weight of brain does not, however, always mean 
great intellect, for a washerwoman’s healthy 
brain has w'eighed as much. At three years old 
the tamin is l^th of its full size ; at twelve, ^(jth ; 
at fourteen it. reaches it, though the development 
of functions may go on to forty. After forty the 
brain loses about an ounce in weight every ten 
years. The brains of women are about 5 oz. 
lighter than those of men, mainly because the 
whole body is gcnernlly smaller. The brain of 
the larger apes weighs under 1 lb. 

The Rhythmic Movement of the Brain. 
The first thil% to be observed, if 'part of the 
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skull-cap could be removed during life, w that 
the brain inside is continually moving. It throbs, 
like a heart. If we put a finger on the mem- 
brane, or watch it and count the beats, we find 
they are just the same as the pulse. This move- 
ment of the whole brain is very remarkable. Wo 
do not feel it ourselves, unless it bo very exces- 
sive, and then we say the brain throbs, or seems 
too large for the head. This throbbing is caused 
by the numerous blood-vessels that run every- 
where in the soft, yielding cerebral substance ; 
and as all these arteries beat -with the heart, they 
move the whole brain up and down in rhythm. 

Turning from the brain to the inside of the 
skull-cap, wo observe many channels and de- 
pressions grooved deeply in it, for the larger 
veins on the surface of the brain to run in. The 
brain itself cannot as yet be soon, as it has no 
less than three membranes, or coverings, over it, 
and the outer one is very thick and opaque. 
It is called the Dura Mater. 

The Outside Covering The Dura Mater 
(or Hard Mother) is so called because it is a 
rough, hard, and unyielding covering of the 
brain. Its outer surface is very rough, and 
adheres closely to the bones of the cranium, of 
which it forms the periosteum (bony tissue), 
while at the margin of the great hole for the 
spinal cord in the occipital bone it is continued 
downwards to form th(' outer covering of the 
cord, being, howev'cr, only loosely attached to 
the vertebra*. Its inner surface is smooth and 
glistening. It is made of a similar material to 
the white of the eye. It forms also the outer 
sheathing of the various nerves Biat pass out 
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of the brain, and inside the skull the layers 
separate and form fibrous tubes, which are used 
as veins for the return of blood from the brain. 
The arteries that run on its surface are very 
numerous, and all help to supply the brain. The 
Dura Mater sends a strong arch^ division down, 
like a sickle, between the two halves of both the 




greater and lesser brains, stretching from before 
backwards ; and also a horizontal layer between 
the lesser brain below and the greater brain above . 

The Middle Covering. The Arachnoid 
(or Spider) membrane is so called from its deli- 
cate structure, resembling a spider’s web. It is a 
closed and empty bag, consisting of two layers, 
and the brain is folded up in it. The outer layer 
rests against the Dura Mater, and the inner one 
against the third membrane of the brain. At the 
base of the brain a good deal of fluid often collects 
i.i the cavity, and thus forms part of the “ water- 
bed ” on which the brain rests. The main bulk of 
the fluid lies, however, between the Arachnoid and 
the inne.rmost membrane, in the sf)ace betwecui 
the tAvo. This fluid is AA^atery, slightly saltish 
in taste, and is called cerebro- spinal fluid ; it is 
very like lymph, and is the drainage of the brain. 

The Inside Covering. The Pia Mater 
(or Pious Mother), the innermost membrane of 
the bAin, is so called because it takes .such 
excellent care of the valuable organ — tho 
brain — within it. It is a single layer of A'^ory 
fine membrane, liolding together a perfect 
ineshwork of blood-vessels tliat spread in all 
directions over the surface of the brain. It dii)8 
down between all the convolutions, and adheres 
closely to tho brain substane(^ beneath, though 
quite loosely to the Arachnoid above. 

The Rrain. When these Ihree inembran<‘S 
are stripped off, the cerebrum, or brain, is seen 
beneath as a soft mass nearly .3 lb. in Aveight 
[79]. If Ave carefully take the brain out of 
its bony cj»sc, and examine* it minutely, Av^e 
notice at once certain features. In the first 
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place, there are two brains— tho larger one, the 
cer((l|brum, in front and above ; and the little one, 
the oerebellum, below and behind — the one as big 
as a melon, the other the $^e of a small orange. 
A girl’s head with part of heir hair done in a small 
knob behind very much resembles these two brains. 
The cerebrum is divided by a cleft down the 
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middle into two halves — right and left. The two 
halves appear exactly alike, and are joined to- 
gether by a broad band of white matter about the 
centre of the cleft, called the Corpus Callosum. 

Wo next observe that the large brain may 
roughly be divided into three regions, or 'iHirts. 
The upper part, Avhich includes all the surface 
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of the brain, or cortex, is a mass of convolutions 
looking just like a number of snakes twisted 
together. BetAveen the folds of these convolu- 
tions the Pia jMater dips down, carrying tho 
blood-vessels. These folds are A’ery intricate, 
and run in all directions. If tb(‘ .surface of tho 
brain Avere flat, it Avould not be a {|uartcr of tho 
extent it is Avbcn folded up in Convolutions. The 
folds not only enormon.sly ima'ease the super- 
ficiial area, but are probably eonneeted clo,s{ily 
with mind -power, for, tho cleverer a man, the 
deeper anti more numerous they seem to bo. In a 
child they ar(i eomparativoly few and .^ludlow, 
but rapidly increase Avith age an<l education. 

The mid brain is (piito dilTercnt. It includes 
all the cent I ^d part and under .surface of the 
cerebrum, and consists of mas.sos of nerve 
substance —t VO in front, (tailed the Corpora 
Striata, and two behind, the Ofttic Thakimi. 

The lower brain is called the Medulla Oblongata 
(or oblong marroA\), and connects the large 
brain Avith the smaller brain, or cerebellum, 
behind and the spinal cord beloA\. It also is 
partly divided in two, and contains a long, 
hollo Av .space (the fourth ventricle), and several 
small masses of nerve-matter the size of peas. 

Thc?ro are also several other ventricles, or 
empty chambers, in the brain — one being as 
much as 4 in. |png — Avith channels leading from 
one to another. 

What the Brain Looks Like. If now, Avith 
a largo, sharp knife, a horizontal slice is taken 
completely off the .cortex, w'c get a very good 
vicAV of the wavy external border of grey sub- 
stance following the outlines of the convolutions, 
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and looking just like the shaded margin that 
used to indicate the coast-line in all old maps. 

The Empty Spaces in the Brain. If a 

second horizontal slice be cut right down to the 
connecting band of white fibres, we get a still 
better view. The whole of the brain so far is 
quite solid and soft, like the curd of milk, white 
inside, and grey round the edges. The next slice 
will cut through the roofs of two of the five 
caverns, or ventricles^ of the brain whicli have 
long extremities like horns, and lie on each 
side of the connecting band and in the centre of 
each hemisphere. Tlieir peculiar shape and the 
rouncUxl masses rising inside tlunn are very 
curious, and their use is not fully known. The 
other throe ventricles are in the bcase of the brain 
and medulla, and arc very small. Beneath the 
two lateral venlri(;les we reach the mid brain and 
the four large masses of nerve matter, two — the 
(-orpora Striata — connected with motion, and 
two— the Optic Thalami — with sensation. Be- 
hind these, again, are four little bodies — the 
rorjMra quadrigemina — like four white pea;\ 
where the nerves of sight terminate. 

The Lower Brain. Perhaps wc may get 
a clearer grasp of the divisions of the brain if 
we follow them upwards from the spinal cord. 
When the cord reaches the brain it spreads out 
and flattens and divides from the back so as to 
be spread open like a split herring : this is the 
medulla, or lower brain, underneath (81J. 
Across the front is a broad band of fibres known 
as the pons, or bridge, which, passing upw ards 
on each side, is connected with the little brain, or 
cerebellum, wdiich rests on the medulla above. 
Beyond this bridge of fibres the medulla divides 
into tw'O great pillars — the crura cerebri — which 
pass up to the mid brain, each forming therein 
the two masses of grey, nervous matter we have 
scon — the Corpus Striatum in front, and the 
Optic Thalamus behind. PVom these niaKses 
two bands of fibres pass upwards and are folded 
backw'ards, right over the mid brain, forming 
eventually the two cerebral hemispheres and all 
the convolutions of the cortex in the upper brain. 

The Five Lobes. There are five lobes in 
each half of the cortex — the frontal in front ; the 
parietal, or middle lobe, separated from the 
former by the groat fissure of Rolando ; then 
the tempi>ral, at ihe side, also separated from the 
first by the fiss^ire of Sylvius. The occipital is 
behind, and is separated by the parkkhoccipital 
fissure. In the centre is the fifth lobe, known as 
the Island of Rheil. 

About 2 in. down between the hemispheres, or 
slightly separating them, can be seen the broad 
white band of fibres that connects one side with 
the other {Corpus Callosum). We will now look 
at these throe divisions and the cerebellum a 
little more closely. If the convolutions of the 
cerebrum be examined in the upper brain, or 
cortex, they w’ill be seen to liave a grey appear- 
ance, and, if cut, it will be seen that there 
are several very thin layers of grey and white 
matter alternately for about ^ in., and then the 
iuside of the convolutions and the whole cere- 
brum are pure white. The depressions between 
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the convolutions are about an inch in depth. 
Although the exact shape of the convolutions 
varies in each individual, just like the features 
in the face, yet there is always a general plan 
followed, so that the leading elevations and 
depressions have all received special names. 

Organa of Smell and. Sight. At the 
base of the brain and in front wo see em- 
bedded in the under side of the hemispheres of 
the cerebrum the two nerves of smell (olfactory 
bulbs) as they proceed forward to the nose [80]. 
They consist of tw o large masses of grey matter 
that receive the impression of odours, and two 
large white nerves that carry the sensation 
to the brain. Further back you see two larger 
nerves crossing each other from right to left, 
and running backw ards into the brain. These are 
the tw’O optic nerves, or nerves of sight. 

The Medulla. The medulla is somewhat 
pyramidal, or conical, in shape, and is not more 
than 1 in. long. It is the upper e^tpanded 
part of .the spinal cord within the brain. 
At the upper part it is crossed by a broad 
band of , fibres known as the pons varolii. The 
cerebellum that rests upon the medulla is about 4 
in. by 2Jiri. and 2 in. thick, and consists of a body 
and three paii-s of bands, or crura, two uj)per ones 
connecting directly with the cerebrum, tw^o 
forming the bridge,, or pons varolii, and two 
eonnocting behind with the medulla direct. 
The surface of the cerebellum is not in convolu- 
tions like the cerebrum, but is in fine vertical 
plates, all l)eing grey outside and w^hite within, 
the arrangement or section being in branches, 
like a tree. 

The Nerves in the Brain. The nerves 
ill the brain have been grouped generally into 
throe great divisions : 

1. Those that connect every part of the 
cortex of tlie hemisphere with the great ganglia 
of the mid brain (corpora striata, optic thalami, 
and the corpora fpiadrigeraina), both motive and 
sensory. 

. 2. Those that connect every part of these 
ganglia with tlie low er brain or medulla, and the 
sjunal cord, both motive and sensory. 

3. The peripheral nerves that leave the 
spinal system and form the nerves proper. 

The grey matter of the bruin is composed 
of a basic substance — neuroglia — and closely 
packed cells of every shape and size, with an 
interlacing network ot naked axis cylinders. 

The w^hite substance is one mass of medullatod 
nerves passing to and fro in all directions. 

How Blood Feeds the Brain. The 
blood supply of the brain is of a special nature. 
The total amount passing through the brain is 
not very great, but five times as much circulates 
in the grey matter as in the white, the former 
being the true centre of metabolism in the nerve 
cells connected with the action of mind. There 
is probably a controlling centre in the brain for 
regulating its own blood supply. If this does 
not act well, any sudden change in the position 
of the head causes dizziness, or vertigo. The 
arteries leading to the brain are exceedingly 
tortuous, thus by mechanical means lessening 
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the force of the heart’s beats and there is a 
circle of arteries at the base of the brain (the 
circle of WiUis) to ensure a free supply to all parts. 
Large lymph spaces exist round the arteries, so 
that when these expand they do not press on 
the brain substance. 

The large veins are not true veins, as they 
contain no muscle fibre, nor valv<Mf», but are open 
channels, called sinuses, formed hy the bone and 
Dura Mater, and can neither be com])ressed nor 
distended. Besides moving with the heart, the 
brain rises and sinks a little m ith respiration. 

We have examined generally the structure 
and leading divisions of the central nervou.s 
system, and will now consider the respective 
functions of the different parts. 

The Cortex. The surface of the hemispheres, 
or cortex, is believed to be in a special way the 
seat of the conscious mind or spirit of man. The 
convolutions represent the extent of his faculties ; 
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the more numerous and deeper they are, the 
more extended arc these. It is probably here, 
too, that memory lays up her stores of know- 
ledge. As actions ari.ung from cortical excitement 
are voluntary and intelligent, and the direct result 
of the conscious mind, nowhere do we find greater 
evidence of the value of education than in this 
region, Tt is mainly composed of brain cells, 
though the nerve fibres are fpiite innumerable. 

The Medulla Oblongata. The lower 
brain, or medulla oblongata, is the centre of the 
passive or inner life of the body. 

The medulla is, of course, largely composed 
of %vhite nerve fibres passing up to the brain, 
but it is also the controlling centre for the most 
important and vital actions of the body. ILiro 
is the centre that controb respiration^ that 
controls the swallcming of food, the powder of 
ihibtication or chewing, the formation of saliva : 
eveiy one of these so far, it will be seen, is 


connected with the supply of food to the body. 
It is also the centre for regulating the action of 
the heart, and the size of the blood-vessels, especially 
of the skin. Under fear or cold it contracts 
them, and we become pale ; under shame or 
heat it expands them, and we blush. It also 
contains centres for regulating the size of the pupil 
of the eye, for taste, and for hearing, and for some 
of the mechanism of speech. Tlie medulla, 
together with the cord, is the centre of what is 
known as pure reflex action. 

Why We Yawn. Nerve currents from 
the lungs and other parts are sent to the medulla 
when the blowl contains too much carbonic acid ; 
the blood itself circulating in the modiilla also 
irritates the respiratory centre so that a reflex 
action occurs and force is transmitted to all 
the muscles concerned, causing a deep inspiration 
to purify the lung. This automatic — or more 
properly reflex— action may easily be proved 
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by experiment. It is called reflex because it is, 
as it were, reflected back again, like a ray of light 
from a mirror. 

Tlie act ion of the medulla is under the control 
of the iinconsi‘ious part of the mind, and it is 
therefore closely connoefed with the sym- 
pathetic system, which acts entirely without 
our knowledge. Of course, the value of this 
sort of action is immense. Were it not for this 
system, lif<^ could not go on, for we could never 
carry on the ])roccs8cs of life as conscious and 
voluntary acts with the regularity and accuracy 
they require. We shall see the great value of 
reflex actions again. 

The Cerebellum. The cerebellum is the 
site of the organ of equilibrium, and enables us 
to stand erect. It thus co-ordinates, or causes 
to act together, certain groups of muscles for this 
purpose, WTien diseased or paralysed, as by 
alcohol, a man can no longer stand upright. 
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Certain parts of the brain are specialised for a 
particular function, and the brain never ads 
together as a whole. The faculty of speech, on 
account of the interest which attaches to it, is a 
very good illustration of this fact. 

The Centre of Speech. The centre of 
speech is situated just above and in front of the 
left ear. It is not on the right side at all. Hero 
is the part that enables us to utter our thoughts, 
and from which jmwer is given to the centres 
for the muscles of the mouth, throat, and 
tongue to formulate ideas into words. A blow* 
here, of sufficient violence, perhaps depressing 
the temporal bone, or a disease of this ])art inside, 
would render a man sj)eechless, whereas the 
same blow' on the right side of the head would 
have no such elTect. 

But a blow* of this force W’ould most likely 
be followed by a further effect. The nerves 
of the body, as they travel to the brain, 
cross over from left to right, and right to left. 
So that the left brain, which is far the more 
developed, rules the right half of the body, 
including the right hand. 

How the Right and Left Halves Differ. 

A blow of sufficient violence to injure the centre 
of speech w'ould probably also j>araly.se the right 
half of the body, including the arm and leg. It- 
is therefore a nile amongst medical men that if 
a man be paralysed down the right side, he is 
probably speechless as well. Whereas, if he 
be paralysed on the left side, his speech is 
uninjured, because then the inj\iry is on the 
right side of the brain. 

But there is a remarkable exception to 
this. Certain people in the Avorld are left- 
handed, That is, all that other people can do 
w'ith their right hand they can do with their 
left. This is not the result of bad training, but 
it is from birth. The reason of the difference is 
that the two sides of the brain are transposed ; 
the left brain is on the right aide, and the right 
brain on the left. One finds, occ.asionally, the heart 

on the wrong side of the body that is, the right- 

hand side — in the same manner. 

Now*, these left-handed people, having their 
brains transposed, speak from the right side of 
the head, not from the left, if a violent blow be 
struck them on the left temple the right side 
of the body may be paralysed, but they will be 
<juite able to speak ; wdicreas a blow* on the 
right temple will not only paralyse the left 
side, as it does generally, but it will also render 
them speechless. There is one more curiotis 
fact as to speech. People wdio have been 
known to have the centre of speech incurably 
diseased or injured on the left side may, after 
some time, slowly regain the powder of speech 
and begin to talk again. It is believed that the 
ri^ht brain is, to a groat extent, held in reserve 
to supplement the left, and that in .such cases the 
right side slowdy and gradually takes over the 
duties the left can no longer perform. 

Natural and Artificial Reflex Action. 

We have already seen instances of natural reflex 
action, and of what importance they are to us. 
So valuable, they, indeed, that during the 
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whole of our lives we are increasing the number 
of such acts ; doing more and more comx^lex 
movements without the aid of consciousness, 
and thus adding to those reflex acts which are 
born in us numbers of others which are artificial 
or acquired. It is probable that, as the lowest 
part of the cerebrum is the principal centre for 
natural reflex action, and the highest part for 
purely intellectual or voluntary or intelligent 
action, so the mid brain is a great seat of actions 
once voluntary, but which have become reflex. 

At first, nearly every action is the result of 
direct will and mental effort. Watch a child 
learning to walk. It is as hard as Icaniing Greek 
is to us ; each step is considered and taken w*ith 
great difficulty. In six months, however, it has 
so become a matter of habit as to be reflex — that 
is, to be conducted outside conscious w*ill action, 
and the cortex is set free from thinking how to 
walk, which absorbed it at first, to consider 
where to walk to, or to direct intelligently this 
ncAv reflex habit. The same occurs with reading 
and writing in early lif(% and every other oft- 
rejieated act. 

At first, all the mind is concentrated on how to 
read and how to write--?^’/?flr/ is read or w ritten is 
of small importance. It is the connecting of 
certain letters with certain sounds, and certain 
sounds with certain shapes, that is at firs-t such 
a stivere mental effort ; and yet so (*a.-y does it 
become by frequent repetition that after some 
time we never think of the separate letters, even 
when wo W'rite them, but writing and reading 
become accpiired reflex habits, the mind being 
wholly absorbed in what is read or w ritten. 

Acquisition of Good and Bad Habits. 

This leads us to another ])oint. A natural reflex 
action c<innot be overcome ; an artificial reflex 
habit can be overcome, but it is very hard. 
Swearing, for instance, soon become an artificial 
reflex habit, and the mind never thinks of it at 
all. An oath comes out at slight jirovocation, 
aud we may not even know* that we have sw*orn. 
To break such a habit is very difficult ; and once 
we have allowed an action to become a reflex 
habit it is one of the harde.st things in the 
w orld to conquer. 

Three Actions of the Brain. The 

actions of the brain are therefore three in 
numlMU’ : 

1. Voluntary and Conscious, always pro- 
ceeding from the cortex, which may be merely 
abstract action of the thought centres or the 
l^urposive physical replies to sensations of light, 
sound, or common feeling. 

2. Acquired or Artificial Reflex acts, 
which are mostly unconscious and connected 
with the mid brain, and largely consist of 
actions purely voluntary which by continual 
repetition have passed out of consciousness, and 
are no longer sent up to the cortex, but are 
short-circuited in the mid brain. 

3. Natural Reflex actions entering outside 
consciousness, and connected with vital physical 
I)roce8se8, and mainly centred in the lower brain, 
or medulla, and the spinal cord. 

A. T. SCHOFIELD 
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Choosing Stock. The Points of a Dairy Cow. Food and 
Feeding. Calf^rearing. Future of the Cattle Industry. 

CATTLE REARING & MANAGEMENT 


D omesticated cattle in the United Kingdom 
are reared with the two special objects of 
milk and beef production. Which of these two 
commodities it will pay the farmer best to provide 
depends very largely on the circumstances in 
which he is placed. 

Environment a Factor in Stock- 
rearing. Questions of soil, climate, sil na- 
tion, marketing facilities, cost of production, 
and the value of the finished article must all be 
taken into consideration in determining what 
course it is best to adopt. In the vicinity of largo 
towns and also in thickly ])opiilated districts — 
as in North Cheshire, South Lancashire, and the 
home counties round London, where the land is 
suitable for dairying — the new-milk trade will 
probably pay belter than anything else. On 
dairy farms in more remote parts of the country, 
especially where there is a largo surplus of 
summer milk, the manufacture of choose, 
although involving extra labour, will generally 
prove the more remunerative. Butter- making 
W'ill answer where there is a good market, but 
the price has inled so low of late years, largely 
owing to competition with Denmark and other 
foreign countries, that many farmers have given 
up the production for some better- paying branch. 

In districts where the conditions are suitable, 
feeding for beef takes the place of dairying ; 
thus, on the rich feeding lands of the English 
Midlands and some other ])a.rts of the country 
the stajdo industry is the grazing of bullocks 
during the summer months when there is a 
flush of grass. On large arable farms it is often 
the custom to feed a number of beasts in stalls 
and yards during the winter with the double 
object of converting the roots and fodder grown 
on the farm into cash in the foim of beef, and, 
at the same time, or treadiiig down the straw 
into manure for use on the holding. 

In other cases, especially in hilly districts, 
stock-rearing with a view to providing for tho 
future wants of tho grazier and the dairyman is 
the chief industry. It w ill thus be seen that the 
British live stock industry is a very varied one, 
involving a number of interests, and anyone 
starting farming will have to consider very 
closely the local conditions before deciding 
which branch it will pay him best to follow. 

The Selection of Stock. In pur- 
chasing and selecting stock in the market for any 
particular purpose tho farmer and dealer gener- 
ally make their choice by the aid of an instinctive 
and, in some cases, a marvellous knowledge, 
handed down to them by their fathers,, of the 
good and bad points of cattle. If asked by the 
uninitiated why one animal is bettor than another, 
or why they know that one animal will feed 


quicker than another, they will often be unable 
to explain ; but the fact remains that the a})pear- 
anee of the animal gives them an intuitive 
impression of its equalities. 

There are indications, how'^cver, as in tho case 
of other , animals, that will give the careful 
observer some idea as to the feeding or milk- 
producing qualities of any particular beast. 
Thus, the poxcer of any animal to make the best 
use of its food in assimilating nourishment for 
the production of fat in a beast intended for 
feeling, or for the manufacture of milk in a 
dairy animal, xvill depend very much on its 
possessing large and healthy digestive and 
respiratory organs. A w ide and deep chest and 
a capacious barrel are, therefore, to be looked on 
as indications of an aniinars ability quickly to 
secrete fat. Tliis ])roperty is also showm by a 
fineness of the bones of the extremities in tho 
head, limbs, and tail, and an animal showing 
coarseness in tliese points should bo passed over. 
Another very important point is the touch ; and 
if a portion of the skin over the ribs on being 
raised between tho thumb and forefinger feo£ 
soft, mellow, and elastic, it is a sure sign of tho 
property of secreting fatty tissue. A hard, inex- 
pansive skin shows a slow' feeder. 

How to Tell Good Feeders. Tho 

following may bo taken as the chief indications 
of the qualities of feeding in cattle. 

Head and Neck. The head .should be fine, 
not coarse ; broad between the eyes ; the face 
moderately short, with tho muzzle broad anrl 
dewy. The horns should be line, varying 
according to breed ; the ears full and sensitive ; 
the eyes clear and mild. The neck should be 
clean, large w'here it joins the shoulders and 
breast, and tajiering to the head. 

Foke Quauteiis. The chest should be wdde 
and dee}), with the breast projecting xvell in 
front of the forclimbs ; the shoulders broad, neat, 
and open, giving a good w idth over tho crops. 

Body. The girtli behind the shoulders should 
be large ; the back and loins straight, wide, and 
flat from chine to rump ; tho ribs well arched 
and deep. 

Hmn Quartehs, The hook bones should be 
well set and nearly on a level w ith the backbone ; 
there should bo a good length from tho hook bone 
to the pin bone, so as to form a long, broad, and 
straight quarter ; tho tail head should bo on a 
level with the back and broad, the tail itself 
tapering toward its extremity ; the twist or 
inner thigh should be full and large. 

Legs. The legs should be short and well 
fleshed to the knee or hock, but below tho bone 
should bo fine and flat, and the hoofs small. 

Skin. When handled, the skin should bo 


EMBRAClNaPARMINfi, LIVE-STOCK, DAIRYING, BEEKEEPING, FORESTRY, GARDENING 

1885 



QROUP 6— AGRICULTURE 

mellow and soft to the touch, and should at the 
same time be covered with soft hair. 

A careful study of the above points will give 
the intending purchaser some information with 
regard to the future feeding properties of a store 
beast; but it must bo rt'rnem bored that it is 
always more difficult to be a judge of store cattle 
than it is of fat ones. The fact that an animal is fat 
and rc*ady to go to tho iDiitehcr is generally apparent 
to the observer, although some skill is required in 
forming a correct judgment as to quality ; but in 
the case of purchasing store beasts one has to judge 
their future capabilities from present aiipoarancos. 

The Choice of a Dairy Cow. Most of 
the foregoing points would also equally apply in 
the case of the selection of a dairy cow, especially 
one required for dual purposes, ; 'Jlie head, however, 
might be s^nnewhat longcsr and tapering towards 
the muzzle ; the width of the chest also is not so 
essential, although it should be of suflicient capacity 
to prevent any tendency to lung disease. The barrel 
and belly should he capacious, so as to allow of a 
large and well-formed digestive system, which is 
essential for tho assimilation of nutriment. Tho 
hind quarters are most important, and a good length 
from hook bone to pin bone is particularly necessary 
to give the length in quarter re<pnred for siip])orting 
a capacious udder. When viewed from ])ehiinl, the 
logs should he well apart, leaving plenty of room for 
a good udder between, and tho cow^ shcmld have a 
gotieral broad apptiarance from this asp(‘rt. 

Tho udder should h<i square and neatly formed ; 
not necessarily very large, but well set on behind, 
and coming well forward, with four good-sized teats 
nicolj^ placed so as to allow pl<‘nty of room for 
milking purposes. Ji should not be too pendulous 
or pointed, should be free from fleshiness, and tho 
skin when handled should he soft to tho touch and 
covered with a network of fine veins. The hair 
should bo silky and not excessive in quantity. 
Well-dovolopod milk veins — that is, the largo veins 
on the under side of the.ahdom(*n which convoy tho 
blood back from tho udder — arc looked upon a.s a 
good indication of powers of milk production. 

A good type of dairy cow should, therefore, bo 
recognised by a soft skin, clear and mild eyes, a 
somewhat narrow and elongated head, and an 
udder of large size, but well placed and of sufficient 
muscular strength to pr<5vent it from being baggy 
or pendent. The milk veins coming from each side 
of the udder should also be well developed. 

Determination of Age. The age of cattle 
can bo told by tho appearance of the horns and 
teeth. Advantage is taken of the changes in the 
incisor teeth in the lower jaw for this purpose, the 
jiermanent teeth as produced being much broader 
in appearance than the milk teeth they replace. 
Thus, just before the ox is two y(*ar.s old, the two 
central permanent incisors make their appearance ; 
at about two and a half years old the next pair, 
or tho “ middles,” come through ; at three years the 
“ laterals ” appear, and at three and a half years 
old the “corner” incisors are through. These iiidi- 
colons will be useful when there is any doubt as to 
tlib ago of an animal. It must be remembered, 
however, that in wcll-bro<i cattle the development 
of the teeth is earlier than in inferior animals. 
Again, as the age- increases the teeth become worn, 
and continue to shorten, and apparently to separate 
from each other ; this fact is a further guide. 

As regards tho horns, a small but distinct ring is 
formed at tho base at three years old, when a heifer 
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generally produces her first calf. . A similar ring is 
then formed each succeeding year until the animal 
is ton years old, when the circles get rather confused. 
Unscrupulous dealers will sometimes obliterate tho 
marks on the horns, but taking tho number of nicks 
on the horns and the appearance of the teeth 
toother, there should bo little difficulty in deter- 
mining tho ago of an animal. 

Breeding. In the ordinary' management of 
domesticated cattle the milking period begins with 
calving, after which the yi(^ld of milk rises slightly 
for a few weeks, and then falls off gradually till tho 
cow is dry. In Nature, .spring is the time of the 
year for young animals to be born, when there is 
every prospect of an ample supply of food for mother 
and offspring during tno ctmiing growing period. 
This is still followed in a good many districts, 
esiwcially on cheese -making farms where a large 
flow of milk is required for tho summer, and also 
in the case of many of the beef breeds. On milk- 
selling farms, however, whore a sup]>ly of milk has 
to ho maintained all the year round, arrangements 
have to be made for this j)urpose, and it is found 
necessary to calve cows in the late summer and 
early autumn to provide for the winter dairy. 

We must remember that tho power of production 
of milk has been greatly extended under domestica- 
tion, and that a (!Ow gives a larger yield, and for a 
longer period, than she w'oiikl in tho wild state. 
Moreover, in ordinary circurnstanc'cs she will soon 
ho in calf again, so that, during the gretvter part of 
her milking period, not only has she to provide for a 
large flow of milk produced under artifleial condi- 
tions, hut also to repair the ordinary w(?ar and tear 
t)f her system, besides nourishing her special condi- 
tion. If a cow is subjected to had treatment and 
poorly fed, not only will her own constitution ho 
undermined, hut the future life of the calf will he 
seriously affected. It is, therefoie, essential that 
care and intelligence should ]flay an important part 
in the breeding and inanagomt‘nt of dairy st(xrk on 
rational lines. 'I'hcso remarks do not apply to 
beef breeds reared undt*!' more natural conditions, 

Calf«rearing. Nature’s method is for the 
calf to suck tho cow, ami this is best as far as tho 
latter is conci^nuHl, being followed wdth some of tho 
j)oorer milking breeds, such as llcrefords, Galloways, 
and Highlanders. Pedigree calves, especially bulls, 
in other breeds are also frequently allowed to run 
with their dams. Again, where calf-rearing is th<i 
principal objcjct, a cow with a good flow may be made 
to rtJar two calves at the same time, and when these 
have been weaned, a second pair may bo put to the 
cow. On most farms, however, milk is too valuab'e 
an article for feeding calves, and they hive to be 
reared on some artifleial substitute in the form' of 
calf meal. Tho usual method is to allow the calf 
to suck its mother for tho first few days, when the 
milk — then known as colostrum — is of special com- 
position, and .of no use for commercial purposes. 
The calf is then removed, receiving new milk for a 
day or two, and this is gradually changed into a diet 
consisting of separated milk made up to the standard 
of whole milk by tho addition of some substitute. 

When the calf is taken away, from mother it 
should bo fed from a buck,et, preferably, three times 
a day with neiv milk, the allow;ance gradually rUing 
to about two quarts at each meal.' At the end of a 
week or so a gruel made with calf meal Should be 
worked in by degrees, thus reducing the quantity of 
milk. Separated, or skim, milk, which pomesscs 
considerable feeding value, should, if available, 
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gradually take the place of the new milk, and be 
used for mixing with the gruel. On milk-selling and 
cheese-making farms, where there is no separated 
milk, whey or water must be used in making the gruel. 

At the end of a month the calf will be on a diet of 
warm gruel, given in three feed.s daily, consisting of 
one to three pounds of calf meal, according to its 
strength and whether separated milk is available or 
not. About this time a little sweet hay may be 
put in the rack for the calf to nibble at, ancl dry food, 
with a little linseed-cake, may be gradually substi- 
tuted while the gruel is reduced, the midday meal 
being stopped first. When about six weeks old, 
calves may be turned out to grass in summer during 
the day, and will soon learn to graze ; but it is 
advisable to give them shelter at night. Weaning 
should take place when the calves are about five 
months old, the gruel being then tinally stopped. 

Jn some j>arts of Kngland, especially in the North, 
tlio calf is removed immediately it is dropped and 
bc'fore the cow has time to lick it. It is then fed 
for the first week on its mothcr\s milk, given warm, 
and for the next few days on new milk, not nc‘ees- 
sarily its mother’s. The subsequent treatment is 
similar to that recommended in the formcT ease. It 
seems questionable whether this method is as good, 
for the cow as the more natural one of allowing 
the calf to suck its dam for the first few days. 

Substitutes in Calf-rearing. Substi- 
tutes in calf-rearing may be divided into: (1) 
Ocani equivalents, to take the place of the fat 
removed from separated or skimmed milk ; and 
(2) milk substitutes, or calf meals, to take the plae<^ 
of whole milk when made into a gruel. 

The following substitutes for fat may be used 
with good results, namely, cod -liver oil, pure lins(‘od, 
and pure linseed-cake. The first of these may be 
fed at the rate of two ounces per calf per day, being 
stirred into the separated milk, but it must be ro- 
memborod that groat harm may bo <lone by a care- 
less use of the oil. 

'Phore are many t*xeellent patent calf meals and 
cream equivalents now on the markid at a reasonable? 
price, and in the majority of cases it will pay to use? 
these, unless a large immbeT of ealve.s are bediig 
roared. A safe home made calf meal can be made? 
as follows : Oatmeal, 2 parts ; linsecd-cake meal, 
2 parts ; pun? crushed linseunl, 1 part. A small 
quantity of ordinary flour or arrowroot may be 
adeied to counteract any tendency against scouring. 

Rearing After Weaning. Calves, afte?r 
weaning, must be kept unelor cover the first wdnt<‘r, 
and the run of a good covered yard will be founel 
most useful for this purpose. Tht^y must ne>t be 
allowcel to lose their flesh, anel should receive a 
liberal ration, consisting of a few roots, sweet hay, 
and a mixture of about 1.] to 2 pounds of linseed 
cake and meal each day. 

At the end of the winter yearling steers and heifers 
may bo turned out on to good grass, and they will 
then graze, with no extra food, during the summer, 
and should come iq in good condition towards the 
autumn. During the second winter they should 
receive roots, hay, and straw, together with an 
allowance of cake and meal. For those intended for 
mrly beef the ration should be gradually increased 
until they are ready f«»i the butcher at twenty to 
twenty-four months old 

The yearlings which arc run through the second 
winter as stores may bo turned out to grass in the 
following summer, and then taken up towards the 
autumn, and fed for winter beef when from two to 
three years ol^. Bullocks run on as stores till three 
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yeArs old may be grazed fat on feeding pastures, 
during the fourth summer. Heifers intended fori, 
breeding should be only kept in store condition and 
put to the bull when they are about two years old, 
so that they will calve down before tho end of the 
third year. 

A Mistake in Rearing. One of tho princi- 
pal mistakes in stock breeding lies in allowing 
the young animals to lose all their condition during 
the first, and especially during the second, winter, 
for there is then immense loss in food and time in 
making up this wastage before the animal is fit for 
the butcher. A secret of success in modem farming 
is never to allow the calf flesh to be lost, and to keep 
the y()ung animal steadily going on till it is ready for 
the block. In tho case? of heifers, to allow them to 
get iftto too poor a condition is sure to act detri- 
mentally on their first ealf, to say nothing of the 
effeet this will have on tho value of the heifer herself 
if intended for the market ; and heic, again, trying 
to save a few shillings during the rearing period 
will bo found a penny wis(? and pound foolish policy. 

Summer Feeding. It is commonly estimated 
t hat three acres of grass land arc necessary to k(?ep 
a cow for the year, providing pasturage during tho 
summer and hay for winter feeding. As a matter of 
fact, with good grass land rather less would suffice, 
an<l this is also the case with farms which are partly 
arable, and when? crops an? specially cultivated for 
use in the dairy. Thus, where there is a certain 
junount of arable land eonruHjted with the holding, 
a greater number of cows can b(? k(?pt on tho samo 
area, c.specially during the winter. 

During summer, (?ows are kept on pasture, which 
is excellent for inducing a flow of milk, and conse- 
<iuently at this time of tho year milk can be pro- 
duced at a cheaper rate than at any other season. 
The price of milk is, therefore, lowered in milk 
contracts during the summer months, and the 
farmer, who has no diffi<?ulty in getting rid of his 
winter milk, very often finds himself saddled with a 
large surplus supply during the growing season 
which he can only dispose of at a miserably low 
figure. It so(?ms a pity that farnK'rs in grass dis- 
tricts where they are subject to a summer glut of 
milk do not combine to start (■he(?.s(? factories which 
would take all the surplus supply, and thus prevent 
the price of fresh milk at this season fn>m dropping 
to an unremunerative price for th(? prodiie(?r. 

Towards autumn, when the grass is 1(?S8 nutritious, 
and tends to go oil in quality, it is a good practice 
to allow a small quantity of undecoriicated eotton- 
c akc — say, 2 to 4 pounds per head per day, which, 
besides adding to the feeding value of the ration, 
tends to check any undue laxative off(?ots of the grass 
on tho cows at that s(?as()n. 

Winter Rations. Before the advent of the 
turnip and its present method of intensive cultiva- 
tion in rows, cattle wore wholly dependent on tho 
hay and straw grown on the farm for their susten- 
ance during the winter, and consequently feeding 
wdth a view to fattening at this time of the year 
was impossible. 

With the introduction of the turnip, swede, and 
mangel as winter foods, matters were eonsidcsrably 
improved, and when linsecd-cake was added winter 
feeding on modern lines came into f>ractic(?. But tho 
great advance was made toward the end of the nine- 
teenth century, when cotton-cake and tftaize were 
added to the common feeding stufls of ‘the farm, 
and these were shortly supplemented with by-pro- 
ducts of certain industries, such as brewing and 
milling. In this way the nUtritivd value and 



palatability of winter rations were greatly ineimsed, 
and the time required to prepare a store beast for 
the butcher was much reduced. 

The management and feeding of cows in winter 
vary very much with climate and district. In the 
South of England, where the climate is mild , the 
cattle are out during the best part of the day, being 
brought into yards and open sheds for thi^ night an<l 
for purposes of milking. In the North of England, 
on the other hand, where the weatlun* is often 
inclement, dairy stock are kept entirely indoors 
during the best part of the winter, oiily being 
allowed out for a short time eaeh morning to get 
watered. It must be remembered, however, that 
in those districts in which the housing syst('m is 
strictly adhered to, there is all the more chance of 
tuberculosis being developed, owing, in many c*ascs, 
to the lack of proper ventilation anil sanitary pre- 
cautions. Good results have been obtained in some 
districts by keeping cows out of doors all the year 
round, both day and night. 

Cows need a diet somewhat relaxing to tin* bowels, 
so that in winter they require roots and meadow 
hay, together with small quantities of linseed or 
treacle, to be used along with the coarser forage. 
Swedes, turnips, kale, cabbage, kohl-rabi, mangels, 
carrots, and y)arsnips may all be used with safety 
during the winter for the production of milk. In 
addition to these, it will be necessary to use a 
mixture of concentrated foods, not exc<‘eding 10 to 
12 pounds ])er day, to strengthen the ration where 
cows are producing milk during the Avinter. Roth 
sorts of cotton-cake, soya lx'an cake, dried brewers’ 
grains, bran, oats, and maize are all suitable. 

Relation between Food and Yields. 

It is very necessary for purposes of economy that 
some relation should exist between the amount of 
artificial food given and the milk yielded, and it 
ought to be the duty of the cowman t(» see that 
those cows which are putting their best into thi^ 
pail should receive the full quantity of cake and 
meal, while those which are falling oft should have 
their coneentratod food reduced. 

Experience and the results of numerous ti'sts 
seem to point to thi^ fact that the food affects the 
quantity of the milk rather than the percentage of 
solids it contains ; and that the quality of the milk 
is determined rather by the natural eaymeity or 
constitution of the cow than by the .»mouiit of food 
it eats. Tims, some cows yield milk naturally rich 
in butter fat, while others are exactly the reverse 
in this direction. This is a distinctly interesting 
yioint to note when we take into account the present 
legal standard of 3 per cent, of butter fat. 

Feeding for Beef. There are two main 
systems of feeding for the production of beef in 
Groat Britain : (1) Grazing cattle on first-class 

ftasturo land during summer ; and (2) feeding cattle 
in yards or tied up in sheds during Avinter. 

In former days oullocks, after they had worked a 
season or two in the plough, and cows when they had 
put their best into tho pail, were feil off on grass dur- 
ing the growing season, and the beef su])])ly Avas 
consequently of a somewhat mature charai ter. Now, 
however, everything has. changeil. The public de- 
mand small, suiiculent joints with plenty of lean 
meat, and the farmer and grazier have had to alter 
their methods accordingly. Bullocks and heifers are 
consequently fed off at two to throe years old. 

On the best English grazing lands, as in North- 
r«nptonshii'o and Leicestershire, strong stores — 
unless bred on the farm — are bought in the spring 
markets at about throe years old, and at oiico turned 
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out to graze. Toward the end of the summer these 
beasts should be ripe and ready to go off, having 
increased some two hundredweight more in live 
weight. In a good grass year on first-class feeding 
land it is even j)o.s8ible to put on a second lot towards 
autumn, and to finish these off with cAko before 
Avinter ironies. 

Thii methods of feeding cattle in yards, boxes, and 
shcd.s during the winter are principally followed in 
the eastern parts of England and *ScotIand where 
largo arable farms exist, and where it is necessary to 
mahnfactiiro quantities of yard manure for use on 
the ploughed land. In these eases turnips, swedes, 
mangels, straw, and hay grown on thi? farm form 
the bulky food, and purchased cake and meal are 
added to supplement the rations and increase their 
nutritive and digestive qualities. The amount of 
concentrated fooil used is, as a from 4 to 

10 })oiirids per bullock per day. 

The Art of Feeding« There is more in the 
art of feeding than people imagine, and two men 
may obtain very different results with the same 
quantity and description of food given to similar 
animals. The necessity for regularity in the hours 
of feeding cannot be too strongly insisted on, and 
the judgment of the stockman in studying and 
tempting the animal's appetite, and seeing that 
everything is cleared up before the next meal, is a 
great factor. Any umieeessary disturbance should 
be avoided, and the cl(‘aniiig out of the stalls should 
he done as far as possible Avlum the animals have some 
food in their troughs to oceupy their attention. 

The question of the preparation of the food with a 
view to making it more ])alatable and digestible is 
also another consideration. No doubt pulping the 
roots, chaffing the fodder, mixing and leaving the 
mass to ferment for somi' hours ))(‘fore feeding is 
economical where a largo number of eattlii arc being 
fed, as rough foddi^r can often be used for this pur- 
pose which would not be palatable by itself. It also 
makes the food more digestible, espeiually in the case 
of young animals. Whore small quantities of cattle 
are being dealt with, and the labour of pulping and 
chopping has to be done by hand, it is doubtful 
whether the system pays. 

Milk yields, butter and cheese making are fully 
dealt with in later chapters on Daira’ino. 

Future of the Cattle Industry. Of 

the enormou.s capital invested in the live stO(;k in- 
try in the United Kingdom, no less a sum than 
^^12(1,000,000 must he put aside to represent the 
curient value of the. stiK_*k of cattle. Erom the 
latest figures furnished by the Statistical llopart- 
ment of the Board of Agriculture, it is shown that 
the total stock of cattle in the United Kingdom 
cannot bo computed at le.ss than 11,900,000 head, 
.'showing an increase of nearly 2 million since 1876. 

As regards the future of the cattle industry in the 
United Kingdom, it should always be the aim of 
British breeders to maintain the reputation they have 
gained by keeping to a high standard and producing 
the best stock possible. There is also little doubt 
that the present class of stock required for the home 
markets is a dual-purpose animal, capable of pro- 
ducing both milk and flesh, and this tyt>e has been 
successfully developed by some of the best breeders. 

When we consider the (‘uormoiis value of the 
cattle industry in this country, it is easy to under- 
stand that any slight improvement that can be made 
by the efforts of breeders in the milk-yielding or 
beef -producing powers of their stock would, taken 
in the aggregate, represent a largo increase to the 
national revenues. DRYSDALE TURNER 
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The Laws of Atomic Heat, Valency, and the Conservation of Matter. 

, Radium ; Its Properties and the Modification of Physical Theories It Causes. 

THE GREAT LAWS OF CHEMISTRY 


H aving oompletcLl, in sufficiont outline, our 
study of the facts of inorganic chemistry, 
wo are now in a position to review the great laws 
of chemistry, some of which have already been 
discussed. Very early in the course, for instance, 
wo had to refer to the Periodic Law which was 
a sort of curiosity a decade or two ago, but which 
the recent study of the atom, the discovery of 
the rare gases of the air, and other advances in 
chemistry have elevated to the very foremo.st 
rank among ch(*mieal truths. 

Molecules of Gases. Wo have also 
made brief reference to certain of the laws 
of compounds, such,, for instance, as the law 
of fixed proportions. In this and the course 
of Physics, reference has already been* made 
to Boyle’s law, which states that the volume of 
a gas at a uniform temperature is inversely pro- 
portional to the pressure to which it is oxposc'd, 
and also to the law which most commonly goe,s 
by the name of Oay-Liissae, that the volume of 
a gas increases, if the pre.ssuro bo eoustant, by 
one two hundred and seventy- third jiart of its 
volume at 0° C. for each rise of one degree 
centigrade. From these laws it has been possible 
to deduce another, which goes by the name of 
Avogadro, and which states that, given equal 
temperature and [)res8ure, equal volumes of all 
gases contain equal numbers of molecuk'S. This 
is one of the most remarkable and important laws 
in the whole of physics or chemistry. It consti- 
tutes the only possible way of explaining the 
laws of Boyle and Gay-Lussac. This law states 
nothing whatever about the size of the molecules 
of various ga.s<vs — a size which is undoubtedly 
different in each ease from all other eases, but 
merely asserts that gaseous molecules under 
equal conditions of temperature and pressure 
occupy the same amount of space. 

The Law of- Atomic Heat. To these 
laws one more must be added, which commonly 
goes by the name of two French chemists, 
i)ulong and Petit. It may be stated in several 
ways, as, for instance, that the atomic weight of 
any clement multiplied by its specific heat 
fsec PnY.sjosJ is the same for nearly all elements. 
This figure or constant is known as the atomic heat. 
This law implies that precisely the same amount 
of heat is requircHl in order to raise through one 
degree of temperature equal numbers of atoms of 
ditferent elements in the solid state. 

^ This law and the law of Avogadro are in entire 
accord with the kinetic theory of gases, which 
has been fully discussed in the course on Physics. 

Wo have frequently had to observe the fact 
that the elements unite with one another in very 
definite proportions, and wo have employed such 


phrases as one-Imnded and tivo-Jianded, in order 
to explain, for instance, the fact that it requires, 
as wo have said, two one-handed atoms of 
hydrogen to unite with one two-handed atom of 
oxygon, in order to form water (H^jO, or H-O-H). 
(.’Jhomists have introduced the word equivalents 
in order to express certain facts of valency. They 
describe as the equivalent of an element that 
proportion by weight which will combine with 
or replace one j)art by weight of hydrogen. The 
facts of water lead us to observe, for instance, 
that, in the ca.'^e of water, at any ivxto, 8 is the 
equivalent of oxygen. 

The Laws of Valency. Now, by tho 
word valency wo describe the number of atoms 
of hydrogen with which any element will com- 
l>ino, or which the element will turn out from ono 
of tho compounds of hydrogen. This is as good 
a„s to say— as the reader will see if he thinks about 
it — that the valency of an element can always 
be a.scertained if we divdde its atomic weight by 
its equivalent. For instaiiee, in the case of water 
we have seen the equivalent of oxygen to bo 8, 
while we know it.s atomic weight to' bo 10 ; thus, 
its valency in the case of water is 2, or, to use 
our old metaphor, it is two-handed. 

Valency and the Periodic Law. Until 
quite recently, only a few years ago, indeed, 
it was scarcely possible to say any more about 
valency than has already been said. Wo could 
siinidy observe the facts and state them. 
It seemed absolutely impossible to explain 
them in any way. One curious circumstance, 
however, could be observed, whicli was that 
\'alency seemed to be hinted at in tho periodic 
law. Taking the groups of tho elements in 
sequence, we found that the typical members of 
group one were oue-handed, or monovalent; 
those of group two were two-handed, and so on. 
It was not stated that this is invariably the case, 
but it is too nearly the case to be without 
significance. Furthermore, as wo have already 
notcid, tho rare gases of tho air were found to fit 
into tho table of the periodic law, constituting 
a zero group which, if there be anything in the 
group arrangement of valencies, ouglit to have 
710 valency at all. And this is precisely what 
was found. Despite innumerable experiments, 
these gases are found to be incapable of entering 
into combination with each other or with any 
other element ; they are no-handed. 

The now famous work which has been done by 
Sir Joseph Thomson, of Cambridge, and his 
follow- workers has already gone far, however, t(# 
make valency intelligible, and especially to 
unravel tho real significance of the remarkable 
manner in w'hich the periodic law respects the 
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facts of valency. To this subject wc must 
return when we have discussed, so far as may 
bo possible the wonders of radium, radio-activity, 
and the new chemistry. 

The Conservation of Matter. On 

page 170 wo referred very briefly to the doctrine 
of the conservation of "matter, which asserts 
that in all chemical transformations and com- 
binations no matter is ever lost or annihilated, 
appearances to the contrary notwitlistanding. 
This was regarded as by far the most important 
of all the great laws of chemistry — fundamentally 
important to the chemist, and of enpial importance 
for philosophy. The assertion of the chemist wtis 
that, whatever process occurs to change the 
distribution of matter or its forms, no matter 
is ever lost. When we bum a candle, it would 
seem that something is annihilatfd, but it is not 
so. If we collect the products of combustion, 
remove from them the oxygen with which the 
constituents of the candle have combined during 
the process of combustion, and weigh them, w’o 
find that nothing has been lost, even when tested 
with the most delicate balances. W^e also find — 
and this is of precisely equal importance — that 
nothing has been gaimd. There has been 
apparently neither annihilalion nor creation. 

The reason for this apparently fundamental 
proposition cannot be better stated than by 
K(Tb(Tt Spencer in “ First Principles ” ; “Could 
it be shown, or could it with reason be supposed, 
that matter, either in its aggregates or in its units, 
ever becomes non-existent, it would be needful 
either to asot^rtain under what conditions it 
becomes non-existent, or else to confess that 
science and philosophy are impossible. For if, 
instead of having to deal with lixed quantities 
and W'cights, we had to deal with quantities and 
weights which are apt, wholly or in part, to be 
annihilated, there would be introduced an incal- 
culable element, fatal to all positive conclusions.” 

Men once believed that things could vanish 
into nothing or arise out of nothing, or thought 
that they believed it. It is th( quantitative 
chemistry of the last hundred years which has 
shown that in all chemical processes the law of 
the conservation, or the indestructibility, of 
matter is obseived. But the latest researches 
in physical science tend fo lead back in a much 
modified form to the original belief. It appears 
that during any chemical change nuattcr actually 
disappears with mieroscoj^ic slowness, accom- 
panied by manifestations of energy. 

A New Statement Necessary. So 

far, therefore, as all ordinary chemical processes 
are concerned, the law of the conservation 
of matter holds true today. This law it was 
t^t led Clerk-Maxwell to coin his celebrated 
pihraso describing the atoms of matter as the 
^foundation-stones of the physical universe, 
which have lasted since the Creation, unbroken 
and unworn. No power in the universe could 
destroy an atom. If all the other atoms in the 
universe wrere ranged against it, it would survive 
their attacks. But nowadays we are all aware 
that Clerk-Maxwell's conception of the atom is 


obsolete. Of this there will be no remaining 
doubt when we have proceeded to the discussion 
of radio-activity. Atoms are not like foundation 
stones ; they consist of systems of almost 
infinitely smaller units, known as corpuscles or 
negative electrons. These systems vary in 
stability, though those with which w'c are 
familiar are probably the most stable that have 
survived, while less stable atomic systems have 
disappeared, in accordance with the law of the 
survival of the fittest, which is now believed to 
obtain among atoms ixs among organisms. Jf 
we are to adhere strict ly, then, to the law of thi^ 
conscitvation of matter as a fundamental dogma 
of chemistry and of philosophy, wo must let the 
atom go and must turn to consider the electron 
or corpuscle. 

Conservation of Energy. Now, the 
truth appears to be, as was, indt;ed, long ago 
discerned by the genius of Spencer, that the 
law of the conservation of matter must bo 
regarded as merely a convenient aspect of 
a much greater law — the law of the conserva- 
tion of energy. The belief in the indestruc- 
tibility, or conservation, of atoms has had to go, 
since nwlium demonstrates to our actual vision 
the destructibility and impermanence of atroms. 
Appanuitly no success can be hoped for the 
attempt to transfer our dogma to the electron. 
Wo are very far indeed from having any proof, 
or, indeed, from having any reason to believe, 
that electrons arc per manent and indestructible. 
On the contrary, we arc5 compelled to look upon 
them as essentially transient and evolving 
manifestations of energy. While the great 
revelations of the last twt*nty yt^ars have greatly 
afft^cted our views on the dociriiie of the con- 
servation of matter, they have equally affected 
the doctrine of the conservation of energy. To 
some aspects of this ([uestion we must return 
in a later section. 

Radium. Everyone w ith a guinea to spare 
may become the possessor of a tiny speck of 
the most expensive, rare, and wonderful of 
all known substances. At the present rate in 
the rise of the value of radium, Iiowever, the 
makers of the remarkable toy called the spin- 
thariscopcy which was invented by Sir William 
Crookes, will soon have to raise its price. This 
spinthariscope is a little bras.s tube about an 
inch and a half long, which is closed at one end 
and has a coujilo of magnifying lenses at the 
other. On the inner surface of the blind end 
there is a small piece of paper which has been 
coated with minute crystals of zinc sulphide. 

Just in front of this piece of paper there stands 
out a metal |)ointer like the hand of a watch. 
The end of this pointer has been dipped in a 
solution of a salt of radium. If, now, one takes 
the spinthariscope into a dark room and holds 
it close to the eye, one sees a shower of points 
of light that seem to radiate from a centre and 
that come from the surface of the zinc sulphide 
paper. This shower of sparks never ceases, 
night or day, year in and year out. The present 
writer mislaid his spinthariscope, and when he 
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found it again after some months and saw this 
shower of sparks still occurring, and realised 
that it had never ceased throughout the inter- 
vening period, the most amazing of all the 
features of radium was at last brought home 
to him. After nine years he revises these lines, 
and his s})inthariscopc is still showering burst 
atoms as ever. 

Estimated Duration of the Energy of 
Radium. Various calculations have been made 
as to the length of lime during which the scanty 
deposit of a radium salt upon the pointer of a 
spinthariscope will continue to evolve the 
energy of whicih the shower of sparks is the 
manifestation. The least estimate runs into 
thousands of years. 

The ceaseless flashes of light are believed 
to bo due to the cracking and splintering of 
the crystals of zinc sulphide by means of some- 
thing which flies out from the radium and 
strikes them. Thus, it is probable that the paper 
may require to lie rcmc'wed after some time ; 
but that is merely because it will cease to indicate 
what does not cease — the continual evolution of 
energy by the radium within the spinthariscope. 

Soiiietimes tlu^ owner of a spinthariscope is 
annoyed to find that the showiT of sparks is 
very inconspicuous. If tlu; toy bo slightly 
warmed, the shower will soon reappear. What- 
ever the cause of this fact be, it luas certainly 
nothing whatever to do with the behaviour of 
the radium itself. For radium continues to 
evolve energy in liquid air or liydrogen at a 
temperature more than 200 d(‘grees Ix^low zero 
just as well as it does at ordinary temperatures. 
Indeed, its behaviour seems to be unaffected by 
anything that we can do to it. Since these 
words were first published, students all over the 
world have been devoting their lives to 'the 
discovery of some means of eonti*olling the 
decomposition of th(^ radium atom ; but all 
have wholly failed so far. 

The New Alchemy. Now, the sight 
which the 8i>inthariscope affords is really the 
vindication of th(? mu(d\-abused alchemists, 
who sought to turn the baser metals into gold. 
Later generations laughed at them and said : 
‘‘ Ob, no, you cannot transmute one element 
into another, for each element has its own kind 
of atom ; and the atoms are the unalterable 
foundation-stones of the universe. They cannot 
b(‘ changed into one another, and so you cannot 
change lead into gold. Your philosopher’s 
stone is a myth.” But this supposed impossible 
thing is precisely what is happening in the 
spinthariscope. Let us consider the facts. 

Radium is certainly an element — as much an 
element as gold or lead or any other ; and, of 
ourse, it has a characteristic atomic weight 
f its own. Tliis was variously estimated at 
first, Madame (^irie, the discoverer of radium, 
estimating it to be 225 ; while other observers, 
using other methods, estimated the flguro to be 
2f56. This last would constitute radium the 
heaviest of all Jenown substances. Madame 
Curie, however, has been proved to be right, 
and radium is rccpgnised as the third heaviest 
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of known substances, the heaviest being uranium, 
with an atomic weight of 240, and the next 
thorium, with an atomic weight of 232. The 
fact that the atomic weight of uranium is greater 
than that of radium is extremely important, 
os we shall see when we come to discuss the 
evolution of radium. 

The Emanation of Radium* Now, 
if some of this element bo confined in a tube, 
wc And, after a time, that there appears in the 
tube a minute quantity of a gas or emanation 
which was not there before. This is not gaseous 
radium, for when it is examined with the spec- 
troscope it shows a spectrum quite different 
from that of radium ; in fact, its spectrum is 
quite different from that of any known substance. 
But it was discovered by Sir William Ramsay 
tliat if the spectrum of this mysterious emanation 
be examined again after an interval of about 
four weeks, it is found to have changed into a 
familiar spectrum which is instantly recognisable 
as that of the rare element known as helium. 
The astonishing fact, then, is that the element 
radium decomposes itself and produces another 
element, helium. Now, the atomic w(‘ight of 
helium exai^tly corresponds to the weight of the 
tiny particles wliich art' now known to be shot 
out from radium, constituting what arc called 
the alpha rays. Tlu'St* purticlcvS, flung out from 
the radium in)on the pointer of the spintharisoopo 
at an inciediblt^ speed of tens of thousands of 
miles ptT second, bombard the zinc sulphide 
paper and so produce the shower of sparks to 
which wo have reft'rrcd. 

Radium and Universal Evolution. 

In th(^ history of tlu* science of radio-activity, 
this great discovery of Sir William Ramsay’s 
takes a prior plaet', since it proves once and for 
all that the doctrine of universal evolution is 
applicable to atoms. Herbert Spencer’s original 
definition of evolution, framed more than forty 
years Ix'fore the discovery of radium, is as 
applicable to the facts discovered so lately as if 
it had been framed in order to describe them. 
Thus the most important fact about radium for 
the philosopher, tlie ])hysicist, and the chemist 
aUke, is that it proves the truth of atomio 
evolution. Not even an atom is immune from 
the universal law of unceasing change, and thus 
eveiy spinthariscope is a lasting refutation of 
that memorable phrase of Clerk-Maxwell’s to 
which wo have so frequently referred. Further- 
more, radium has jn’oven that Sir John Hersohel 
and Clerk-Maxwell were wrong when they 
declared that the atom bears upon itself the 
“stamp of the manufactured article.” Atoms 
are not manufactured, but have evolved and are 
evolving at the present moment. 

The Evolution of Radium. Of 
the elements, the last that radium suggests 
the mind is lead, \mloss, inde(xl, the suggostioiP 
were by contrast. Lead has long stood as the 
symbol for all that is mean and worthless and 
dull and unremarkable ; while wo know radium 
to be the most brilliant, the most valuable, and 
incomparably the most remaiji^able of all th^ 
elements. Lead stands for something worse 
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than iiK^iocrity, radium stands fc 3 r uniqueness 
and genius. Yet in recent years it has actually 
been discovered that lead- almost certainly— 
has its place in that evolutionary chain of 
which raciiuni is the most remarkable link. 

But before we ask what becomes of the atom 
of radium, let us inquire into its own origin. 
We know that there is extremely little radium 
in the world, and w^e find that what radium there 
is, is constantly being decom])oscd into simpler 
elements. Indeed, w'e can i)ari4y understand 
the facts unless we assume that, whik* radium is 
itself being decompos(‘d, it is, on the other hand, 
being produced in some way or other the 
amount of radium actually existent at any one 
time being determined by the com[)arativ(i 
rates of these twn j)rocesses. We now', ind(‘(*d, 
have every reason to beli(^v(^ that radium itself 
is the child of uranium — wherein lies the import- 
ance of the fact, u])on which we have insisted, 
that the atomic weiglit of uranium is greater 
than that of radhun. Tlu^se two elements are 
associated with one another wherever they an* 
found ; and not only so, they are assoeiatc'd in 
a constant ratio. This ratio is determined 
entirely by the. relative life; periods of the 
uranium and the radium atoms. 

Radium and Lead. As w'<; have 
already seen, the so-called alpha rays of 
radium are now’ known to consist of material 
partiol(‘S, eaeli of which must be regard<‘d 
as an atom of Indium in a state of groat e*xeite- 
inent and activity. Now it is obvious that 
the radium atom cannot continue to lose an 
indefinite number of these immature atoms of 
helium without itself undergoing certain changes, 
in fact, the radium atom is changed. When it 
has lost OIK' atom of helium it is no longer a 
radium atom, but the atom of another element. 

It is now believed that each radium atom is 
capable of losing in succession live atoms of 
helium. At each stage it is a different and 
detinitc j)roduct and must receive a different 
and definit-(5 name*. (These names have not yet 
been quite agreed upon, but the reader may 
have heard of actinium and polonium, the latter 
having been named by Madam<; Curie after Ikt 
native countiy. It is now seen that these names 
juust apply to various stage's in the transmuta- 
tion of the atom of radium. ) And now we come 
upon the extiaord inary conclusion, apparently 
beyond all dispute, that when five such helium 
atoms have loft w'hat was originally an atom of 
radium, the atom left behind is none other than 
an atom of lead. 

Origin of Radium. It is obviously not 
correct, however, to. use the phrase, “ originally 
an atom of radium,” for we know that the 
Fadiurn atom, large, heavy, and complicated 
though it be, is yet none other than a decom- 
position product of a heavier, larger, and still 
more complicated atom — that of uranium. 
What are we to say of this ? Is the uranium 
atom also only a temporary product of an 
element consisting of atoms yet heavier and 
more complex than its own ? This, indeed, 
seems highly probable, though no such element 


IS known. But it is not easy to see where w*e 
are to stop in the speculations which these new 
discoveries have suggested. Though uranium 
has the heaviest atom we know, there is no 
conceivable reason W'hy it should be the heaviest 
atom possible, indeed, it lias been sugge.sted 
that we must go back in thought by successive 
stages to a period when the whole universe wa.s 
one kind of atom. 

Where does Atomic Evolution stop ? 

Yet if wo have difficulties in this direction, 
we have difficulties no less in the other direction. 
The atom of lead is extremely heavy and 
eomplex. Why should it be the last stage in 
the jirocoss which “began” with uranium? 
No one, indeed, now thinks that it is the last 
stage, and by some it is thought that the element 
silver, which is so constantly found in associa- 
tion with lead, may represent the next most 
striking sfage in this particular sequence of 
atomic evolution. But in tliis direction also, 
where does the process stoj) ? Are wo to 
su])pose that the universe began as one huge 
atom, and that its last stage will be represented 
by the breaking down of all atoms into what w'o 
now believe to bo the common constituent of 
them all, the electron of negative eleetrieity ? 

Helium. Howev'er thcho things may be, w'o 
must at any rate study, so far as is possibk', the 
remarkabh* (‘lenient helium, which is so positively 
known to be a product of the dei^ompijsition of 
radium. Wh(‘n the spectrum of the pro- 
tuberanc(‘s of the sun was first studied, it was 
found to indicate the existence; of an element 
with which chemists had no acquaintance. 
But it was subsequently discovered by Sir 
William Ramsay that this sann; element is 
j)r(*! 5 (?nt in a rare Norwegian mineral which has 
the name of clovoite ; the eh'im'nt is now known 
as helium (from Grc'ck hellos, the sun). Thirty 
years elaps(‘d between the discovery of lielium 
in the suii by the late Sir Edward Fraiikland 
and Sir Norman Lockyer in I8(>8 and Sir William 
Ramsay’s demonstration of the exist(‘iiee of this 
element upon the earth. This is tin* one sub- 
stance which Sir James Dewar was unable 
to liquefy. He writes : “ It has het‘n expanded 
from a pressiin; of 80 to 100 atmospheres at the 
t(*mperaluro of solid liydrog(*ii without the least 
indication of liquefaction being perceived, 
although in thi.s connection it must bo remem- 
bered that its exceedingly low r(;fractivity would 
render small drops of the liquid forming in tho 
gas nt'ar its critical point very difficult to see. 

“ It may, however, be said without much doubt 
that helium has been cooled to 9 or 10 degrees 
ab.sohite (264 or 263 d(‘gr(;es below zero centi- 
grade) without sign of liquefaction, and the 
inference is that its critical point is below 
9 degrees absolute. This moans that its boiling 
point is about 6 degrees absolute, or one-fourth 
that of liquid hydrogen.” But, a year or two 
later, Professor Kamerlingh Onnes, of Leyden, 
succeeded, and now even helium has been 
liquehed, with the attainment of the tempera- 
ture, 5 degrees absolute, correctly predicted by 
Dewar. C. W. 8ALEEBY 
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THE CROSIER AGAINST THE SWORD 


' r 'hough the contest about investitures 
^ between the. ecclesiastical and temporal 
powers was formally closed, abundant mate- 
rials for strife between emperor and pope still 
remained, and, as'the eleven hundreds rolled 
on, 3 L new element-- Republicanism — • 
made its appearance in Italy. When men 
first awoke from the torpor of the dark 
centuries, remembrances, dim, but majestic, 
of the mighty republics of old, of Rome, 
and of all the bright train of her sub- 
ject sisters, the municipalities of Italy, 
b^gan to stir in their souls ; and now, too, 
the democratic side of Christianity began 
to display itself, especially to some of the 
inmates of the cloister. 

Such a man was Arnold of Brescia (1136“ 
1155), who preached republicanism and the 
abrogation of the temporal power of the 
priesthood in language which now sounds 
strangely modern ; and he actually suc- 
ceeded for a time in setting up a republic 
in Rome. All over Italy, but especially in 
the valley of the Po, the cities began to 
withdraw themselves from the feudal 
organisation of the empire, or to claim 
that the feudal rights which remained 
should be vested in their own elected 
magistrates, to wiiom they generally gave 
the proud old name of consuls. 

This movement inevitably brought them 
into collision with the man in wdiom all 
feudal rights and privileges were summed 
up, the man who wore the imperial 
crown, and that man in the middle of the 
eleven hundreds w’as one of all others least 
likely to forgo a tittle of his rights — 
Frederic Batbarossa of Hohenstaufen, 
Duke of Swabia and Emperor of Rome. 
This great emjx^ror, one of the greatest in 
the long line of mediexval Cxsars, had some 
qualities in common with our own Edward 
Ranfagerief. Like him, proud, brave, and 
strong ; generally a man of his 

worcl, .and with a deep conviction of the 
duties laid upon him by his high office, but, 
unfortunately, with a tendency to ride 
his steed, the people under his rule, with too 
sharp a bit, thus his very virtues were in 
danger of becoming crimes. His deter- 
miri^tion’ to put an end to anarchy aitd to 


assert the just claims of. the empire 
degenerated more than once into tyranny 
and oppressive cruelty. 

The chief quarrel of the emperor was with 
Milan, that stately city wiiich had often 
been the residence of the old, the genuine 
Augusti. Frederic's chief ally iu Italy was 
rile. Lombard city of Pavia. Milan, at first 
rather feebly supported by lier sister-cities, 
drew strength from tlie support of the Popes 
— first, that of Hadrian IF., the only English-r' 
man who has ever worn the triple crown i 
and then that of Alexander III. (1159-1179), 
who, in his turn, leant upon: the some- 
what uncertain help ot his Norman vassal, 
William, king of Sicily. After seven yeans 
of w^ar, in which the combatants had been 
growing ever- more exasperated against one 
another, the emperor, having starved Milan 
into submission, received her unconditional 
surrender in 1162. He ordered the city to 
be levelled with the ground, and sent the 
citizens forth to wander as beggars through 
the cities of Italy, all save a remnant, who 
w'ere allowed to live in four villages planted 
near their old home. 

Bui here the emperor had overshot his 
mark. The piteous tale told by the banished 
Milanese roused the sympathies even of 
their former foes. In 1167 the Lombard 
League was formed, a confederation which 
included nearly all the cities of J.ombardy ; 
Milan was rebuilt and received again 
her old inhabitants ; the strong city of 
Alessandria w^as built and named after the 
Pope, patron of the league. Frederic’s 
armies were more than once all but 
annihilated by disease, engendered by 
summer Jieats and ill-drained plains ; and 
at last, in 1176, the twenty years’ .struggle 
was ended by the battle of Legnano, in, which 
the Italians won a complete victory, and 
Frederic, after witnessing the terrible 
slaughter of his men, with' difficulty escaped 
from the field. 

' Convinced that it w’as,,a hopeless task to 
overcome the independent . spirit of the 
Lombard republics, Barbarossa now thank- 
fully accepted the mediation of Alexander 
III:— agaiiYst whom he had been raising up 
one anti-pope after another for the preceding 
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ten years— met him at Venice, and, humbly 
kneeling before him, obtained the, removal 
of the baja of excommunication for himself 
and his adherents. It was on this occasion 
that, according to a picturesque but untrust- 
worthy legend, the Pope set his foot on the neck 

the prostrate emperor, saying, with exultation, 
;* Thou shalt tread upon the lion and adder, the 
young lion and the dragon shalt thou trample 
under foot.’' 

The emperor then returned into Germany, but 
in 1 183 recrossed the Alps, and meeting the dele- 
gates of the Lombard cities at the fair city of 
Constance, concluded with them a treaty which 
was the basis of the public law of Italy for 
centuries. The regalia, or rights of sovereignty, 
claimed by the emperors, were greatly limited, the 
right of the cities to levy taxes and to elect their 
own chief magistrate was recognised ; the Lom- 
bard League itself was solemnly authorised by 
the em])eror. From this time onwards the 
dopcndonco of the cities of Italy upon the 
empire was ever ti'uding to become more i>re- 
carious and shadowy. Italy and Germany 
began more and more to trace out their peculiar 
and separate orbits. 

The Papal Guelfs and Imperial Ghibe- 
lines. During these contests two party names, 
which were destined to shed a lurid light ov(‘r 
Italian politics for many centuries, first came 
into being. These wore the names of Guelf 
and Ghibeliue. The JIukes of Bavaria Jind 
Saxony — from whom, through the Electors 
of Brunswick, our own royal family is 
descended— boro the name of (fiiolf ; and 
these, partly from mere antagonism to the 
other family, were almost invariably found 
siding with the pope against the emperor. On 
the other hand were the two families of Fran- 
conia and 8wahia, which betweem them ruled 
the whole south-western quai’ter of Germany, 
which were coimected by close family ties, which 
ruled the empire for two centuries*— tlic Henries 
belonging for the most part to the Franconian, 
and the Frederics to the Swabian line ; and these 
were found with equal constancy on the side 
opposed to the popes, whom the Church finally 
recognised, and against whom they raised up 
innumerable anti-popes. 

Religious Democracy versus Knight^ 
ly Loyalty. The Swabian emperors, who 
are now generally known in history by a surname 
derived from their castle of Hohenstaufon, 
seem to have be(‘n better known among their 
contemporaries by the name of Woiblingen, 
which their Italian subjects, intolerant of 
the W,” converted into Ghibeline. These 
two < party labels were taken over from 
german into Italian politics, and had a far 
longer and more vi^roiuS life in Italy than in 
their native land. Even so, we may remark in 
passing, the words “ Whig ” and “ Tory ” were 
imported into English q)arty warfare from Scot- 
land and Ireland respectively. Of course, in 
the fierce cross-currents of Italian urban strife 
they often drifted far from their moorings ; but, 
speaking generally^ w© may say that the Guell 


swore by the pope, and the Ghibeline by the 
emperor ; the Guelf leaned towards republicanism, 
the Ghibeline towards feudalism ; religious 
democracy was the ideal of the former, the ideal 
of the latter was knightly loyalty. 

Thb Death of Barbarossa. The last and 
most brilliant of the Hohenstaufon emperors 
was Frederic II. of Sicily. His grandfather, 
Frederic Barbarossa, having in his old age 
embarked on the Third Crusade, was marching 
through Asia Minor, and had already reached 
its south-eastern corner when, plunging in on a 
day of burning heat into the little Cicilian 
stream Calycacbius, ho caught a sudden chill, 
resulting in a fever or a stroke of paralysis, W 
w’hich he was almost immediately carried oil. 
Though ho was buried in that far-off Asiatic 
land, the imagination of the Germans pictured 
the glorious emperor still living in an enchanted 
sleep in a cave of the mountains near Salzburg, 
from which he should one day burst forth in the 
time of his country's darkest need to champion 
her cause. Yet Louis XIV. and Napoleon came, 
and still Barbarossa slumbered. 

How Malaria was a Papal Defence. 

The son and successor of Barbarossa, Henry VI., 
c‘mperor from 1190 till 1197, was a man of base 
and ignoble nature, whoso most memorable action 
was the arrest and imprisonment of our Richard 
(•cDur-de-Liou on his return from the Holy Land. 
He made, however, a most successful matrimonial 
V(‘nture when he married Constantia,^ who was 
ultimately the heiress of the Norman kings of 
Sicily. He thus acquired dominion over the 
whole south of Italy, and made the House of 
Hohenstaufon more terrible and more hateful 
than ever to the papacy, which saw itself girt in 
on every side, north, cast, and south, by this 
inexorable foe. But Henry VT. died in the 
prime of life, a vi(!tim probably to that fatal 
climate of Italy, which was the keenest of all 
Guelfic partisans. 

The Pope who Reared an Emperor. 

His wife Constant ia, whom he had sorely 
wounded by many cruelties towards her kindred 
and her ])eople, died a year .after him ; but before 
dying left her son, a little boy of four years old, 
under the guardianship of the pope. This 
orphan child was the future Emperor Fredorio 
II. Guardian and ward were each to play a 
great part on the stage of history, the first in the 
early, and the second in the central years of the 
century ; but two more diverse characters could 
hardly be imagined. The pope who received 
Constantia’s dying charge was none other than 
the fapious Innocent HI., greatest of. all the 
popes but Hildebrand, the mfiin who* organised 
the Fourth Crusade and ruthlessly rooted up the 
heresy of the Albigenses ; the man who brought 
John of England to his feet and made the Engush 
kings his vassals ; the man, too, who harnessed 
the enthusiasm of St. Francis and St. Dominic 
to the chariot of tho Church. A Roman npble, 
calm, strong, self-possessed, he showed that 
the imperial race had not quite forgotten the 
secret of ** ruling the nations,- that it could still 
** spare the fallen and war donv^ the proud/’ 
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The Last Brilliant Swabian Emperor. 

The child Frtjderic, son of a GermaA father 
and a Norman- Italian mother, grew up to the 
age of seventeen in his mother’s native Sicily, 
amid many perils, from which he was on the 
whole faithfully shielded by a pope, the pre- 
destined enemy of his race. When his character 
fully declared itself, when his position as emperor 
of ^Rome and king of Sicily was established 
beyond possibility of question, he was indeed, 
as he was often called, stupor mundi,” an 
object of bewildered wonder to the world. The 
emperors who followed Charlemagne, especially 
the emperors of the three ]>reviou8 centuries, had 
been for the most jiart brave, thick-headed 
German soldi<irs. silently despised as “ bar- 
barians ” by their Italian vassals. But now, 
behold ! the imperial diadem was worn by a man 
more Italian than the Italians, a man who spoke 
six languages — Ijatin, Italian, German, French, 
Greek, Arabic — and who wrote poetry in one of 
them — the young “ volgare ” dialect of Italy. 
Here was a troubadour upon the throne, yet also 
a skilled and resolute soldier ; a free-thinker, too, 
in that most orthodox ago ; a man who consorted 
with Saracens, and who dared to say : “If the 
Almighty had ever seen my beautiful Sicily, He 
would never have given that arid Palestine as a 
possession to His chosen people.” And yet this 
free-thinking emperor could also be, when it 
served his purpose, a cruel persecutor of heretics. 
There is much in the character of Frederic IT. 
to move our just condemnation. We arc always 
fascinated by his brilliant, many-sided jierson- 
ality, but we never quite love him. 

Frederic of Sicily and the Church. 

By the help of the papacy the young heir of 
the Hohenstaufen not only preserved his Norman- 
Sicilian kingdom, but in 1215 won the imperial 
crown from a competitor, Otto of Bavaria (1198- 
1215), who, though sprung from a Guelfic 
family, had incurred the hostility of toiocent ITT 
by his too strenuous advocacy of the rights of 
the Cajsar. Scarcely, however, was Frederic 
seated on his throne when dissensions arose 
between him and his foster-mother the Church. 
The ostensible ground for these dissensions — a 
real cause of quarrel between Pope and a Hohen- 
staufen could never be lacking — was the fact 
that, on the day after his election, Frederic, 
perhaps in a moment of enthusiasm, had assumed 
the Cross and taken a vow to deliver Jerusalem 
from the hands of the infidels. This obligation 
was solemnly urged upon him by successive 
popes, by the mild and good-tempered Honorius 
III. (121()~1227), and by the irascible old pontiff 
Gregory IX. (1227-1241), who, with octogenarian 
bitterness, launched the thunders of the Church 
dt his devoted head. 

A Strange Excommunication. It 

must be admitted that Frederic was ex- 
asperating in his behaviour with reference 
to this Crusade. He was always about to start 
in two years’ time, “ if only you will leave 
me onexcommunicated so long,” and always 
found something ^ do in crushing Norman 
baroiui or jpuelffo citizens, which, when the 


end of the two years came, made it impossible to 
leave Italy just then. When at last, in September, 
1227, he did set sail from Brindisi, a fatal sickness, 
the result no doubt of the neglect of sanitary 
precautions, broke out in fas army, carrying off 
some of the chiefs of the expedition, and attack- 
ing the emperor himself, whereupon he, not 
unnaturally, doffed his armour and returned 
to his palace in Sicily. The sickness seems to 
have been genuine, but the pope chose to con- 
sider it feigned, and hurled a furious bull of ex- 
communication at the offender. 

The Recovery of Jerusalem. There 
was evidently more of spite than of 
statesmanship in this proceeding, for when 
in the following year, 1228, Frederic in good 
earnest started for the Sixth Grusade, the ex- 
cummunication remained unrepealed. Every 
place at which he might land w as laid under an 
interdict, and this interdict was extended 
even to Jerusalem itself, w^hich Frederic, it must 
be confessed, by diplomacy rather than by 
arms, had recovered for Christendom. We have 
said that the wdiole condiujt of the pope at this 
crisis seems to have been dictated by passion 
rather than by policy. If the Crusade were to have 
any chance of success, it w'OvS essential that the 
Crusaders should bo of one heart and one mind, 
and should feel that they had with them the 
blessing of the Church. 

War to the Death with the Papacy. 

Moreover, Frederic, who had now taken for his 
second wdfe Yolando of Brienne, and in right 
of that marriage had assumed the title of King of 
Jenisalern, had reasons of his own for making 
the Crusade a real success, and should surely, 
from the narrow^est point of view of the papal 
interests, have been encouraged to spend as 
much of his strength as possible in the East, 
instead of returning to fight the cause of Ghibe- 
linism in Italy. That, liowwer, w'as what he 
actually did ; and the remaining twenty-one 
years of his life (1229-12.50) were one long and 
deadly duel with the popes, first with octogen- 
arian Gregory and then with a more subtle, but 
less reputable foe. Innocent IV. This pope, 
in his humbler capacity as Cardinal Fieschi, had 
been classed among the partisans of the empire, 
but when Frederic was congratulated on his 
elevation he answ'erod with too true a presenti- 
ment : “ I have lost a friend and not gained an 
ally. No Pope can ever be a Ghibeline.” 

How the Crosier Beat the Sword. 

After the death of Frederic, in 1250, and the 
short reign of his son, the Emperor Conrad IV., 
the young and brilliant Manfred was pro- 
claimed king of Sicily. An illegitimate son of 
Frederic II., he inherited many of his father’s 
attractive qualities and therewith the undying 
enmity of the papacy. Like Frederic, he lean^ 
much on the support of a military colony of Sara- 
cens established in the iortress of Lucera, w^se 
vast circuit of walls, resembling a greatly 
magnified Caernarvon Castle, may still m seen 
on a hill of Apulia. Under MiEUAfjm’s able giud^ 
mice the Ghibeline party in Italy was {ast rising 
ffifo domination, when the pope, Urban: JV.,: 
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who happened to be a Frenchman, took the 
fateful stop of inviting one of his countrymen. 

Charles of Anjou, brother of fSt. Louis, to enter 
Italy as the champion of the Guelfic cause and 
wrest the crown of Sicily from Manfred. He 
came ; he conquered his o])ponent on the 
desperately fought field of Beiievento on 
February 26th, 1260. The body of the excom- 
municated “ Sultan of J^ucera,” as the victor 
derisively called him, was buried in unconsc- 
crated ground. 

The Political Effect of the Rapier. 

The long duel between the Po})es and the Ho- 
henstaufen was ended ; the 
old priest’s crosier had 
beaten the young knight’s 
sword ; or, more literally, the 
victory seems to have been 
won by the rapier over the 
sabre. The French had re- 
cently introduced the former 
weapon, and while the Italian 
soldier was lifting his great 
broadsword for a down- 
stroke, the agile Frenchman 
thrust in his rapier’s point 
and let out the life of his 
antagonist. Here, too, vir- 
tually ended the battle be- 
tween the papacy and the 
empire. Kach will have other 
foes in the portion of history 
which lies next before us; but 
they will not be so directly 
pitted against one another 
as they have been for these 
two centuries. 

The Relations Be- 
tween Normandy and 
France. Wc have heard 
little of France or England 
from the time when the 
Norman Duke William seized 
the English crown, and pro- 
vided his descendants with 
a kingdom which was inde- 
pendent of the French prince 
to whom in the character of 
Duke of Normandy he owe<l 
allegiance. Now we remark 
that, until the end of the 

eleventh century, the French . 

king had been to all intents statue of richard i. outside the overlordship of Brittany, so 
and purposes merely one houses of parliament l^bat the whole western half of 



every scrap of territory to w'hich a legal claini 
could be pretended. 

The Plantagenet Heir to Half of 
France. Nevertheless, by the middle of 
the twelfth century or within a very few' 
years afterwards, one great feudatory had 
acquired, partly by inheritance and partly 

by marriage, counties and dukedoms which 
extended over a full half of France. On 
the death of William the Conqueror, Normandy 
was temporarily separated from the new' 
aeepHsition of England, one son taking the 

dukedom and another the kingdom. At the 
veiy beginning of the twelfth 
century, however, William’s 
third son, Henry I., having 
.•leized the English crown, 
ejected his elder brother 
Bobert from the Norman 
dukedom, and joined Nor- 
m.andy again to his own 
dominion. Both in his king 
<lom and in his dukedom 
Henry 1. was succeeded by 
his nephew’, Stephen of Bou- 
logne, whose elder brother, 
Tlieobald of Blois. deelinetl 
to assert his own claim. But 
Henry had a daughter, the 
widow' of the German emperor 
Hcuiry V., whom he married 
to another great French feuda- 
tory, (teotfrey of Anjou. The 
Empress Maud claimed the 
siu^cession for herself and for 
her son Henry. After civil 
wai‘ and anarchy had for 
some time raged in England, 
Stephen was allowed to retain 
|)Ossession of the crown and 
the dukedom till his death. 
In both he w as t hen succeeded 
by the son of the Empress, 
Henry IT., the hrst idan 
tagenet King of England, 
(’ount of Anjou as his father’s 
heir, who had also married 
Eleanor, the heiress of Aqui- 
taine, w'hich meant the whole 
south - w estern quarter of 
Franco. The dukedom of 
Normandy carried with it the 


nobleman among many, who 
recognised merely a formal sovereignty on 
his part, while there were, perhaps, half a 
dozen any one of whom could bring into the 
field an army as large as the king could muster 
Vinless his great feudatories chose to aid him. 
In fact, though the Duke of Normandy did 
homage to the king of France, ho was perhaps 
rather the more powerful of the two. But it was 
about this time that the French kings of the 
House of Capet began to encroach upon the 
power of • their feudatories, to play off one 
against the other, to appropriate to themselves 

isco - 


France, and something over, 
formed part of the Angevin or Plantagenet 
dominion, as wyll as the kingdom of England, for 
w hich Hen ry ow’ed no allegiance to the French king. 

The Rise of Public Spirit in England. 
The name of Henry is great in the annals of 
England. Under him it may be said that the 
fusion between Normans and English was 
completed, though there was still a French- 
speaking Norman aristocracy and still a class of 
purely English serfs. The great mass of what 
may bo called the minor baronage or gentry 
had English as w'oU as Norman blood in their 
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Veins in various proportions, and had come to elates ; further great additions were made 
regard themselves as English. Moreover, after during the ensuing century partly by the lapses 
the wild anarchy of Stephen’s reign, the great of fiefs without heirs, partly by the marriage 
nobles as well as the minor barons had learnt to of pi^jinces of the blood to heiresses of great 
desire the reign of law and order. A new sense of e.state8. By the end of the thirteenth century 
public spirit had been awakened. Hence, when the king and his immediate kinsmen held greater 
there wore outbreaks among the feudatories in estates than all the rest of the nobility put 
defiance of the crown, they were crushed with together ; and IMiilip the Handsome was turning 
unexpected ease, and Englishmen at large became greedy eyes upon what was still left to the King 
accustomed to range themselves on the side of of England in Aquitaine. 

law against any cncroa(?hmenls, whether on the The Emergence of Popular Rights 
part of the crown or of ])owerful nobles. This in England. In England, on the other 
progress of public spirit was made clear by the hand, it became increasingly clear during the 
steadiness of the country during the prolonged half century which followed the death of 
absence of Richard I., and still more in the reign King John first that the majority of the 
of King John, when the barons comjielled him barons great and small wished to be loyal 
to sign the Charter which was virtually a pro- to the crown, and were extremely reluctant 
nouncement that the king was to obey the law to challcMigc it in arms; but, on the other 
as well as everyone else. hand, that they were ready in the last 

From the European point of view, however, resort to ap])eal to arms, and that if they did so 
Henry of Anjou was a potentate of the first class, in the name of the law, to insi.st upon just 
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entirely irrespective of the fact that he was also 
Henry of Engluid. But just before Henry’s 
death the Frt.ach crown passed to the extremely 
astute and entirely unscrupulous Philip Augustus. 
Philip failed in his efforts to break the power of 
Richard I., but with John he was entirely 
successful, so much so that on various pretexts 
^of feudal law, backed by arms, he deprived the 
King of England of all his possessions in France, 
except the seaboard of Aquitaine, and only just 
failed to procure the deposition of John in 
England in favour of his own son Louis. 

The Supremacy of the French 
Kings in France. The French crown, too, 
was fortunate in Philip’s successors, both 
men of high character ; while the second, 
Louis IX., is one of the most universally 
and most deservei^y admired fibres in the 
whole of the Middle Ages. The forfeiture 
from King John vastly increased the royal 


administration in accordance with the law, the 
crown would be unable to crush them. But 
Simon de .Montfort showed, too, that the strength 
of the baronage Jay not in their action as an 
aristocracy, but in the maintenance of popular 
as well as baronial rights, and in the support- of 
the whole body of public opinion. That lesson 
was learnt by the prince who himself overthrew 
Earl Simon in the battle of Evesham. He as 
Edward I. made the crown itself the champion 
of the law, and permanently established the 
popular representation in the National Council 
(now called Parliament) which counterbalanced 
the tendency of the greater barons towards the 
substitution of a narrow oligarchy of birth for 
the supremacy of the crown. Edward himself 
was probably unconscious that by so doing he 
was paving the way for making not the crown 
nor the greater barons, but the Commons, the 
supreme power in the State, 
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14 A SURVEYOR’S DRAWING FOR THE LAYING OUT OF A NEW STREET 
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Plans and Estimates. Dedication as Public Highways. Setting out 
Footpaths. Paving Materials. Costs of Coi|struction and Maintenance. 

NEW STREETS & FOOTPATHS 


A street defined by the Public Health Act, 1875, 
“ and the Private Street Works Act, 1892, 
is a highway, bridge (not being a county 
bridge), road, lane, footway, square, court, alley, 
or passage, whether a thoroughfare or not. 

Highways under the Highway Act, 1835, mean 
all roads, carriageways, cartways, horseways, 
bridleways, footways, Ccauseways, churchways, 
and pavements. 

Requirements of Local Authorities. 

Section 150 of the Public Health Act, 1875, 
enacts that where any street within any urban 
district (not being a highway repairable by 
the inhabitants at large), or the carriageway, 
footway* or any other part of such street is not 
sewered, levelled, paved, metall(?d, flagged, 
channelled, and made good, or is not lighted to 
the satisfaction of the urban authority, such 
authority may, by notice addressed to the rcis pec - 
tive owners or occupiers of the premises fronting, 
adjoining, or abutting on such parts thereof as 
may require to bo sewered, levelled, paved, 
metalled, flaggc'd, or channsllcd, or bo lighted, 
require them to sewer, level, pave, metal, flag, 
channel, or make good, or to provide such proper 
means for lighting the same within a time to 
be specifled in such notice. 

• If such notice be not complied with, the urban 
authority may, if they think fit, execute the 
works mentioned or referred to therein, and may 
recover in a summary manner the expenses 
incurred by them in so doing from the owners in 
default, according to the frontage of their 
respective premises, and in such proportion as 
is settled by the engineer of the urban authority. 

Powers of Urban Authorities. An 
urban authority may adopt the Private Street 
Works Act, 1892, in place of sections 150, 151, 
and 162, of the Act of 1875. lender this Act, 
questions between the owners and the authority 
as to whether the street is one which can bo made 


up at the owner’ « expense, as to informality in 
the notices, otv , as to the sufficiency or reason- 
ableness of the works, and as to the apportion- 
ment of the expenses, are to be determined before 
the works are actually executed. 

^ This more recent enactment is that under 
^hich most of the private streets are now made 
oy their respective owners. 

The period usually allowed by the Local 
;Oovernment Board for the repayment of Loans 
ior Private Streets Works is from four to six 
yeariB. 


Plans, Sections, and Estimates. 

Before a local authority gives the owners notice 
to make up a street, their engineer must prepare 
plans and sections, should be on a scale of 

not less than 1 in, fornS ft. for a horizontal plan. 


and on a scale of not less than 1 in. for 10 ft. for 
a vortical section, such plans, with the estimate, 
being deposited in thocouncirs offices, and open 
at all reasonable hours while the notices run, for 
the inspection cf all persons interested therein. 

Before the preparation of such plans and 
sections, it will be necessary for the (jnginoor to 
make an accurate survey of the street or streets 
to bo made up. 

Each frontage is measured and entered in a 
book, those dimensions acting as a check to the 
jilotting of the various points taken from the 
offsets off the chain line. 

Plans should bo neatly and clearly drawn ; if 
the plans are on loose slieels, tlu^re should bo a 
title and scale on eacli sheet, and the date, with 
the name of tlio engineer clearly written in the 
right-hand corner. 

Details, such as manholes, ty])o of gully, 
paving, etc., should bo drawn to a largo scale, 
with figured dimensions. 

The Preliminary Survey. The plans 
and detailed section can bo prepared only after 
an accurate s\irvey of the streets.' The section 
sbonld show a horizontal “ datum lino,” and 
lines showing the “ formation level,” and 
“ finished j urfacte ” of the proposed works. 
Figures should also bo given on the datum lino 
for the horizontal distances, corresponding 
exactly with those on the plan, and the heights 
of the surface of the ground above datum require 
to bo markc»d at intervals, as well as the depths 
of the sowers with their cross-sectional dimen- 
sions and gradients distinctly marked upon thorn. 

A detailed estimate, showing particulars of the 
probable cost of the whole works, including a 
commission of 5 percent, (which is allowed under 
Sec. 9) in respect of surveys, superintendence, and 
notices, should be prepared and must include 
provision for soworing, levelling, paving, motal- 
fing, channelling, kerbing, making good, and 
providing proper means of lighting. 

Each street to be made up must be kept 
entirely distinct. Fig. 14 illustrates the laying 
out and making up of a now street ; Fig. 15 is 
the plan of a private street showing apportion- 
ments. * 

Apportioning Cost Among Owners. 

Under the Public Health Act, 1875, the principle 
adopted in making the a^ortionment is based 
on frontage only, but the Private Streets Works 
Act, 1892, gives the local authority power to 
decide whether the apportionment is to be made 
according to the frontage only or to take into 
account the degree of bienefit derived by any 
premises having access from the street, and the 
amount of work already done b^ any of the 
owners. Therefore, before the engineer proceeds 


IHaUDINO SURVEYINO, RAILWAYS; SHIPS. VEHICLES, MOTORS, & AVIATION 

1903 



QUOUP 8-CIVIL ENQINBKRINQ 

to prepare the provieioijyal apportionment, he 
must be clear on these points. 

The provisional apportionment should show 
the amounts charged on the respective premises, 
the names of the respective owners, or reputed 
owners, also whether the apportionment is made 
according to the frontage of the respective 
promises or not, the measurements of the front- 
ages, and the other considerations (if any) on 
which the apportionment is based. 

This work should be accurately done, as it 
must be remembered that the exact measure- 
ment of a frontage is usually known to the 
individual who owns the promises. 

Street Intersections. As regards the 
intersections of streets, the usual practice is to 
include the cost of the intersections of streets 
in the amount to be apportioned over the 
whole of the frontages in the same way as 
manholes, gullies, and lamps. 

The Metropolis Management Act, 1862, is the 
only Act expressly making the owners of houses 
and land in the street liable for the paving, etc., 
of intersections, and so it may be presumed that 
the omi*:^^!! of a similar provision in the Public 
Health Act, 1875, and Private Streets Works 
Act, 1892, was intentional. 

The engineer should allow a fair margin for 
contingencies, and his estimate should be high, 
rather than low, as he must bear in mind that 
his final apportionment must not be more than 
16 per cent, in excess of his estimate. 

Final Apportionment. The preparation 
of the final apportionment is the last duty that the 
engineer usually has to perform, and he should 
exercise care that the charges in his apportion- 
ment are for the works described in the notices 
served upon the ow^iers. It will not be per- 
mitted for him to lump the costs of a group of 
streets together, 
and apportion 
them amongst 
the ow^ners of 
all. An appor- 
tionment, if re- 
quiring to be 
corrected, should 
be laid before his 
council again. 

By the time 
the final appor- 
tionment is 
ready some pro- 
perty wall most 
probably have 
changed hands, 
and the engineer 
should bear in mind that it is his duty to make 
the necessary correction on the final apportion- 
ment, as the person upon whom the “ pro- 
visional ” notice was served cannot be made to 
pay if he has ceased to own the property, the 
charge being on the properties. 

Who Pays the Bill. By the Metropolis 
Management Acts, the costs of paving a new 
street under the compulsoiy powers of the 
Acts iy^ payable by the owners of the houses 
forming the street, and of the land bounding or 
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abutting on such street, and are to be appor- 
tioned by the vestry or district board of works. 

The engineer should note that the incumbent 
or any minister of any church, chapel, or place 
appropriated to public religious worship, which 
is by law exempt from rates for the relief of the 
poor, is not liable to any expenses in private 
streets works, as the owmer or occupier of such 
place, nor is any expense doomed to be a charge 
on such church, chapel, or burial ground. 

Repairs. The Public Health Amendment 
Act, 1907, provides that where repairs are re- 
quired in the case of any street, not being a 
highway repairable by the inhabitants at large, 
to obviate or remove danger to any passenger or 
vehicle in the street, the authority may give 
notice in writing to the owners of the lands and 
premises, fronting, adjoining, or abutting on the 
street, and may require the owners to execute, 
within a time to be specified in the notice, such 
repairs as are described in the notice. 

Street-Naming and House-Number- 
ing. The Towms Improvement Clauses Act, 
passed in 1847, gave pow'er to local authorities to 
cause names of at roots to be marked or painted 
on a conspicuous part of some house, building, 
or place, and also power to compel occupiers to 
ma»k their houses with ay)proved numbers. 

Names of streets should be marked up in such 
a way as to be legible both by day and night. 
The Jhiblic Health Amendment Act, 1907, gives 
the authority pow'er to paint or otherwise 
mark the name of a street on a conspicuous 
part of any building. The best description of 
Ftreet name-plates are white glazed china tiles, 
6 in. stjuaro, on which either blue or black lettem 
0 .re burnt in, one letter on each tile. These are 
fixed by chasing them into w alls of buildings, and 
setting in cement. 

Under the 
Public Health 
Amendment Act, 
1907, a local 
authority may, 
with the consent 
of two-thirds in 
number and 
value of the rate- 
payers in any 
street, alter the 
name of the 
street. The par- 
ties proposing to 
dedicate a new 
road laid out in 
rural districts as 
a public highway 
must give the engineer and surveyor of the local 
authority three months’ notice in writing of such 
intention, and further construct the same in a sub- 
stantial manner, and of the width required by the 
Act to the satisfeKifion of the surveyor and two 
justices who, on receiving such notice, shall view 
and certify the same, when, after being used 
by the public and kept^ir. repair by the said 
party for a period of ^ months, such road 
shall become a dedicated highway repairable 
by the inhabitants at large. 
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Under the Public Health Act, 1876, the local 
authority may by notice in writing declare a 
street to be a highway repairable by the in- 
habitants at large, after the works specified by 
them have been executed, provided that no such 
street shall become a highway so repairable if 
within one month after such notice the majority 
of the. owners of such streets object thereto. 

Under the Private 
Streets Works Act, 1892, 
a local authority may 
take over a street in a 
similar manner whenever 
all or any of the works 
specified by them have 
been executed. 

Setting out Foot- 
paths. The model 
by-laws made by the 
Local Government 
Board respecting new^ 
streets require that all 
footpaths of a street 
shall be of a width not less than one-sixth of the 
entire w'idth of the street. The following is an 
explanatory example of this requirement : 



Carriage Crossings. Wliere it is necessary 
to construct a ca*riage-way entrance across a 
path, vitrified bricks or' granite setts should hi 
laid on concrete [16]. 

The following clause is inserted in the Public 
Health Act, 1907 : 

The provision and upo of new means of access 
for any cattle, any beast of draught or burden, 
any w^aggon, cart, or 
other wheeled carriage 
exceeding four feet in 
width or two hundred- 
weight in weight, to 
or from any premises 
fronting, adjoining, or 
abutting on any street 
which has become a 
highway repairable by 
the inhabitants at large, 
may, w'here that pro- 
vision involves passage 
across or interference 
with any such part of 
comprises a kerbed or paved 
by the local authority 


PLAN SllOWINQ PRIVATE CABRTAGE ENTRANCE 
ACROSS A PUBLIC FOOTPATH 


1 Entire width of 

Widtfi of path i 

Width of 

1 atrect. 

on Hhie. 1 

carriaK*‘way. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

60 

0 

10 

0 

40 

0 

60 

0 

8 

4 

33 

4 

42 

0 

7 

0 

28 

0 

40 

0 * 

6 

8 

26 

8 

36 

0 

6 

0 

24 

0 


The slope (cross fall) from back edge of path 
towards the kerb to fall at the rate of one- half 
of an inch in every foot of width, if the foot- 
path be not paved, flagged, or asphalted, and 
lit the rate of not less than a quarter, and not 
more than one-half of an inch in every foot of 
width if the footway be paved, flagged or 
asphalted. Imexcavating to the required depth 
for paving the best method is to put wooden 
pegs so that the upper ends represent the finished 
surface, anti then to excavate to the required 
depth below the top of the pegs* 

In practice, paths are usually laid to the follow'- 
ing table, which, it will be observed, complies 
with the above requirements. 

Nature of Puviug. ( ros-i iior foot of wultli. 

AsphMt *1 »«• 

Bricks . . . . . • ■ * ? 

Cxincreic . . • • ' ’ t 

Gravel . . . • • • * • i 

Stone (artilicial and natural) . . i 
Tar . . • . • • * ’ / 

The height of the kerb or outer edge of the 
footpath, except in cases of crossings paved or 
otherwise formed for the use of foot passengers, 
shall be not less than 3 in. at the highest part of 
the channel, and not more than 7 in. at the 
lowest part of such chani|||^ . t i 

‘ The reason for this r^jmrement of the Local 
Government Board is that a height of less than 
3 in. would render it possible for vehicles to 
drive on to the tW^th, or for the water in the 
channel to overflHirit, and of more than 7 m. 
i^buld make it inconvenient for foot passengers. 


the street as 
footwuiy, be allowed 
on condition that the following conditions are 
observed : 

(a) Every person who intends to provide the new 
moans of access shall give notice in writing 
of his intention to the local authority, and 
shall at the same time submit, for tho 
approval of tho local authority, a plan 
showing tho position, gradient, and mode 
of construction of tho intended means of 
access ; 

(b) When tho plan, with or without amendment, 

has been approved by the local authority, 
tho person may, upon r(5c<'iving notice of 
their approval, proceed to execute tho 
necessary works, out those works shall bo 
executed under the supervision and to tho 
reasonable satisfaction of the local authority, 
and in accordance with the j)lan as ai)provtHl 
by the local authority ; 

(<*) After the completion of the works the new 
means of access may bo used, subject to the 
conditions which, in pursuance of any pro- 
visions of tho law relating to highways, 
attach to the use for the like purpose of any 
carriage way forming part of a highway 
repairable by the inhabitants at large. 

Asphalt. Asphalt is largely employed as 
a paving material for footways. It makes an 
excellent footpath, being durable, non-slippery, 
expeditiously laid, pleasant to walk upon, and 
not glaring to the eyes. 

Unfortunately, on account of what is technic- 
ally termed creBpiTig, it cannot be laid ou paths 
having a considerable inclination, or crocks 
occur with increase. 

Mastic asphalt is more commonly used upon 
footpaths than compressed asphalt; Asphalt, 
properly so called, is a natural compound of 
carbonate of lime and bitumen, and is found 
principally in volcanic areas, the proportion 
varying from 7 per cent, bitumen and 93 per 
cent, carbonate of lime to 20 per cent, bitumen 
and 80 per cent, carbonate of lime. Men of 
erudition have asserted that it was the pitch 
used to make the ark; watertight, and that it 
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was the slime used as a mortar in the construction 
of the Tower of Babel. 

Manufacture of Mastic Asphalt. 

The process of manufacture into a mastic o^ 
semi'liquid state is as follows : the pieces of 
raw rock, weighing cwt. to ^ cwt. each, are 
laced in an asphalt crusher, where they are 
roken into small pieces. After passing through 
the crusher, the asphalt is carried up by elevators 
to the disintegrators, which run at a speed of 
1,800 revolutions per minute, and is ground to 
a very fine powder. 

This powder is then put into specially-mado 
cauldrons, and gently boiled and worked by 
agitators with certain proportions of refined 
bitumen (added as a flux), and when heated 
to a temperature of about 400 F., a mix- 
ture of fine Bridport grit is added (in making 
mastic asphalt), and then roughly incorporated 
with the asphalt by the rotary working of the 
agitators. It is then turned out into iron 
moulds, forming the well-known cakes, which 
weigh about J cwt. each. These cakes are 
broken up into pieces on the site where the 
asphalt is to be laid, and placed into small 
portable cauldrons with just sufficient bitumen 
as flux, and, when properly heated, tlie asphalt 
mastic is ready to be spread over the cement 
concrete surface to the thickness required. It 
is then turned into iron moulds, forming the 
well known cakes, which weigh about 50 lb. 

Asphalt Laying. These cakes are usually 
sent by the manufacturers to the site where the 
paving is to be laid, and here they are remelted 
in small round street boilers on wheels with a 
fire under them, to which is added from 30 to 
40 per cent, of fine, clean, dry limestone grit. If 
silicious grit only can Iks ob.tainedr it should be 
as fine as sea sand. When ready • for use it 
should bo hot chough to vaporise a' drop of 
water. It is carried in pails, and spread, by 
means of wooden hand floats, over a prepared 
smooth foundation of 3 in. of concrete (6 to 1) 
previously allowed to dry. Silver sand is then 
spread sparingly over the surface and rubbed 
in by floats. In six hours the footway is ready 
for traflio. One ton of asphalt covers 30 sq. 
yd. when laid 1 in. thick, which is the usual 
thickness adopted for paths. The advantages 
of asphalt pavements are durability, a smooth 
surface unbroken by joints, a good foothold, even 
and regular wear, and an impervious character. 

Owing to the substitution of inferior material 
made from gas tar, Stockholm tar, hard pitch, 
and ground limestone mixed with bitumen as 
asphalt, it is essential that the asphalt to form 
the pavement should be specified to be composed 
of pure natural rock taken from the mines of the 
French (or other approved) Asphalt Company. 

\ Bricks. Blue brick-paving for footpaths 
is one of the oldest materials. Buff granite 
vitrified brick made solely from the fine granite 
clays of South Devon, have come into general use 
chiefly owing to their toughness, and their colour, 
which gives an improved appearance to the 
paving, presenting a very bright and pleasing 
effect when laid. Methoefs of laying bricks to 
various patterns are shown in 17. 
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The first essential is the right material, which 
-will produce a tough and hard brick, and this 
must be treated in a way to develop its best 
qualities and avoid the defects which in many 
instances have given paving-bricks a bad 
name. The firing must have the most careful 
attention, , or in this process the best of material 
treated by - the best methods will bo renderecl 
worthless for paving. 

Paving-bricks differ from ordinary bricks 
in that they are thinner, being only 2 in. thick, 
and are also harder and more compact. 

Concrete. By concrete or cement paving 
is meant the inch of fine stuff which is laid on a 
coarse concrete foundation. 

The use of confTcte, as a monolith, as a paving 
material for footpatlis, has made great progress 
during reecrit years, and in nearly every town 
in the United Kingdom, more or loss, concrete 
may now be seen as a pavement. It is one of 
the cheapest and most durable paths which 
can possibly bo formed. 

The following may be taken as a fair descrip- 
tion 'of the manner in which in situ concrete 
footpaths should bo constructed. 

Laying Concrete Footpaths. The 
foundation is excavated to a depth of about 
6 in. below the finished level, and a bed of gravel 
1 in. in thickness is then laid. A thickness of 
about 3 in. of clean hard stom? is next laid, and 
well watered and rolled. The footpath is then 
divided into bays 6 ft. in width with strips of 
soft wood, an tV each alternate bay completed 
by laying upon the stone foundation 2 in. of 
qarefully-prepared eoncreto composed of one 
part Portland cement, two parts coarse clean 
gravel, or other suitable material, passed 
through a I -in. screen, and two parts of clean, 
sharp sand, which must be well, beaten into 
place ; arid before it is set a finishing coat 1 in. 
in thickness of eoneretc, composed of one part 
Portland cement to two parts granite chippings, 
is added and brought up to the finished surface of 
the footpath, IxMiig well trowelled and smoothed 
into place. The strips of wood are removed as 
the work is finished. 

The concrete is thus laid in bays to allow for 
expansion and to prevent the surface from 
cracking or gaping open, which is liable on the 
changes of temperature on large exposed sur- 
faces. 

Laying Concrete Paving. In laying 
insitii concrete paving, the following points 
should be observed : 

(а) From October to March is an unsuitable 
time for laying, owing to the frosty weather. 

(б) It is better to avoid extreme heat, as the 
sun takes the moisture out of the upper 
face before the cement has time to set. 

(c) It is advisable that the ground should be 
wetted before i t jg laid, and the finished 
surface should b#protected by damp bags 
or planks for a week or two before being 
used for traffic. 

(d) Beach shingle is pr^^fsble to crushed 
granite, but the sand ^Isuld be carefully 
screened from the shingle. 
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PUin. 

* Herring bone* 
Petiei 



17. candy’s buff vitrified paving bricks, showing manner op laying 


One ton of Portland cement mixed in the 
proportion of 0 to 1 will cover on area of 42 
superficial yards, 0 in. thick. 

One cub’c yard mixed as above wjll require 
3J cwt. of cement, 9 cwt. of sand, 18 cwt. of 
gravel, and 40 gallons of water. 

Fourteen labourers mixing and laying concrete 
will complete about 135 superficial yards per 
day of 10 hours. 

’ Stuart*a Granolithic. Stuart's Gram- 
Xithic is one of the best known monolith ipavings. 
Granolithic is the name that was coinecl for the 
paving* by the inventor, who, knowing its great 
vahii$ and qualities, patented it throughout the 
world. 

The surface is indented by the use of a spiked 
roller, with a view of preventing slipperiness. 

poring 17 years, that a piece of this paving 
yftm laid in Lead^all Street, l^n^on, it yrm 
;e(^pated that 52,C^,000 people passed over it 


without any 
signs of wear 
being visible, 
and in 1892 
a test wa.s 
made of a 
portion of 
the said pav- 
ing, when 

1 sq. ft. was 
crushed at 
562*4 tons. 

Tlie paving 
consists of a 
layer of 
Thames bal- 
last concrete, 

2 in. thick, 
laid on a 
foxmdationof 
4 in. of clin- 
ker or brick 
rubVde. On 
the ballast 
concrete a 
layer of gran- 
ite concrete 
1 in. thick 
is laid, each 
layer being 
well worked 
so as to re- 
move cavi- 
ties. The 
surface of the 
last layer is 
trowelled to 
a fair face, 
which is then 
sanded and 
rolled. The 
concrete is 
laid and fin- 
ished off in 
])anels, and 
can be left 
either in grey 
or red colour. 

Gravel. Pebble pitching was much used 
in the earlier periods, and some portions still 
remain in old county towns. Gravel paths are 
only suitable for suburban districts. They must 
be well bottomed with dry rubble, well Gained 
and rolled. 

Hoggin from stone quarries, or gravel obtain- 
able from Sevenoaks or Croydon, is the best 
material for binding and forming a good sur- 
face. 

A good path for country roads and lanes, and 
one which is found to be# firmer and more 
comfortable to pedestrians than ordinary gravel 
and beach paths, is made to the following 
abbreviated specification : 

Foundation. Well formed and left loose. 

Bottom Layer. Four inches of chalk, brick 
rubble, coarse clinkers from furnaces, or iron clinkers 
from a local foundry, well watered and rolled, ‘ 

* Second Layer. Two inohea of fine ashes weU 
consolidated. 
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Top Layer (Finisljod «urfm o). One inch of finely- 
sifted ashes, *biirnt hricUdnst, oi’ rnaeadutniscd road 
siftiiijjs, well watered and r«>H<uI. 

Such a path will wear w(‘ll, but it is liable to a 
growth of vegetation. 

Artificial Stone. The manufacture of 
artificial stones is not altogether to be classed 
as a new art, for our forefathers made utm of 
lime burnt from cockles and other shells to mix 
with sand. A strong material was made from 
(frra puzzolana, imported from (Uvita Vecehia, 
and it w'as with (his that John vSmeaton 
e(>mented togidher the granite blocks of tlui 
Kddystone Lighthouse two centuries ago. As a 
I)aving material (he merits of Victoria stone 
cannot be surj)iisscd. It is composed of finely- 
crushed granite from (Jroby, in lAncestcrshire 
(washed by patent machinery), and I’ortland 
cement, carefully selected, and is manipulated 
and moukh^d, and 8ubse(|uently steeped in a 
patent solution of natural, soluble silica, by which 
it is hardened^ and rendered practically non- 
porous. 

The crystals of th<^ Leieestershin* granite are 
regular in character, being of moderate size, and 
widl cemented by a paste, which the analysis 
shows to be unusually free from destructive 
alkalin<‘ ingredients. 'Hie small size of the pieces 
of granite ufW'd in this manufacture renders the 
presence of the alkalies practically innoxious, 
l>ecause th<* artificial eennuit used surrounds 
these ])ioces with a ])rotec(ive coating, and pre- 
vents tlm possibility of any dissolving action by 
the air or moisture. 

Making Artificial Stone. S ample lots 
of Portland cement are taken and made into 
bricpiettes, having a breaking surface of 1 »{{. in. 
These bricpiettes are exjiosc'cl to the air for 24 
hours and then immersed in water, where* thc'V 
remain for six days, wlu'n they are testt*d by a 
double-lever testing macOiine. 

The aggregate and ecunent, lia\ing become in a 
inaiiiKU’ guaranteed by the treatment and pre- 
cautions (leseribe.d, are mixed together in a dry 
state by machinery, and the Avater is then added 
in a careful manner, so as to avoid the danger of 
washing out any of the line and more soluble 
portions of the cement; and before any initial 
s(‘t of crude eoncrete niixtjire can arise it is put 
into the moulds, in w4iicli it is carefully Avorked, 
in ordi i- to fill up the angles and sides, thus 
ensuring accurate arrises all round. Aft(*r luuung 
remained in the moulds a sutlieient length of 
time, tlu^y are taken to the tank in tlu^ silieating 
yard (protected from the AA'catlier), and covered 
by the .silicate solution, AAdiere llu-y remain until 
the proper bcn<4icial properties have been 
inijiarled. 

'rhe ma^dunory refpiired for the conversion of 
the crude* silica into silicate is of a special charac- 
ter. Tlie caustic soda is obtained from tbe best- 
f^ources and of the purest cpiality, because the 
presenct) of sulphur, Avhich sometimes exists in 
carele.ssly manufaetured soda, has a most pre- 
judicial influenco on the silicate. 

The slabs, after being taken from the tanks, 
arc stacked in the yard, whert^ they remain to 
si'ason, and are taken aAvay in order "of their age. 


Varieties of Artificial Stone Slabs. 

Paving slabs are made of various sizes and 
thicknesses; those of 2 in. Aveigh 25 to 2(1 lb. the 
foot super, and are convenient to handle. 

Street corners are made AA'ith patent slabs 
moulded to radiating and other rectangular 
shapes to lit the radius, and the difficulties and 
waste attending cutting the stone at random are 
avoided [ig]. 

The graniti' uscid for the Imperial slabs is a 
mixture of Aberdeen, Guernsey, and Guenast 
(Pelgium). 

The Adamint slabs arc composed of finely- 
crushed Aberdec'n granite and Portland cement. 
Other artificial stone .slabs are composed of 
finely- broken granite York stone chippings from 
stone slag and destructor cjlinkers mixed very 
accurately Avith Portland cement and subjected 
to different proeess(is. Municipal authorities 
larg(*ly manufacture their oAvn artificial slabs by 
the use of hydraulic artificial stone pres.ses, and 
Avith a staff of (lireo men an average of .‘15 slabs, 
measuring .‘1 ft. by 2 ft., can be manufactured in 
an ordinary w'orking day. 

Laying Artificial Slabs. ISrueh de- 
pends on the AAfiy in whl(*h such slal)s an* laid. 
Ik'fore laying, the area to be ])av(;d should Ik* 
excavated, or tilled in with good dry mat(‘rial 
AA(*11 rammed, as may be re<}uired to suit the 
intendetl 1cah^*1s of the path. On this a layer of 
])()(»!• hydraulic Jim(‘-mor(ar is spread, on which 
the .slabs are Avell and truly beclded. The slabs 
should l)(‘ of such dimc'nsious as to break joint 
Avhen kiid |18]. (We should be taken to alloAV 
betAveen tlu* paving and building a little syiace 
(say. \ in.), Avliich should Ix^ filled in witli sand, 
si) as to allow for any disturbance of tlu* ground 
eau.sed by frost. When laid, the slabs should be 
run in Avitlj grout made from mortar similar to 
that used for b(‘dding. 

Wju‘re tin* natural ground is of clay or chalk it 
is advisal)l(5 to put in a laytu* of ashes or broken 
clinkers. to 4 in. in deptli, to form a dry 
foundation under the slabs. 

The p(*rcentage of material broken or crack(*d 
in lifting and relaying over pipe trenches is found 
to lx? great(*r Avith artificial stone than Avitli 
natural stone, 'riiis is partly aeeounied for by 
the close* joints of the artificial slabs and the 
brittle nature of concrete. Tlu^ aver*agc Avaste 
in artificial stone is estimated at about 3 per 
cent., but this depends very larg(*ly on the manner 
of bedding and jointing, and on tlui care used in 
laying, lifting, and relaying. 

Wear of Artificial Stone. Artificial 
slabs are not found to be more injuriously 
.alfeet(^d than natural stone ])y severe frost, fuid 
for busy sti\*ets this paving is pushing in situ 
concrete paving out of the field, owang to the 
practicability of lifting and replacing Avhen 
electric light, gas, or Avater trenches have to bo 
taken under the paA'criK'nt. 

The period allow^od by the Local Government 
Bf>ard for repayment of loans for artificial pave- 
ment seems now to bo about the same as that 
for natural stone. Formerly a shorter period for 
repayment )vas given, but this doubtless depends 
upon the special circumstances in each case. 
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Natural Stone. For many generations 
York stone flagging was regarded as the criterion 
material for footpaths. Without doubt it is the 
most comfortable to w^alk upon. 

York stones of 3 in. thickness, after being laid 
for twenty-five years in Kensington, where a 
large quantity of this stone is laid, were taken 
up, refaced, resquared, and relaid in a subsidiary 
street, wdiere they are likely to last another 
fifteen years, and the best of it can then be 
worked into narrow strips for path edging round 
public parks and pleasure grounds, the remainder 
coming in useful for road foundation. 

It w ill thus be seen that York has several liv(‘S. 
J.azonby (Cumberland) flags have been in use in 
('arlisle from time immemorial ; they are very 
durable, and wdien laid on a good foundation, on 
a 1-in. bed of good mortar, have been known to 
wear evenly dow'ri from 3 in. to 1^’ in. in thick- 
ness ; but it is very difficult to get these Hags of 
the same (piality as thirty yeai*s ago, though 
whole mountains have been rooterl into. (Caith- 
ness (Scotland) flags are the other only natural 
stone to compete with York. It has been 
ascertained that the resistance to a gradually 
increased bending stress between York and 
Caithness flagging is in favour of the latter. 

In the West of 
England the De- 
vonian limestone 
flagging is much 
used. 

The foundation 
for flags should 
be good. Hard 
cor<^ is that most 
g e 11 e r a 1 1 y em- 
ployed, and, owing 
to the uneven sur- 
facre of all flags, it 
i s necessary i o 
bed on sand. The 
joints should be 
set flush, and each 
stone ])ointed in 
])roperly m i x e d 
blue lias mortar. 

Tar. T a r - 
paved footpaths 
are undoubtedly 
the most popular 
formation where 
the traffic is not 
too heavy, and the 
manufacture and 
laying of this class 
of paving deserves 
much more atten- 
tion at tlio hands 
of local authoriti(*s I 
and their engineers i 
than is generally ! 
bestowed on tlicm. 

Man ufacturera 
of tar paving will 
as a general rule 
supply and lay 
their own mixture. 


roll and leave in a satisfactory condition, giving 
a w'ritten guarantee for five years. 

Making Tar Paving. In manufacturing 
tar paving tht> common practice i.s to heat the- 
stone (Kentish ragstone, Derbyshire liimvstone, 
chippings or gravel) proposed to J)e. used in a 
heap or clamp, the clamp being tired at the 
bottom, and coke breeze or small coke being 
mixed with the stone. When the fircr is e.xhausted 
the clam]) is allowed to remain for a few days 
wdiile it cools, and the lieat gets more uniformly 
di.stributed. 

Another |)racticc is to heat the stone on a hot 
hearth, on w Inch the stom* can be raised to such 
a tem])eratiire that it will absorb as mncli tar jus 
]) ossib\e without ignition. Hot tar is added to 
the heated stone, and the same turned over with 
hot shovels until all parts of the stone are w^ell 
coated. 'Par paving thus made should be stored 
for at least three* months before being used. In 
storing, care should be taken to keep it as free as 
possible from damp. 

Tar paving is im})rove(l if kept for a year or 
two, although the* nature of the tar, to all 
appearance's, has elisa])])eaie?d. Tt. can be fresheneel 
with a little reflinenl tar before bedng us(*el. 
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Foundation for Tar Paving. The 

stones used should be of uniform size, machine 
broken, and screened ; those for the bottom 
layer should not exceed 1 in. in diameter, and all 
the stones used should be retained on a sieve 
of f in. mesh. The stones for the top layer 
should pass t4irough a sieve having {} in. mesh, 
and be retainexl on a sieve of J in. mesh. 

The ground of the arcja prnj)osed to be tar 
paved should be lev(*lled, allowing for a fall of 
not less than 1 in. in ‘I feet. 

Tlie foundivtion on which the lar j)aving is to 
be laid should be composed of brokem brick, 
ashes, or other similar luard <;ore, not less than 
3 in. in thickness, and well rolled until solid, with 
a fairly smooth and level surface. In situations 
where there is an existing foundation of gravel 
or other suitable material, this re((iiires to be 
levelled only to falls as mentioned above for 
“ ground -work,” and well rolle<l ; all soft places 
excavated and made good with suitable hard 
core, as previously specified for new foundations. 

Laying Tar Paving. The tar paving should 
he laid in two coats, each coat being separately 
well rolled w ith a roller Aveighing not less than 12 
cwt. The bottom coat should consist of material 
of in. gauge, an<l the top coat of mat erial of J in. 
gauge. The surface, when being finished, ought 
to be .sprinkled Avitb white Derbyshire spar of 
I in. gauge, and before final rolling, dusted over 
with finely screened spar or limestone dust, to 
leave anvhite smooth surface on eompletion. 


The thickness of the work should vary accortf- 
ing to the traffic for Avhich it is intended, and 
should generally agree w'ith those giA^en beloAv 
for tlie various purposes mentioned — namely : 

Paths (with ordinartj traffic). 

Work to be laid 2^ in. thick. 

Bottom coat in. thick, of li in. gauge 
material. 

'Fop coat J in. thick, of in. gauge materical. 

1’aths {u?ith light traffic). 

Work to be laid 2 in. thick. 

Bottom coat U in. thick, of 1} in. gauge 
materials. 

Top coat I in. thick, of in. gauge material. 

Tarring and sanding (or, as it is termed, 
“dressing”) the surface of tar paths should bo 
done during dry Aveatber, the first summer after 
the tar paving is laid, and afterAvards triennially. 

The tar used for this purpose should be Avcll 
seasoned, or roiined tar, boated in a caldron, 
with a little ]>itc‘b. After the surface of the path 
is swept clean, and the hot tar well rubbed in, 
a layer of dry sharp sand, about thick, is 

sprea<l on the tar so as to keep it from adhering 
to pedestrians' feet. This sand Avorks into the 
tar, .and forms .a thin coating, Avhich })rcscrves 
the life of the path considerably. 

Tar pavements must not be compared v\ith 
asphalt or paved paths, but only looked upon us 
a substitute. 

A. TAYLOIl ALLEN 
Ttoatl^ concluded 
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From Dr. Johnson to Adam Smith. Writings of Burke and 
Gibbon. The Secret of Style. Letters of Lord Chesterfield. 

EIGHTEENTH CENTURY PROSE 


Dr. Johnson. Samuel Johnson (b. 1701); 
d. 1784), poet, essayist, dramatist, biographer, 
critic, novelist, lexicographer, and the “ great 
Cham ” of English literature, cannot be con- 
sidered here in relation to his unrivalled position 
as a great and wise t alker. There is only one way 
of realising Johnson’ s greatiu'ss : by mastering 
Boswell’s biography. As to his influence on 
prose literature, Macaulay says : “His constant 
practice of padding out a sentence with useless 
epithets till it became as st iff as I Ik? bust of 
an exquisite ; his antithetical forms of expres- 
sion, constantly employed even where there is 
no opposition in the ideas expressed ; his big 
words wasted on little things ; his harsh inver- 
sions, so widely different from those graceful 
and easy invaa’sions which give variety, spirit, 
and swet?tness to t)u? expression of our great old 
writers — all these peculiariti(‘s have b(‘en imi- 
tated by his admirers, and parodied by his assail- 
ants, till the public has become sick of the 
subject.” 

(libbon, the historian of Homan decadence, 
lived to write ; Johnson, an infinitely greater 
man, wrote to live. Today. Johnson's ” .l..ives 
of the Poets ” are read .more, perhaps, than 
anything he wrot(% but not for the accuracy 
of their data or their infallibility of judgment. 
They disclose to us not fine literaiy instinct 
so much as fine human sympathy. ITis prose 
tale of “ Itasselas, Prince of Abyssinia,” written 
to defray the cost of his mother’s funeral, has 
h<^eii aptly d(?scribed as a prose version of his 
poem on “ The Vanity of Human Wishes.” His 
great ” J^ictionary ” was the first of its kind. It 
stands almost alone as the woi’k of one man. 
Its value and influence have been great; and 
even today, except for its weakness on the sidt* 
of etymology, a weakness due to the fact that 
.Johnson’s Batin learning was not approached by 
his knowledge of Anglo-Saxon, it is a standard 
book of ref(?rence. The ordinary reader should 
have some accpiaintance with the “ Lives of the 
Poets;” and “Rasselas” he is not likely to miss. 
For tl:c rest, to know this grand old character 
in Boswell’s biography is, as it was to love 
” Aspasia,” ‘a liberal education.” 

Oliver Goldsmith. The friendship between 
Steele and Addison was not grt^ater than that 
between Johnson and Oijver Goldsmith 
(b. 1728; d. 1774). But no great<T contrast 
could be imagined than that afforded by the 
writings of the two men. ” In prose style, as in 
poetic,” says Mr. Gosse, ” it is noticeable that 
Gtoldsmith has little in common with his great 
contemporaries, with their splendid burst of 
rhetoric and Latin pomp of speech, but that he 
goes back to the perfect plainness and simple 


grace of the Queen Anno men. He aims at a 
straightforward effect of patlios or of humour, 
accompanied, as a rule, with a colloquial ease* 
of expression, an apparent absence of all effort 
or c^alculation.” Goldsmith’s pros(‘ approximates 
to that of Addison. The best examples of it are to 
be found in his Gitiwn of the World ” and the 
“ Vicar of Wakefield.” The first-named work 
consists of a s(Ties of letters sujiposed to have 
been wu*itton by a Chinaman resident in London, 
Tvho was jotting down liis ex])eriences for the 
benefit of his fri(‘nds in the Far East. The idea 
was not original, and it has since been imitated 
bj*^ innumerable waiters, but the delightful wit 
and humour of Goldsmith's work have never 
been excelled. Ninety-eight of the letters 
ap])eared in the pt'riodical called the “ Public 
T.,edger” in 1700. Twi‘nty-five more wen* add(?d 
when th(‘ letters wen? printed in volume form in 
1702. The “Vicar of Wakefield,'’ Goldsmith’s 
chief prose work, must be considered in its rela- 
tion to the history of the English novel, which 
forms the most important part of our future? study. 

Historians and Philosophers. A 
number of historians, philosophers, theologians, 
and (‘ssayists must now be dismissed with the? 
briefest possible mention. 

Anthonv Ashi.ey CoorKR, third Earl of 
Shaftesbury (b. 1671 ; d. 1713), wrote a volume 
entitled “ (’haracteristics of Men, Manners, 
Opinions, Times.” The views eximunded in it 
influenced the Scottish philosopher Hutcheson, 
attracted attention on the Continent, and found 
reflection in Poi)e's “ Essay on Man.” Henry 
St. .John, first V’^iscount Bolingbroko (b. 1678; 
d. 17.51), occupied himself with that side of 
philosophy affected by Shaftesbury, but is better 
known as a statesman. George T)erkeley, 
Bishop of Cloyiic (b. 1685 ; d. 1753), was a man 
whose life, apart from his writings, is full of 
interest. As a philosopher he aimed at the over- 
throw of materialism. Ho was an acute and 
original thinker, posses.s(*d a style of great force 
end elegance, and he is one of onr most accom- 
plished writers of dialogue. .Jo.seph Butler, 
Bishop of T^urham (b. 1692 ; d. 1752), was the? 
author of a work on the “ Analogy of Religion, 
Natural and Revealed, to the (’‘onstitution and 
Course of Natun*,” which won for him the name 
of “ The Bacon of Theology,” and remains a 
standard work in it.s own department of inquiry. 
David Hume (b. 1711; d. 1776) was distiii- 
guishe<l as an essayist, a philosopher, and a 
hi.storian. Possessing wonderful clearness of 
nK?ntal vision, his style is marked by exceptional 
lucidity. An opponent of popular government, 
he was yet the first of our writers to recognise 
the importance of the social and scientific as 
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well as iho constitutional and ])olitical factors 
in the making of history. His influence as 
a philosopher was not inconsiderable in 
Scotland and Germany. The Kev. William 
Robertson (b. 1721 ; d. J70.3) was a pains- 
taking historian of “ Scotland/’ “ Charles V./’ 
and “ America.” 

Gibbon's Great WorK. Edward (iiBBON 
<b. 1737 ; d. 1794) dedicated the best part of 
his life to the writing of his monumental liistory 
of “ The Decline and Fall of the Homan 
Empire,” and has been dc'seribed as the one 
historian of his tiim* “ whom modern research 
has neither set aside nor thn'ateiied to set 
aside.” The magnitude of his subject ” is nobly 
sustained by the dignity of the treatment. The 
glowing imagination of the writer gives life and 
vigour to his rounded periods and to the stalely 
and pompous march of his narrative. J^n’haps 
his unique merit is his supreme and almost 
epic poW(n’ of moulding into a lucid unity a 
bewildering multitude of details, and giving life 
and sequence to the whole.” Gibbon's great 
work, begun in 1708, was completed in 1788. 
'riie following brief passage, referring to the 
foundation of Constantino])le. ilhistrates some of 
the chic*f features of the historian's style : 

‘‘ The prospect of beauty, of safety, and of 
wealth united in a single spot was suflicient to 
justify lh(* ehoicc of Gonstaiitine. Hut us some 
mixtur(‘ of prodigy and fable has in every age 
been supposcnl to reflect a becoming majesty on 
the origin of great citi(‘s, the Kmperor was 
desirous of ascribing his resolution not so much to 
the uncertain councils of human policy as to the 
(‘ternal and infallible d(‘crees of Divines wisdom. 
In one of bis laws he had been car(‘fn1 to instruct 
post<Titv that in obediema* to the commands 
of (hid be laid the <'verlasting foundations of 
Gonstantino])le ; and though he has not con- 
descended to ndato in wliat inanncr the celestial 
inspiration was eonnnunicatecl to his mind, .the 
d(‘f(!et of his modest silenca* has h(‘c]i libcually 
supplied by the ingeiuiitv of suceet'ding writers, 
who describe the co-cterual vision which ai)poared 
to th(^ fancy of (’onstantine as he slept within 
the walls of Byzantium.'’ The Decline and 
Fall ” is one of the inevitable it(‘ins in any 
list (jf books to read.'’ 

Burhe's Command of Prose, Edmvnd 
Burke (b. 1729 ; d. 1797) was. like Bolingbroke, 
a statesman and orator as w’(‘ll as aji author. 
Matlh(‘W' Arnold has described Burke as the 
great(‘st master of English ])rose styh^ that 
ever lived. Mr. (h)ss<* says : ” Xotw’ithstand- 

ing all its magniticcricc, it apjjears to me that 
the pros(‘ of Burkin lacks the variety, the 
deli(;aey, the modulated music of the very finest 
writfTS. . . . The greatest of English prose 

writers, w(‘ may be sure, would be found to have 
some command over laughter and tears, but 
Burke has none. . . .In short, the jirose of 
Burke may be felt to be the liuest expn*ssion of 
a particular phase of the eighteenth century 
mind — a phase from which all thi* coarse fibre of 
(he Renaissance, to its very last iilament, had 
been extracted, wh«‘rc all is civilised, earnest, 

1912 


competent, and refined, but where the imagina- 
tion is almost too completely under con^h” 

Apart from his speeches, Burke’s principal prose 
works are : “A Vindication of Natural Society,” 
wTitten to ridicule Bolingbroke’ s views on reli- 
gion ; an ” Inquiry into the Sublime and the 
Beautiful,” and ” Reflectibns on the Revolu- 
tion in France” (1788). In the last-named 
wrork Buike set forth with much impressiveness 
lus view that constitutional government, not 
revolution, was the true remedy for the troubles 
of the Fnuich nation. Here is a striking extract : 

Specimen of Burke's Writing. '' It 
is now' sixteen or seventeen years since I saw 
the (^.uecri of Eraiice, then the Dauphiness, 
at Versailles ; and surely never lighted on this 
orb, which slu* hardly s(*emed to touch, a more 
deliglflful vision. I saw her just above the 
horizon, decorating and cheering th(‘ elevated 
sphere sht? had just begun to move in — glittering 
like the morning star, full of life and siilendour 
ami joy. Oh ! what a revolution ! And what 
a heart must 1 have to eontemplato without 
emotion that elevation and that fall.! Little 
did 1 dream, W'hen she added titles of veneration 
to those of enthusiastic, distant, respectful 
love, that she should (^ver be oblig(?d to (airry 
the sharp antidote against disgracio couceah‘tl 
in that bosom. Little did 1 dream that I should 
})av(* liv(‘d to see such disasters fallen u])on her 
in a nation of gallant men, in a nation of men of 
honour and of cavaliers. I thought tvn thousand 
swords must have lea^ied from tht'ir scabbards 
to avenge vwn a look that threatened her with 
insult. But the age of eliivalry is gone. That of 
so])hist<‘rs, (*conomists, and calculators has suc- 
ceeded, and the glory of Europe) is extinguished 
for ever. never more shall we Ixdiold that 

generous loyalty to rank and st‘X, that jiroud 
submission, that dignifled ohedienee, that sid)- 
ordination of the heart which ke'pt alive, even 
in servitude itself, the spirit of an exalted 
fri'edoin. The* unbought grace of life, the chie4 
flefe*ne !0 eif nations, the* nurse) of manly s(‘ntinient 
and heroic enterprise*, is gone 1 It is gone* — that 
s(*nsibility of ])rinei|)le, tliat chastity of honour, 
W'hie'h fedt a stain like a wemnd, W’hieh inspireel 
courage whilst it mitigated ferocity, which 
e*nnohle*el whatever’ it touclu‘d, and under which 
vice*, itself lust half its evil by losing all its 
grossness,'’ 

Importance of Studying Burke. Of 

all the (*ighieenth century writers, pcrha])s Burke 
is the one w'hom Hie student can least afford 
to neglect. Dc Quince*y, who W'as no hasty 
e*ulogist, considered him the su]iremo writ(*r of 
his time. Whe‘ther that judgment can be entirely 
justified it is not easy to show, unless we could 
('liter at much greater dc'fail into comparisons 
between Burke and his contemporaries ; but the 
fact remains that for much that makes for true 
citizenship as well as for the literary graces 
the student must have recourse to the works of 
Edmund Burke - his speeches not less than his 
writings. He helps us marvellously to a clear 
understanding of the public life of our country, 
though he may not always convince us. 
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We must not bo content, however, with • 
knowing Burke in “The Sublime and the 
Beautiful ” ; his “ Reflections on the Revolution 
in France,” though far hiss known to the ordinary 
reader, is even more worthy of study, and his 
speeches present a rich field whence we may 
glean knowledge of life and wisdom. 

Horace Walpole and Adam Smith. 

Hokace Walpole, fourth Earl of Orf ord ( b. 1 7 1 7 ; 
d. 1797), set up a private press, whence he issued 
“ A Catalogue of lioyal and Noble Authors." 
He also wrote “ Anecdottis of i*ainting in 
England ; ” a tragedv, “ The Mysterious Mother," 
and a romance entitfed “ The Castle of Otranto." 
He l(‘ft nearly 3000 letters and a ‘‘ History of 
the Last Ten Years of the Reign of George 11." 
Walpole possessed a brilliant style, whi(^h will 
serve to keep his works alive and render his h'tters 
readable indepemh'ntly of their historical value. 

Adam Smith (b. 1723 ; d. 1790) wrote a w-'ork 
entitled " The Wefilth of Nations,” which origin- 
ated the study of “ political economy " as a. 
distinct branch of science, inspirc'd a world-w'ide 
interest in the source's of w<‘alth, and W'as respon- 
sible for the rise of the the'ory of hVee Trade. 
“The Wealth of Nations" is a book that may still 
be studied witli pleasure and ])rofit. It affords an 
example of the w^cy in which a “ dry " subject may 
be treated so as to a]>peal to the jiopiilar mind. 

We hav(^ now h'arned enough to realise^ that 
the study of Englisli j^rose* must be pursued 
on lines ditferent from those on which we under 
took th(* study of Knglish poetry; whereas 
pot'try is universally the voi(te of iiispiratiou, 
pros(^ in its dev(*lopinent departs from the sphere 
of literature' proper. Sonu'tinu's retaining but 
frequently losing its claim as literature', it 
become's in turn the' se'rvant of theology, the' 
handmaid of history, the medium of science, the* 
channel of phiIoso[)hy essential alike to ivligious 
and atheistical ])ropagnnela, to ])raetical and le) 
theoretical enels. 

A Parting of the Ways. At the beginning 
of the' eiglitcentb e^Titury the stuek'nt stanels at 
a parting e^f the ways. Ife* has to distinguish 
be'tween what is proses literature and what is 
not. Te) a eeitain ('xte'iit the answer will 
elepend upon his own bent or " humour." 
But ho still has te) asce'rtain why and when and 
by whom particular be)oks were writte'n. He 
must learn not only the history of those books, 
but become .icapiaintt'el with their relationshi])s — 
their ])os! ion in re'gard to the Ire'atinent by oUhts 
of the subje'cts with whieb tlu'y de*al-- before he 
is able to satisfy himse'lf as to their value*. A 
French boeik e)f seie'ntific, tlu'e^logical, historical, 
or philosoi)hical importaneu' is usually of literary 
importance also. The nde in France is, however, 
the exce'ption in England. 

We must strongly urge the advisability of som<^ 
study of the political and social dcvelo])meiits of 
which particular books were either a cause or an 
outcome. 

The Secret of Style. Charm and dis- 
tinction of style are peculiarly oharacteri.sti(; 
of our eightet'nth ct*ntury prose*. The century 
“found hlnglish prose antiquated, amorphous. 


without a standard of form ; it left it a finisht d 
thing, the completed body for which," as Mr. 
Gosse says, “ subsequent ages could do no mons 
than weave successive* robes of oniament and 
fashion." Style, how'(*ver, imf)lies something 
more than precision of form. (Tood style 
is inseparable from appropriateness of diction. 
For example, the great writer does not ai)proach 
great themes with a siring of light colloquial 
sentences, any more than one would appear 
at a funeral attired in fancy drc'ss. To appn^ciati' 
.style one must bring to it a knowh'dge of 
grammatical rules. But grammar is not all. 
Ideas are not all. The secret of style lies in the 
character of the man behind the w'riting. For 
this reason, wdiile we can but admire the iinished 
grace of a. Ghestertield, Johnson, with all his 
In'aviness, eompc'ls our affection. 

Eighteenth Century Characteristics. 
Tho wuder our knowledge of the literature of 
this period grows, the ek'arer shall w'c see the* 
injustice of the coinnion indictment (»f Hu? age 
as one of shams and staitiment. A])art from 
the influenec' of Johnson, the agi* of Berkcky 
and Wesley and WhitelitOd cannot trutlffully be 
describetl as devoid of healthy enthusiasm or 
activity. It was the age of our great historians. 
It w'as adornc'd by sonn* of our greatest philo- 
sophers and kec'uest critics. Jf it questioned 
the bases of n'ligiori, it quiekent'd both faith and 
good works. 

Paiglish writc'rs of this notal)le period 
influencc'd ContiiK'utal thought more, perhaps, 
than cbul th(* wril(‘rs of any other ])eriod of our 
history. Kightec'ulh ('(‘utury England, as w'e 
hav'o already sci'ii, discoviTcd Shakespeare before 
the Germans. It standardised tlie ('ssay, sowed 
the seeds of modern Nature-study and moden, 
eheinistry, gavi* birth to our tirst great novel, 
lakl the foiiudations of our periodical literature, 
stood sponsor to the beginnings of daily 
journalism, and crushed the systt'in of litt'rary 
patronage, ft was tin* age. also, of j)()litieal 
<‘Corioiny and of jujblie elotpieiu i'. 

Chesterfield’s *• Letters to His Son.” 
Tin* eighteenth ec*ntiirv is also rieh in its letters. 
The correspondenee of Horace Walpole has 
been already rderrc'd to. Philip Hormer 
Stanhope, fourth Karl of (’hestertield (b. 1(>94; 
d. 1773), was a statesman and wit who is 
remem b('retl today eliii lly for his Letters to 
His Son." Given to llu* world in 1774 by the 
son's widow', thes(* letters were* dt'seribed by 
Johnson as displaying the morals of a courtesan 
and th(^ maiineis of a dancing-master. They 
argue, nevertluOess, dt'spite their w'orldliness, a 
sincere solicitudes for the w'clfare of the son to 
wdioin they wth* addressed. A great French 
critic. Saint c;-B(‘Uve, has said of tlu'in : “ If 

Horace had a. son, 1 imagine that he w^ould address 
him in this way, and no other." Hero is a 
rejM'esemtativc example of Ghestertield* s style : 

” Style is the dre^ss of thoughts ; and let them 
bo ever so just, if your style is homely, coarse, 
and vulgar, they will appear to as mueb disad- 
vantage, and be as ill-received as your person, 
though ever so well proportioned, would, if 
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dressed in rags, dirt, and tatters. It is not 
every understanding that can judge of matter, 
but every ear can and docs judge more or less 
of style ; and were I either to speak or write 
to the public, I should prefer moderate matter, 
adonied with all the beauties and elegancies 
of style, to the strongest matter in the world, 
ill-worded and ill -delivered. ... A person 
in the 1 louse of CVuuraons, speaking two years 
ago upon naval allairs, asserted that we had 
then the finest navy u'pon the fare of the earth. 
This happy mixture of blunder and vulgarism, 
you may easily imagine, was matter of immediate 
ridicule ; but 1 can assure you that it continues 
so still, and will be remembered as long as he 
lives and speaks. Another, speaking in defence 
of a gentleman upon whom a censure was moved, 
happily said that Jic thought that gentleman was 
more liable to be thanked and rewarded than 
censured. You know', 1 presume, that liable 
can never be used in a good sense. 

“ You have with you three or four of the beat 
English authors, Dryden, Atterbury, and Sw'ift ; 
read them with the utmost care, and wuth a 
particular view to their language, and they may 
possibly correct that curious infelicity of diction 

which you acquired at Westminster 

Cicero says, veiy truly, that it is glorious to 
excel other men in that veiy artiok? in which 
men excel bnitos, speech. . . . Gain the 

heart or you gain nothing ; the eyes and the 
ears are the only road to the heart. Merit and 
knowledge will not gain hearts, though they will 
secure them when gained. ... If you have 
not a graceful address, liberal and engaging 
mariners, a prepossessing air, and a good degree 
of eloquence in speaking and writing, you will 
bo nobody, but will have the daily mortification 
of seeing people with not one- tenth of your 
merit or knowledge, get the start of you and 
disgrace you both in company and in business.'’ 

Chesterfield's Style. Much might be 
written of the argument set forth in the fore- 
going extract. Tt is quoted for its own sake, 
but the pa^sagj is given also as an example 
of writing that is at once clear, simple, 
forcible, and polished. I'he aim of the writer is 
apparent throughout. Tlie means he adopts to 
further that aim arc direct. He describe.s things 
that arc desirable and against them seta the 
means by which they are to be attained. The 
chance that ambition may not be sufficiently 
stimulated is provided for by the closing appeal 
to fear — the fi^ar of ridicule. Lord Chesterfield 
uses the words “happy” and “happily” in 
the now ob.solete sense of “ accidental ” and 
“ accidentally.” 

Johnson's Famous Letter. By way 

of contrast to Chesterfield’s appeal to selfish 
\ instincts may he given })art of the famous 
letter in which Johnson repudiated the 
patronage which, though it was offered when 
his “ Dictionary ” was completed, was — possibly 
through the indiscretion of a servant— refused 
wlffen that work w'as originally planned. John- 
^n’s letter was written after the appearance, 
in a periodical called “ The World,” of two 


papers by Lord Chesterfield recommending the 
Dictionary to the public. 

“ Seven years, my Aord,” wrote Johnson in 
1755, “ have now passed since I waited in your 
outward rooms, or was repulsed from your door ; 
during which time I have been pushing on my 
w'ork through difficulties, of which it is useless 
to complain, and have brought it at last to the 
verge of publication without one act of assistance, 
one word of encouragement, or one smile of 
favour. Such treatment 1 did not expect, for 
I never had a Patron before.” 

Johnson, it should he explained, had inscribed 
the “ Plan ” of his Dictionary to Lord Chester- 
field after some intimation had i cached him 
indicating that that nobleman was interested 
in the project. His letter continues : 

“ Is not a Patron, my Lord, one who looks 
with unconcern on a man struggling for life in 
the water, and, when he has reached ground, 
encumbers him with help ? The notice which 
you have been pleased to take of my labours, 
had it been early, had been kind ; but it has 
been delayed till I am indifferent, and cannot 
enjoy it ; till I am known and do not want it. 
I hope it is no very cynical asperity not to confess 
obligations where no benefit has been received, 
or to be unwilling that the Puhlick should 
consider mo as owing that to a Patron which 
Providence has enabled mo to do for myself.’' 

Lord Chesterfield, to show that his withers 
were unwrung, laid this letter open upon his 
table for others to see. Johnson, pressed for 
a copy of it, continually refused to give one, 
remarking on one oc<5asion : “ No, sir ; I have 
hurt the dog too much already.” Johnson Kaw 
through the veneer of I.ord Chesterfield’s 
bearing the shrivelling heart of a bitterly dis- 
appointed man. 

Other Letter-writers. Among other 
letter- writers of the eighteenth century must be 
named the poets Cowper and Gray. The letters 
of Cowpi^r afford, perhap.s, the best argument 
against the effectiveness of ornamental diction 
when it is confronted with a style that is simple 
and sincere. Cow^jer’s delightful letters describe 
in the most natural and most charming of 
language the surroundings and incidents of the 
poet’s life at Olney and Weston. Gray’s 
letters possess the qualities of the bookman and 
the scholar, and represent a man who seems 
never to have permitted himself to appear in 
“ dressing gown and slippers.” The ” Letters ” 
of Lady Mary Wortley Montagu (b. 1689 ; 
d. 1762), describe in the simple and elegant 
style of an accomplished if worldly woman 
her experiences of travel in Europe and the 
Near East between 1716 and 1718. Though 
circulated in MS. during her lifetime they 
woie not printed until a year after her death. 
The ” Natural History of Selborne,” by Gilbert 
White (b. 1720 ; d. 179J), marks the beginning 
of popular Nature studies. It is composed of 
letters to the writer’s friends, written, it is 
believed, at the suggestion of the Hon. Daines 
Barrington (b. 1727 ; d. 1800), who was an 
antiquary and a naturalist as well as a lawyer. 



GROUP LITERATURE 


Thomas Pennant (b. 1726; d. 1798) was 
another famous naturalist and a friend of 
Gilbert White ; his “ British Zoology ” and 
“ History of Quadrupeds ” were for . a long 
time elassics of their kind, while his “ Tour in 
Scotland ” had an api^reciable elTeet in stimu- 
lating travel in that country. The lettcTs of 
Humphrey Prideafx, Dean of Norwich (b. 
1648 ; d. 1724), give details of old Oxford life. 

Various Writers of the Period. Among 
the divines whose work continues to be read may 
be named William Warbitrton, Bishop of 
Gloucester (b. 1698; d. 1779), author of a 
voluminous work entitled “ The Divine Legation 
of Moses Demonstrated.” Warburton was a 
friend of Pope, and a man who, said Dr. ♦Johnson, 
“ Praised me, sir, when ])raise was of value to me.” 
William I\\ley (b. 174.3 ; d. 18()o) wrote luckily 
on the subject of Christian evkience. His 
” Treatise on Natural Theology ” and “ V’^k‘W of 
the Evidences of Cliristianity ” are still read, as is 
also his ** Horje Paidime,” a debaice of the 
genuim‘nt‘ss of Si. Paul’s Epistles. 

William Law (b. 1687; d. ITlil), in his 
“Serious (*all to a Devout and Holy Life.” 
influencaMl men so dissimilar as .Johnson, Wesley, 
and Keble, and it stands by tin* side of Jeremy 
Taylor s “ Rule and Exercises of Holy Living ” 
as OIK' of (he most impressive devotional treatises 
in the languag<'. Tii(»mas Reid (b. 1710; d. 
1796) wrot<‘ “ An Impiiry into the Human Mind 
on the Principles of Common Siaist*.” He had 
a distinguished follower in DroAi-D Stewart 
(b. I7.*»:j; d. 1828). 

Other Groups of Scholars. .Iosepii 
Priestley* (b. 1793; d. 1804) is best re- 
menib(*r(‘d as the ” father of modern < hemistry,” 
the author of a “ History of Electricity,” and as 
the man who disc*ov(*rod oxygen, but l)y a blind 
attachment to theory failed to appreciate its 
significance. li*aving that honour to Lavoisier. 
3’homas Paine (b. 1737 ; d. 1809) wrote an in- 
fiiH'Utial book on ‘‘The Rights of Man,” in 
answer to l^urke, and was hims(‘]f very ably 
aiisw(M'ed by (Albert Wakefield (b. l7o6; d. 
1801). The Gre('k scholar,' fii[) of Rktiard 
P oRSON (b. 1759; d. 1808); the still nn- 
approached tramlatiou of the l\(»ran by GEOR(iE 
Sale (b. 1697 (?) ; d. I73(>), tlu^ version of 
“Plutarch's Livc'S ” by J. and W. Lan(jhokne 
(b. 1735; d. 1779, and b. 1721 ; d. 1772), the 
standard tratishd ioji of .Josephus's “History of 
tlie Jews,’ hy William Wiiiston (h. 1667 ; 
d. 1752), all te.stify to th(‘ learning and literary 
activity of the t‘igiite<‘nth century. 

An Age of Scholarship. But, this list, 
long as it is, and irri'speetive of the fact tliat 
wo reserve fiction for separate considerati(»iL is 
far from eom]irchensive. We Jiave not yet 
mentioned the traiislation.s from the Sanskrit of 
Sir William Jones (b. 1746; d. 1794); the 
scholarly discourses of Sir Joshua Reynoi.ds 
(b. 1723; d. 1792); the valuable “ Diversions of 
Purley ” of John Horne Tooke, the philologist 
(b. 1736 ; d. 1812) ; the educational manuals of 
Isaac Watts (b. 1674 ; d. 1748) ; the colossal 
“ Coinmeuiarics on the Law.s of England” of 


Sir William Black.stone (b. 1723 ; d. 1780); 
the “ Anecdotes ” of Joseph Spence (b. 1699 ; d. 
1768); the “Anecdotes of Samuel .lolmson” by 
Mrs. Thrale (b. 1741 ; d. 1821); the “Travels” 
of Munoo Park (b. 1771 ; d. 1806), or thi^ 
admirable Shakespearian studies of (iEonOE 
STKEVENs(b. 17,36; d. 1800), Edmund Malone (b. 
1741 ; d. 1 81 2), and John Den Nis(b. 1657; d. 1734). 

£arly Journalism. It is of intere.st to 
remember that “ The Tinu s," lirst. started a.s 
“ 3’he Daily ITniversal Register in 1785, 
came out with its present title on .lannary 1st, 
1788 ; that the “ Gentleman’s Magazine ” dates 
from 1731 ; and that there was a “ Ijondon 
Magazine” in 17.32, a “Monthly Riwiew*’ in 
1749, a “Literary ^lagazim* ” and a “(Vitical 
Review” in 17.56; while, in addition to other en- 
eyelopaalias, the “ Eneyelopa*dia Britannica” ap- 
peared for the lirst tinu* in 1771, in three volunu's. 

A Plea for General Knowledge. W(^ 

have thus airived at the end of tiu* eighteenth 
(iontniy in our study of khiglish prose, and 
have thought it well to maintain up to this 
point our historical treatment of the subject 
ratiu'r than to dwell at any length on the ]»raetieal 
side of pro.se study, or the examination of sp(‘eial 
branches of pro.se writing, though we have* at 
least gleaned some useful knowh'dgo by eonsid(*r- 
ing the different styles of the master- writers of 
the age. But ])rosently we shall look mon* 
closely into the fabric of our English j»rose, now 
that we are coming into touch with the living and 
growing ])ro.se of our own 

Thi.s gn'at di.stinction has to be not(*d l)i'tw(‘»‘n 
the eighteenth century and our own time ; that' 
the term “a man of letters’’ formerly stood — 
even into the middk' of the Victorian Age — for 
one who had ranged at will in all those fields of 
study represented in our hi.'^tory of eighteentli 
(*entnry jirose- writers — - jJiilosophv, travel, 
history, fiction, science, rc'ligion, and so on. 
I’nhapiJly, but jierbaps imvitably, the nine- 
teenOi e#*ntury saw a great changes in tIu' dinc- 
(ion of “ sjx'cialising.” not only in tlu' east* of 
writers, but in that of n'jiflers. Authors now 
6iid it ])rotital)I(' to limit lliemselves to om^ 
branch of litiTature only ; n'adt'is, Avith far le.ss 
reason on their side, an* too prom to fall into the 
.same habit. In the eightf'cntb century it was 
accounted no di.'^credit to a wiitt'r that he 
expended his (‘iiergies in many dilh'rent Ik'lds of 
thought : that he wrob^ histories, biographies, 
])oem.s. criticisms, philosophic’s. storic's. In onr 
day this would he to an author's disadvantage ; 
publishers would demand that lu* produce only 
the ela.ss of book Avliieh they could sell mo.st 
rapidly. Th.at is tlu^ author's excuse, and it is a 
valid on<‘ ; but the read(*r who confines himself 
to only one class of reading has no excuse. Tlu‘ 
man who today would be well re^ijj should go for 
example oi‘ prec;edent to the “ men of letters ” of 
the eighteenth (lentury, Avho regarded the whole 
varied flidd of literature as their hunting-ground, 
and wvrv. not content to linger uiidufy in one 
particular corm'r of it, but to range throughoirt 
its length and breadth. 

J. A. HA]\1MERT0N 
1915 



EXAMINATIONS FOR THE NATIONAL Cli^IL SERVICE 


Po-.tmt't). I.fcsscnjfcM, Office Keepers, niid other siihortllnates arc tretierally appointed, after nomination by the Head of IXpartmcnt concerned, 
after elementary test. Assistant Inspectors. Board of E Uicatlon (jC^ioo tOjCBoo), are iiomtnatcd by Secretary and appointed without eaamination. 


Appointments 

Aije Limits 

I Educational standards (and 
special rRquireiiicnts, 
if any) 

Fees 

InitiHl sa'aries or 
weekly eanung5, and 
maximum ordinarily 
aitain.ible 

Average 
number of 
vac.iiides 
yearly 

Average 
numlicr of 
candidates for 
each vacancy 

APPOINTMENTS BY OPEN 

COMPETITION 



Posts on General Staff 







Clerk, Class I 

22 to 24 

High and searching 

£6 

£150 or £200 to 
£800, £1000 

26 

7 

Intermediate Appointment 

ls)o 105 

Public school grade 

£3 

£100 to £450, 
£600, etc. 

25 

8 

Clerk. Second Division . . 

17 to 20 

Secondary school grade 

£2 

£70 to £3(M1 

225 

0 

Assistant Clerk 

lU to 21 

Simple. Must have 
served as Boy Clerk 

10s. 

£45 to £150 

190 

3 to 4 

Boy Clerk 

15 to 16 

Simple 

58. 

15s. to 16 r. weekly 

800 

2 5 

In Particular Departments 







Officer of Customs and Excise . , 

10 to 21 

Moderate 

£2 

£80 to £300, etc. 

200 

I 

Assis. Examiner, Patent Office . . 

20 to 25 

Scientifle subjetrts 

£5 

£150 to £4.50 

10 

9 

Clerk, Office of Wood** 

19 to 23 

Legal. Mii.st have l)ecn 
in a solicitor’s office 


£100 to £430 

Occasional 

0 

Apprentice, H.M. Dockyards . . 

14 to 16 

Simple 

2s.6d. 

4s. to 1,5s. weekly 
while indentured 

350 

3 

Boy Artificer, Iloyal Navy 

15 to 16 

Simple 

28.6d. 

3a. Od. to 45s. fid. 

00 

10 

Man Writer 

irt to 26 

Elementary 

Is. 

24h. to 39s., 5 Is. 

Nninerous 

. — . 

Boy Writer 

15 to 17 

Elementary 

Is. 

9s. to 21s. 

fc. 

Numerous 


Abroad 







Indian Civil Service 

22 to 24 

As Clerk, Class I. 

£6 

£300, to £1500, 

* £2000 

50 

4 

Eastern Cadet * 

22 to 24 

As Clerk, (3ttss I. 

£6 

£300 to £1400, 
etc. 

25 

7 

Indian Police 

10 to 21 

Piiblir school 

£2 

£240 to £840, etc. 

30 

5 

Posts for Women 







Woman Clerk, O.P.O 

to 20 

Secondary school 

1 .5s. 

£65 to £130 

40 

12 

„ Health Commission . . 

Girl Clerk, G.P.O 

IS to 20 

Secondary schotJ 

ir)s. 

£05 to £110 

— 

— 

16 to IS 

Secondary school 

15s. 

.t42 to £48 

70 

10 

Female Learner (London) 

14 to 17 

Elementary 

4s. 

7s., 14 m., to £2 

?()() 

10 

Female Learner (Provincial) 

15 to 17 

Elementary 

4.S. 

>s , Lis. to£l 16s. 

120 

12 

Female Sorter, Post Office 

15 t<»- 18 

Elementary 

3s. 

14k. to 30s. weekly 

55 

14 

Card Teller, Health Commission 

15 to IS Elcinentar/ 3s. j 14s. to 30.s. weekly 

1 1 1 

APPOINTMENTS BY NOMINATION 

j ' 


Clerk and Attache, ForclRn Office 

22 In 25 

Languages es-sential 

£6 

Cl 50 to £1000 rtc. 


' 4 

Clerk, Iloyal Courts of J ustlce . . 

20 to ,30 

Sim|)le 

£6 

£100 to £400, etc. 

19 

Qualifying 
exam, only 

Assistant, British Museum 

20 to 25 

Science or Arts 

£5 

£150 to £500, etc. 

4 

3 

Junior Inspector of etc. . . 

23 to 25 

Mining subjects 

£6 

£300 to £450, 
£700 

3 

1 to 4 

Sub-Inspector of Mines, etc. 

30 tfi 40 

Practical Mining 

12s.0d. 

£150 to £200 

Few 

— 

Inspector of Factoric.'< . . 

21 to 30 

Advanced 

£3 

£200 to £450, etc. 

8 

2 to 4 

A s.'iistant Inspector of Facto rh‘.s 

21 to 40 

Siiii))lc 

12s,6d. 

£110 to £200 

3 

10 

Clerk, Prisons Service . . 

IS to 22 

Moderate 

£l 

£70 to £300 

3 


Junior Clerk, Post Office 

10 to 26 

Secondary school sub- 
jects. Jlestricted to 
postal servants 

£1 

£100 to £200, £450 

10 

10 

Sorter, Post Office 

18 to 30 

Elementary 

5s. 

£1 to £3 2 k. 

320 

4 

Learner, Post Office (London) . . 

15 to 18 

Elementary 

59. 

8s., 18 h, to £3 2s. 

58 

If) 

Learner, Post Office (Provincial) 

Naval Appointments 

15 to 17 

Elementary 

59. 

8s., I6s. to £2 16s, 

350 

10 

Assistant Clerk . . 

17 to J8 

Secondary school sub- 
jects 

£1 108. 

£45 to £845, etc. 

20 

3 

Posts Abroad > 







Studenh Interpreter, China, 
Japan, and Siam 

21 to 24 

Searching 

£6 

£200 to £700, 
£1000, etc. 

r 

4 

Student Interpreter, Near East. . 

18 to 24 

Foreign languages 
essential 

£6 

£200, £300 to 
£1000, etc 

o 

5 

Consular Officer 

27 to 30 

Somewhat high 

£4 

£300 to £700, 
£1000, etc. 

4 

1 8 

1 

Posts for Women 






i 

Female Inspector of Factories . , 

25 to 40 

High 

£2 

£200 to £300 

Occasional 

Qualifying 

A 

Female Typist 

IS to 20 

Simple, includes Typing 

Is. 

20s. t(» 28s., 35s. 
wefjkly 

43 

exam, only 
lto2. 

Telephonist, Post Office . . 

10 to 19 

Simple 

IS. 

Us. to 

Many' 

Qualifying 






exam, only 


• e , , 

Certain l osU under National Insurance and In Labour Exchanges are flllod eltlier without 

I' ... examination or after qaali^iHi; J^t only. (See later chapterB). . 






6R0UP 10-CIVlL SERVICE & THE PROFESSION S • HO W TO ENTER tHEM-CHAPTER 1 5 

The Advantages of the National Service. Its Scope 
and Departments. Emoiuments. Conditions of Entering. 

NATIONAL SERVICE 

Deaders of this course will recall that This great army of State servants 
at its inception the ground to be numbers between 60,000 and 70,000 of 
traversed was mapped out into three all ranks, and is entrusted with the 
great provinces — the municipal^ the execution of all (dvil affairs which are 
national, and the imperial services. Our of national interest as distinguished from 
consideration of the first of these ended merely local concerns. The importance 
with the chapters on Poor Law appoint- and varied nature of the duties thus 
ments. Wc now turn to that distinct performed cannot readily be estimated, 
and very important branch of our general With the giant work of the postal and 
subject which is comprised in the National telegraph services and of our preventive 
Service. It corresponds very nearly with departments we all are more or less 
that division which is technically known familiar ; but few of us realise, probably, 
as the home Civil Service, though we have how much labour is involved in such 
throughout this course employed the word functions as our prison system and 
civil ” in a less restricted sense. courts of law, or the civil direction of the 

For a clear understanding of this Army and Navy. To these we must add 
section it is essential, before reviewing the great and grave departments of State, 
in detail each of its many grades, to con- controlled for the most part by parlia- 
sider briefly the national service as a mentary secretaries, which are concerned 
whole, and the general conditions charac- either with the administration of internal 
terising it. Wc must understand some- affairs or with the problems of inter- 
thing, for instance, of the average pro- national relations. 

spects it offers, the nature of the duties In the former category we may place 
involved, and the provisions existing as the Home Department and the 'Freasury, 
to the sick pay and the retiring allow- and in the latter the Foreign OlTicc, 
ances of Government servants. Colonial Office, and that of the Secretary 

And it is necessary, also, to have a clear of State for India. In the course on the 
comprehension of the methods by which municipal service we saw that two further 
appointments arc filled, and the' require- State departments — those of the Local 
ments in respect of education, age, and Government Board and the Board of 
health. The prevalent system of open Education — exercise a central and salutary 

competitive examinations, in particular, control over the actions of local autho- 
is undoubtedly of supreme importance rities. Other special functions are 
to prospective candidates. exercised by the Board of Trade, the 

We may define the national service in Patent Oflice, Ko\"al Mint, and a host of 
a phrase as the sum total of all non- offices, great and small, with whose very 

fighting posts — except in India and the names the general public is unfamiliar. 

Colonies — which are held directly under but whose duties, nevertheless, are of 
the State and remunerated from public, national importance. And, save for 
funds. This definition will be seen to certain technical posts in the Admiralty 

...^xelude municipal servants, as their and War Oflice which are reserved for 
offices are held under local authorities of members of the combatant services, every 
various kinds ; but it is wide enough to Government oflice is staffed entirely by 
embrace all other public servants of every officials of the national service, 
degree. The Secretaries of State and In a few exceptional instances — as in 
their youngest messenger lads, our the metropolitan police courts, whose 
representative at Berlin or The Hague, and officers are paid partly out of the police 
the modest Customs officer — all these, rate — the salaries of Government servants 
with every Government official of inter- are derived in part from local funds, but 
mediate grade, are ’ equally members of in the great majority of cases the sources 
2 ihe national service. of income are wholly national. The cost 

’^N^flONALrirUNrciM7 iMPERIAT SERVICE, AND PROFEWnAL CAREERS 
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of each department, inoluding salaries, is 
estimated annually in advance, and the total 
amounts thus calculated are submitted to the 
House of Commons every year and appropriated 
out of the nation's revenues by a parliamentary 
Vote on Account. 

The national differs from the municipal 
section in several material respects. In the first 
place, as befits a Government institution, it is 
marked by a completeness and uniformity of 
system almost entirely v anting in the municipal 
world. Instead of conditions altering in greater 
or less degree with every change of district, the 
State affords its employees of each grade, 
throughout the country, clearly defined and 
practically unvarying terms of service, include 
ing rates of pay, amount and frequency of 
increment, and so forth. This is. not entirely 
an advantage. Local bodies, in exceptional 
cases, may mark their sense of official zeal and 
devotion by a liberality unknown under the 
rigid rules of Government service. On the 
whole, however, a fixed and adequate scale of 
pay is preferable to dependence on the un- 
certain views of a council or board of guardians. 

This uniformity of method extends also to the 
conditions under which the Government service 
may be entered and left. For admission to each 
of the main grades of appointment certain 
regulations are framed which are binding on all 
candidates alike, and every permanent official 
is subject to the same provisions as to pensions 
and gratuities on retirement. 

A Clerical Service. A further distinction 
may be based on the nature of the duties in this 
service. The municipal section, as wo have 
seen, comprises engineers, inspectors, ehomists, 
police officers, firemen, nurses, and a great 
'f many others whose functions are practical and 
executive rather than clerical. The national 
branch, as vieued from the candidates' stand- 
point, is in the main an assemblage of clerks 
of various grades. There are many exceptions, 
it is true, notably in the Excise and Customs 
and Prisons departments, the inspection of 
mines and factories, and certain technical posts 
in the non-combatant staff of the Royal Navy. 
But, speaking generally, the work of the national 
service is clerical throughout. 

The distinction is worth considering. It is 
evident that such a service, as compared with 
one which is largely executive, will include 
fewer posts for which some degree of education 
is not imperative. On the other hand, it affords 
less scojK) for the skilled expert and the able 
administrator. A clerk, however capable he 
may be, can hardly expect to find in his calling 
the same opportunities for personal distinction 
and rapid advancement as may await a clever 
analyst or architect, or a trained engineer who 
is willing to incur the grave responsibilities 
involved in carrying out great public works. 

Such considerations le^ us to expect in the 
national service precisely the features which, 
in fact, it displays. These are moderate but 

Sn ^ady service, light and regular and a 

small proportion of distinctly subordinate posts. 


Lot of the Government Clerk. To a 

man of . reasonable ambitions, who is repelled 
by the uncertainties and stress xi> commercial 
life, the national service, with its assured income 
and liberal leisure, offers many attractions. The 
Government clerk enjoys, indeed, a degree of 
consideration and dignity but rarely attained 
by his colleague in commerce. He is generally 
housed in a spacious and comfortably appointed 
building, as befits a servant of the State. The 
Foreign Office, Home Office, and other great 
departments in the West End of London are 
among the finest structures in that region of 
fine buildings. During the seven hours which 
constitute the average official day, work pro- 
ceeds at an unhurried and equable i^ace, w'ith 
due regard to the sanctity, of the luncheon 
interval. The character of that work naturally 
varies with the various offices. Usually it 
includes correspondence or bookkeeping, 
indexing and docketing documents, compiling 
statistics, preparing reports, and similar clerkly 
duties. In the higher ranks the work, while of 
the same general character, is more responsible, 
and involves the supervision and control of the 
subordinate staff. 

Such arc the conditions normally prevailing 
in the'average Government office. Certain busy, 
important departments, however, are disagree- 
able exceptions to the nile. The General Post 
Office, throughout all its branches, is a notorious 
instance in point. It employs an enormous 
.staff ot clerks and other workers on duties that 
are generally monotonous, uninteresting, and 
performed at high pressure. The outdoor 
officers of the Inland Revenue and Customs, 
again, are required to work under irksome 
conditions of exposure and irregular hours. 

Vacation and Sick Leave. In respect 
of leave and sick leave the State is unquestion- 
ably a liberal employer. Higher class officials 
are entitled to six weeks' holiday yearly, which 
is extended after ton years' service to eight 
weeks. For officers of intermediate rank the 
annual leave varies between three weeks and a 
month, and only the distinctly subordinate 
grades arc restricted to shor<^er terms of from 
ten to eighteen days. The provisions as to sick 
leave are as follow. Members of the permanent 
staff receive full pay while absent on account 
of ill health, until they have been away for six 
months in any one year. If still unfit for duty, 
they may then be placed on half-pay for another 
six months. At the end of this latter term 
.their case is specially considered, and they are 
usually either granted further leave without 
pay or called upon to resign. Such considerate 
treatment is rare indeed outside the Governmeilt 
service. How beneficent the system proves in 
practice was illustrated by the case of a friend of 
the writer's, who, after a few years in .a State 
department, developed somewhat serious lung 
troubb. Dependent as he was upon his salary^ 
he might have fared disastrously in other 
employment. But the authorities promptly 
graiit^ him six months' abibnoe on full piQT. 
He was thus able to make a voyage round tM 
Worlds and returned quite to health. 
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Remuneration. The national service 
comprises appointments of a great many grades. 
A special feature of this chapter is a “con- 
spectus,” or general table, showing the range of 
salary and other particulars in respect of each 
rank. From this table it will be scon that these 
posts may be grouped approximately into four 
broad divisions. 

Of these the first includes the highest clerical 
and administrative offices, relatively few in 
number and keenly contested. Starting at 
£160 or £200 a year, they rise rapidly to £800, 
£1000, £1200, or higher. Tii the second flight 
are the upper clerks, accountants, and other 
specially responsible officers, whose salaries^ 
l^gin at £100 or £120, and reach £5(X) to £760. 
The third class comprises the mass of ordinary 
clerical positions, with initial salaries varying 
from £70 to £KM>, and advancing by moderate 
increments to £850 or £400. Last in rank we 
must place the Post Office telegraidusts and 
sorters, inferior clerks, messengers, and other 
subordinate officers, whose prospects are bounded 
by a slowly attained maximum of £150 or £200. 

Promotion. Prospects of promotion vary 
a good deal with the difTerent offices, some of 
which are conspicuous for the chances they afford, 
while others arc as notably wanting in that 
respect. Generally, the traditions of the Service 
are opposed to the s])ocdy promotion of juniors. 
This vexed question was briefly discussed in our 
opening chapter f page 50]. As was there pointed 
out, the authorities, Avhile avowedly solicitous to 
reward ability, in practice make advancement by 
seniority a rule from which they are very reluc- 
tant to depart. Rarely is a deserving junior 
specially promoted. He must generally wait 
until all the men before him on the list have 
been given their “ step ” in turn. Hence, 
though a great many higher ])osts are filled from 
the snbonlinate ranks, and the chances of 
eventual promotion are consequently good, 
advancement comes with halting feet. The 
natural result is a certain degree of discontent 
among eager, ambitious young officials whose 
road to promotion is blocked by a line of stolid 
and not over-strenuous elders. For men of the 
requisite ability and resolution, liouever, there 
is a more direct method of advancement than 
awaiting the special recommendation of a chief 
or the translation of every senior officer. This 
short cut- consi.^ts in competing while in the 
Sc'vice for a post of higher value— a course 
w^hich is facilitated by the ample leisure left at 
the close of the official day. 

Pensions. Among the attractions of State 
employment is the prospect of a pension w^hen 
one’s term of duty is ended. The system in 
force is a liberal one, and is so simple in princii)le 
that it may be summarised in a few wonis. 
Members of the permanent staff who are in- 
valided before completing ten years’ service 
are not entitled to claim a pension, but may 
receive a gratuity of one month’s pay for each 
completed year. Officers of ten years’ standing 
and upwards, if certified unfit for further duty, 
ore entitled to a life pension, and a lump sum in 


cash besides, proportionate to tlieir position and 
length of service. The pension is calculated 
upon the scale of one-eightieth of the officer’s 
salary for eveiy year of service up to a maximum 
of 40 years. If invalided after 20 years, for 
example, the superannuation allow^anco would 
be fourth of the salary. After 

26 years it would bo g^ths, or five-sixteenths ; 
and after 40 years (or more), iJiths, or half pay, 
which is the maximum proportion attainable in 
any event. The additional sum in cash coiLsist.s 
of ;)*oth of a year’s salary for every year served, 
up to a maximum of 45 years — the highest 
grant being thus Rths, or 1 J years’ salaiy. 

At the age of 60 retirement is optional, and at 
65 it is compulsory. Thus, an officer entering 
when 20 years okl and reaching a post w^ith £600 
a year, can claim on his sixtieth birthday a pen- 
sion of £800, and £800 in cash. Five years later 
he would be obliged to retire ; and as not more 
than 40 years’ service counts towards a pension, 
his superannuation would not be increased, but 
the cash payment would become £1KX). If, how- 
ever, he entered at 25, the pension payable at 60 
would be only jj^ths, or £262 10s. a year, while 
by continuing at his post until 65 he would com- 
plete the 40 years’ service requisite for the full 
allowance of £300. Officers serving abroad in 
unhealthy districts are entitled to count every 
two years thus spent as three years for pension 
purposes ; and for those who are injured in the 
course of their duties special provision is made. 
By a very generous provision, the family of a 
CUvil Servant w'ho dies “ in harness,” whatever 
his length of service, receive a ciish grant of one 
year's salary. Government servants are not 
liable, as we saw that Poor Law officers are, to 
any deduction from salary on account of pension. 

How Vacancies are Filled. From the 
figures quoted as to the number of Govern- 
ment officials it is evident that vacancies are 
constantly arising. Estimating the average 
official term at 20 years, it follow^s that some 
3000 appointments must he made every year to 
replenish the losses occasioned by resignations 
and deaths. For us, as candidates actual or 
potential, the question is just this : under what 
conditions are those 80(K) vacancies filled ? 

In the htxd old days of f>atronago, down to 
the midtile of last century, such posts w^ere in 
the gift of the Ministers of State, w4io appear to 
have bestowed them with less regard for the 
i^eeds of the Service than for the wants of their 
importnnate friends. It is from this age that 
the tradition dates wliieh depicts the average 
civilian as an incompetent and supercilious 
lounger. If such a portrait be now admittedly 
libellous and out of date, it is wholly because 
the patronage system has been gradually 
replaced, meantime, by one which makes ability, 
education, and health the passports to the 
Service. At first nominated candidates w'ere 
required merely to furnish })roofs of their 
fitness to serve. But in 1870 a radical change 
was introduced, which, by attracting capable, 
well-trained men to the Service, has done more 
than anything else to promote its efficiency. 
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Open Competition. This sweeping ^{orm 
consisted in throwing open the majority 
Government appointments to the unrestricted 
competition of British subjects of fitting age, 
health, and character. The system proved 
instantly successful, and is in vigorous opera- 
tion today. Under the direction of a ppecial 
department-— the Civil Service Commission — 
open contests are held for posts of the various 
grades as occasion requires, and existing vacan- 
cies are fillod by appointing the candidates who 
take the highest places. 

From the standpoint of would-be Government 
employees the importance of the reform thus 
effected can hardly be overstated. Open com- 
petition fulfils Napoleon’s boast of opening a 
career to talent, however lacking in influential 
friends its possessor might be. The Irighest 
positions in the service of the State are placed 
v ithin reach of any youth of the requisite 
ability and education, no matter how humble 
in origin or poor in jnirse. And this tendency 
to democratise the Service, already strongly 
marked, is becoming still more accentuated. 
Formerly, despite the absence of caste barriers 
in these contests, the degree of education 
necessary to compete successfully for the most 
valuable posts proved, in practice, almost 
prohibitive for candidates belov the middle 
classes in position. But -with the elaborate 
system of scholarships devised by the County 
Council, extending from the elementary school 
to the University, that disability is minimised, 
and the labourer’s son may now meet the scion 
of nobility in fair and honourable rivalry for the 
prize of a lucrative career under the State. 

Notification of Examinations. Open 
competitions for the various vacancies are 
announced from lime to time in the “ London 
Gazette” and the leading newspapers. The 
advertisement of the Examining Body ap}>eara 
in the Thursday issue of most of the London 
morning papers, and may usually be found 
below the theatrical announcements on the 
centre sheet. Detailed particulars of any of 
the examinations there named, and of the 
appointments to which they relate, may be 
obtained on application to the Secretary, Civil 
Service Commission, Burlington Gardens, W. 

Nominations. While public com{)etitions 
form the principal means by which the national 
service is recruited, a certain number of posts 
(some of which are distinctly valuable) are still 
reserved for the nominees of leading officials. A 
list of such appointments at home and abroad^ 
and also for women, is given in the general table 
which precedes this chapter. The usual practice 
is to name several candidates to compete among 
themselves for each vacancy. Contests of this 
character are officially styled “limited competi- 
tions,*’ and are not advertised. In some instances, 
nominations for superior posts are given to sub- 
ordinate officers as a reward for ability and zeal. 

A few technical and minor positions are filled 
without competition, the person designated 
having only to pass a qualifying examination. 

As appointments as valuable are to be won » 
hx op^ IAS by limited contests^ it may be 


supposed that a nomination is of little sendee to 
the candidate. This, however, is a gravely mis- 
taken view. In the arena of public competition 
the fight for success is very keen. There are 
sometimes ten or fifteen candidates for every 
vacancy, and occasionally the proportion is as 
high as 20 to 1. But within the seleo^circle of 
the nominated, no such stress exists," and the 
competitors usually number from three to five 
for each post.. Aspirants who can obtain a suit- 
able nomination should therefore on no account 
neglect to secure it. 

Age Limits. Each class of appoint- 
ment, as we shall see hereafter, has its own 
age limits as well as its special examination 
subjects. Except for certain subordinate w'ork 
in the Post Office, the earliest age at which a 
permanent footing can be gained is 17, and 
there are few posts for w'hich a candidate can 
compete after passing his 25th birthday. By 
a valuable provision, how'ever, persons who have 
served in the Army or Navy, or as Territorials 
on military duty, may deduct from their actual 
age any time so spent. And under certain re- 
strictions a similar allowance not exceeding 
five years may be claimed by members of the 
national service itself when competing for 
higher posts. 

Medical Examination of Successful 
Candidates. After passing the educational test, 
every candidate is required to pass a medical ex- 
amination before appointment. As is imperative 
in a service making such liberal provision in case 
of illness, this is a fairly severe test, and is par- 
ticularly stringent in the case of foreign service. 
In the Customs and Excise good eyesight is 
insisted upon, but for other departments a 
moderate degree of short sight is not regard eil 
as a ground tor disqualification. 

The Civil Service (Commissioners, it may be 
noted, mention the following as among the com- 
monest causes of rejection on medical grounds : 
)ioor physique, delicacy of constitution, diseases of 
the heart, lungs, eye, and ear, paralysis, epilepsy, 
nervous complaints, and diseases of the liver and 
kidneys, especially persistent albuminuria. 

No aspirant who is dubious of his health can 
afford to disregard this question. The Commis- 
sion absolutely declines to sanction an official 
examination of the health of any save successful 
candidates. On the other hand, rejection on 
medical grounds at the eleventh hour is a cruel 
possibility in such a ease. Any competitor 
having reason to fear such a contingency would ’ 
therefore do well to apply to the Secretary of 
the Civil Service Commissioners for their 
“ Memorandum respecting Medical Examina^/ 
tions,” which is explicit enough to euiable any 
competent doctor to pronounce on tbe candi- 
date’s ability to pass the medical test. 

Feea. The examination charges made to 
competitors vary from Is. up to £6, according 
to the salary ordinarily obtainable in the appoint- 
ment sought. A £1()0 maximum, for example* ^ 
involves a fee of 7s. fid. ; for £200: it is 12s. fid ; 
and for posts rising severally to £3(X), £3fi0, and ; 
£450, the corresponding fees are £1, £2, and £4. 

ERNEST A. CARR 
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The Problem of the Transikslon of Acquired Characters. 
The Oneness of Life. Iniitnct In the Animal World. 

THE VITAL IMPULSE 


W E have seen that Lamarck attributed such 
“progressive variations” as the long neck 
of a giraffe, or the wings of a bird, to effort and 
wishful trial on the part of successive generations 
of those animals. It is beyond question that 
effort, use, or practice will develop, in any in- 
dividual, certain characteristics which he would 
not otherwise have displayed, and Lamarck 
believed that such characteristics might be in- 
herited. On the other hand, no one would be so 
foolish as to suppose that effort and practice 
are limitless in their power, even in the in- 
dividual, so that a man, by taking thought, 
could add a cubit to his stature. 

Kow, it is obvious that, however much we may 
incline to credit Lamarck in this respect, his 
theory docs not account at all for progressive 
variation in, for instance, plants, where ideas of 
effoi’t and will seem entirely inapplicable. There- 
fore, it is certain that we must seek some deeper 
and wider explanation than Lamarck’s, in its 
original form, for what the American naturalist 
(’ope, in a searching [ihrase, has called the 
origin of tlie fittest.” Let us sec how the de- 
velopment of our ideas now stands. 

LamarcK’s Increasing Following. It 
is an entire error to assume, with most writei’s in 
this country, that Lamarck has now no followers. 
On the contrary, there is a large and steadily 
growing school of biologists who follow that great 
pioneer. As tliey are bound to modify his 
teaching in many respects, they are generally 
known as nco-Lamarckians ; but while n(‘0- 
Darwinism directly contradicts some of the most 
fundamental teaching of Darwin, in'o-liamarck- 
isra is much more entitled to its name, and hero 
it cannot be dismissed as a surviving but mori- 
bund superstition. 

In France, the great school of biologists, 
experimental and theoretical, are neo-Lamarck- 
ians almost to a man. In the United States and 
in Germany there are many neo-Tiamarckians 
also, and there arc many more in this country 
than the lay student might suppose. The 
arguments of one distinguished neo- Lamarckian 
in this couni ry. Professor Cunningham, fall into 
place licj'c, and must be carefully noted. 

Hereditary Transmission of Acquired 
Characters. In the last chapter we saw that 
we cannot accept Darwin s theory of “ pangene- 
sis,” by which he sought to explain the so-called 
transmission of acquired characters, relied upon 
by Lamarck in his attempt to account for 
organic evolution. Sir Francis Galton, in par- 
ticular, Charles Darwin’s cousin, made important 
experiments which directly negatived the theory 
of pangenesis, and our knowledge of the origin of 
germ-oells in each individual, which we owe above 
all to Weismann, shows that pangenesis is not 
the mode of their formation. Hereupon the 


opponents of Lamarck, the neo-Darwinians, have 
argued that the Lamarckian theory was not only 
disproved, but proved to bo inconceivable. Thei o 
is no imaginable way, they say, in which the 
germ-cells could be affected by the body so that 
changes in them might be induced in corre- 
spondence with changes in it. 

The argument is a bad one, in any case. 
Many things happen which we can clearly 
demonstrate, but of which no explanation is 
conceivable. The question is one of scientific 
evidence, as has been repeatedly pointed out to 
these unscientific dogmatists, but never more 
forcibly than, m recent years, by Professor 
Bergson. Hero are his notable words : “It is 
well known how Weismann was led, by his 
hypothesis of the continuity of the germ-plasm, 
to regard the germ-cells - ova and spermatozoa — 
as almost independent of the somatic [body| 
cells. Starting from this, it has been claimed, 
and is still claimed by many, that the hereditary 
transmission of an acquired character is incon- 
ceivable. But if. perchance, experiment should 
show that acquired characters are transmissible, 
it would prove th<^reby that the germ-plasm is 
not so independent of the somatic envelope as 
has been contended, and the transmissibility of 
acquired characters would become i'pso facto 
conceivable ; which amounts to saying that 
conoeivability and inconceivability have nothing 
to do with the case, and that experiment alone 
must settle the matter.” 

Professor Cunningham’s Theory. 
Now, Professor J. T. Cunningham has lately 
advanced considerations which show that the 
so-called “ transmission of acquired characters ” 
is perfectly and simply conceivable in some cases. 
We now know that almost all, if not all, parts of 
the body produce special substances, or “in- 
ternal secretions,” of their own, and early in this 
course we saw how the.se internal secretions, of 
the nature of ferments, (ravel as what Professor 
Starling calls “ hormones,” to summon and oxcito 
the activity of the cells in other parts of the 
body, for some vital purpose. The immoaso 
enlightenment which Starling’s work has afforded, 
as to the action of parts of the body upon each 
other, may well apply to the action of all or any 
part of the body upon the germ-cdls. This is 
Professor J. T. Cunningham’s theory, and the 
reader will note with interest how closely it 
furnishes a parallel to Darwin’s “ pangenesis.” 

Only, whereas Darwin supposed that the germ- 
cells might be actually made by material con- 
tributions, or “ gemmules,” from all parts of the 
body, Profo^r Cunningham, knowing that that 
is not so, points to the principle of internal secre- 
tions, and shows how they might, in effect, 
produce just the results which Darwin sought 
to explain by his “ gemmules.” Evidently, if a 
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muscle be brought into powerful and repeated 
action, it will produce more than otherwise of 
its internal secretion, and this might quite con- 
ceivably — indeed, probably — have specific aetion 
upon those elements in the germ -plasm which 
were destined, in the future, to give rise to 
muscular tissue. Similarly, disease, followed 
by atrophy, of a parental organ would mean 
that the corresponding factors in the germ-cells 
did not receive the stimulus which would have 
been furnished to them by the internal secretion 
of that organ, if the parent had chosen to use 
it, and the corresponding organ in the offspring 
might thus be atrophied, too, 

A Problem yet to be solved. Much 
work and thought will yet need to be expended 
upon this remarkable and highly sugges- 
tive theory of Professor J. T. Cunningham. 
Meanwhile, it suffices to dispose of the argument 
that acquired characters cannot bo transmitted 
because such transmission is inconceivable. 
The French experimenter Charrin has ap- 
parently shown that certain injuries affecting 
parents may be registered, so to say, in the gt‘rm- 
cells, by means of specific chemical agents, 
transferred by the blood-stream from the seat of 
injury to the gorrn-cells, and it is evident that this 
is in close correspondence with Professor Cunning- 
ham's theory. Meanwhile, we leave this quehjtion, 
and return to our consideration of the difficulty 
that will and effort cannot account for progressive 
evolution in, for instan(;e, plants. 

The Basis of Life. Can wc ^oday meet 
the requirement laid down in an early para- 
graph of this chapter, and re-s^te Lamarck’s 
idea so broadly as to cover all forms of life, and 
not merely those which display will ani^ effort 
in an obvion^ form ? 

The answer is that, thanks to Bergson, we can, 
and here wo roach almost the most famous and 
profound conception of this great thinker. This 
is his theory of the c/an vitaJ^ or vital impulse, 
which underlies and explains the j)henomena of 
living things. Wc have here purpo.sely led lip 
to the elan vital by way of nco- Lamarck ism 
because, as Bergson himself , points out, this is 
the only theory of organic evolution which (uiu 
admit “ an internal and psychological principle 
of development.” Only this theory, which was, 
in part, at least, accepted and elaborated by 
Hpenctjr and Darwin and Haeckel, recognises the 
profound truth that life and its functions come 
first, and structure comes second, as their 
instrument and their creature. 

Convergent Evolution. Neo-Lamarck- 
ism, also, is the only theoiy which will account 
for what we are now learning to call “ convergent 
evolution,” as in the astonishing but far from 
solitary case of the oyi*, of the man and the 
scollop. In that, and in many other cases. Life 
1 has creatively evolved, for its need of seeing, an 
eye which is an immensely complex and efficient 
organ ; and has done so independently, along 
two widely diverse and independent lines, yet 
with such a result that, so far as the eye of the 
two speoies in question is concerned, * the two 
lines have converged towards the constiwtion 
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^ of what is, in all essentials, the same eye in each 
' case. It is quite conceivable, as Lamarck would 
have argued, that the same effort to turn the 
same circumstances to good accoun^ might have 
the same result, especially if tho'^roblem put 
by the circumstances (the nature of light, the 
laws of optics, and so forth) is such as to admit 
of only one complete solution. But if we are to 
apply this principle in general, we must read 
the word effort in a wider and deeper sense, as 
meaning something inherent in the very nature 
of life, and lying far deeper than the conscious, or 
even sub-conscious, will of such creatures as dis- 
play conscious volition at all. 

The Vital Impulse. “ Wo must no longer 
speak,” says Bergson, “ of life in general as an 
abstraction, or as a mere heading under which 
all living beings an? inscribed. At a certain 
moment, in certain points of space, a visible 
current has taktm rise ; this current of life, 
traversing the bo(li(‘s it has organised, one after 
another, passing from generation to generation, 
has become divided among species, and dis- 
tributed among individuals, without losing any- 
thing of its force, rather intensifying in pro- 
portion to its advance.” Regarded from the 
point of view of wh.at Weismann has taught us 
about the germ- plasm, ‘‘ Life is like a current 
])assing from germ to germ through the medium 
of a developed organism. It is as if the organism 
itself were only an exerescence, a bud caused to 
sprout by the former germ endeavouring to con- 
tinue itself in a liew germ. The essential thing 
is the continuous j)rogression indefinitely pur- 
sued, an invisible movement, on which each 
visible orgaiiism rides during the short interval 
of time given it to live.” 

It is this' original impetus of life, this Han 
vital, which underlies and moves all the various 
lines of evolution among which it gets divided. 
And in tllis Han vital, wdiich is the Mind in all 
Life, can we alone find the fundamental cause of 
])rogressive variations. This creative', mind is 
at the heart of organic evolution. 

Bergson’s Vision of Life. Thus wo 
obtain the vision of Life as a spiritual or psycho- 
logical reality, demonstrating itself in and using 
what we call matter.” In the mighty passage 
which concludes Bergson’s epoch-making chapter 
on ” The Meaning of Evolution,” ho rises to a 
th(^ level of inspired poetry, thus inadequately 
translated : “ All organised beings, from the 

humblest to the highest, from the first origins 
of life to the time in which we are, and in all 
jdaces as in all times, do but evidence a single 
and indivisible impulse. All the living hold 
together, and all yield to the same tremendous 
push. The animal takes its stand upon the 
plant, man bestrides animality, and the whole 
of humanity, in space and in time, is one immense 
army galloping beside and before and behind 
each of us in an overwhelming charge, able to 
beat down every resistance and clear the most 
formidable obstacles, perhaps even death.” 

Shelley’s CoDception. This great con- 
ception of Bergson’s has been closely anticipated, 
in principle, by certain famous phrases of 
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SJielley, in ** Adonals,” his clcgiao poem upon 
Keats.' Here are the two passages in question : 

“Through wood and stream and field and hill 
and oeUm 

A quickening life from the Earth’s heart has 
burst,” 
and, again 

“ The One Spirit’s plastic stress 
Sweeps through the dull, dense world, compelling 
th^ro 

All new successions to the forms they wear.” 

This second passage is extraordinary in its 
profound and yet precise statement. It would 
he impossible, in so few words, or in many, to 
restate the meaning and the application of the 
‘‘ 61an vital ” so pei- 
fectly as Shelley did, 
almost a century before 
the “Creative Evolu- 
tion” was written. 

For Bergson and 
modern vitalism, as 
for Shelley, Life is 
IMind, and living beings 
are the expression of 
tlie One Spirit which, 
with its stress, or elan, 
is plastic— that is to 
say, creative, sweeping 
^'through matter, like a 
visible current, and 
compelling there the 
organisation of succes- 
sive forms of organic 
evolution. 

All Life is One. 

“Life,” as Bergson 
says, repeating in other 
words the very phrase 
of Shelley’s above 
quoted, “is, more than 
anything else, a tend- 
ency to act on inert 
matter.” For Shelley 
and Lamarck, as for 
the later thinker, life 
is spirit, making and 
moving the body. The 
want, the desire, the 
ll rust of life, thus 
' shows itself not merely 
iu the structure of 
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cr«*atures that have conscious wills — as later in 
the inventions of man — but also in all living 
forms, for all have in them and under them this 
4lan vilalf of which our consciousness and will are 
only the most intense and recent expressions. 
This elan vital, this current of life, takes many 
forms, and is ever compelling “ new successions 
to the forms they wear.” In our survey of the 
living world, ]jj(| have already noted that life 
has evolved tWd great forms, vegetable and 
animal. These are no longer to be thought of as 
opposites, or solely as competitors for existence. 
They are various but' complementary forms 
; Which the ilan vital has taken. Our study of their 
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chemistry in this course has already shown us 
how interdependent they are, and may suggest 
how necessary it is to be careful in accepting t he 
neo-Darwinian idea of the whole living world as 
a vast arena of life-and-dcath struggle, where all 
creatures fight for themselves against all others. 
Seen by a deeper philosophy, all are part of the 
One Spirit ; and chemical experiment upon 
respiration, the action of chlorophyll, and so 
forth prove that, though living species do also 
struggle among one another, they are certainly 
interdependent in the profoundest sense. All 
Life is indeed One, when deeply enough viewed. 

The Three Lines of Life. Already wo 
have seen how, along the lino of the vegetable 
world, the ekin vital has, so to say, special- 
ised in and towards 
the perfecting of the 
use of sunlight by 
means of chlorophyll, 
and how, with this 
specialisation, as over, 
there has been some 
loss or neglect or 
sacrifice of develop- 
ment along olher lines. 
“ Vegetable torpor ” 
has been the price 
paid for the power 
and marvels of vege- 
table chemistry ; but 
vegetable chemistry 
has made possible the 
evolution of something 
very difliernt from 
torpor in the animal 
world, which it feeds. 

It has already been 
noted, in a preceding 
chapter, that the Han 
vital has taken not two 
but really three great 
lines of creative evolu- 
tion. For if, now 
leaving the vegetable 
kingdom on one side, 
we look at the animal 
kingdom as a whole, 
wo may see two 
notably different 
aspects of vital func- 
tion at work, and 
working themselves 


out along two notably different Tines. We call 
them respectively itislinct and intelligence, and 
the immensely significant fact is that these 
two things have clearly worked, or are clearly 
working, along and in two extremely diverse 
forms of bodily stnicture. Already we have seen 
that animals may bo divided— for Life, indeed, 
has divided itself in them — into two great groups. 
Of these two, the invertebrates are unquestion- 
ably the older, and the vertebrates, or backboned 
animals, arc undoubtedly descended from some 
kind of invertebrates, as yet undetermined. 

But, as we have lately learnt, this docs not 
vertebrates are a direct prolongation 
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of the iiiveriebmtes, and that Life has nothing 
more to say in tlu^ invertebrat(‘s themselves. 
That is the wliolly false* idea of evolution Avhieh 
all students have now abandeuied. While* we* 
admit that the vertebrates have evolve*d from 
the invertebrates, we* must neve*rth(*less in- 
de*pend(mtly anel impartially stuely both the*se 
forms of life, rt‘gareling e*ae*h as an (*xpressie)n 
of the* ('hill vildf^ the* “ One Spirit’s plastie stress,’’ 
anel being epiile* pn'pareel to find in in ve‘rte*brale* 
evolutie>n wonele*rful anel admirable vital peiwe rs 
anel en*atiems, whie li in some re*speH*ts eanne>t be* 
rivalle*el aine)ng 1 he* ve‘rt(‘brate*s, [jerliaps ine lueling 
eveai ourselve*s. 

Man's Sacrifice in Evolution. So far 

as intellige*nee* is eemee*rn(*fl, e)f eourse*, man, more 
than any other ere*atur(*, has i?itinite possibilitie*s 
in fremt of him. Xe*ve*rt he*le‘ss, the'ie* an* ee-rtain 
original junve'rs anel attributes of life* Avhieh man 
has hael te> sae riliee*, along the* line* e)f his e*volutie>n, 
j\ist as the* ve'g(*table* kingele)m has had to saerifiee 
the* awuke‘ning e)f minel within it in orde*r te> 
spe*eialisein ehe*miKtrv. Man, as the re*pre‘se*ntative* 
and e-emsummate* ve*ite*brate*, with his iNhl/h/rnrr, 
has partly saeritiee*el (n.sf{ncf, whieli isanotheV and 
a ditTe*re'nt thing, anel which has re\e*ale*el itse*lf 
astounelingly ame)ng the inve‘rtebrale*s. 

This view of Life, as e‘xpr<*ssing i(se*lf ale>ng the* 
t hre*e* gre*at line*sof ve‘gi“table te)rpe)r, inveTte'luate* 
instine’t, anel \e*rtel)rate* inte'lligene*e*, de)e*s ne)t 
me'an that ne) instine't is to he* le)unel among in- 
tellige*jit be‘ings, nor any psyehie*al fae*ts ainerng 
ve*ge*tahle*s. Most e*mphatie*ally, as an e*sse‘ntial 
part e)f his te*aehing, Bergson ‘insists that se>me‘* 
thing of all these original attrihute*s e.f Life* 
IS in be^ founel in all living things. It is, inele-e el, 
one* of the most impeu’tant aelvanee*s e>f me)ele‘rn 
biology te") luive* femrid, for instane'e*, powe*rs (►! 
synthetic ehe'inistrv analagous te) the ehleero- 
phyllian fimetion of plants in the* animal he)e|y, 
and to hi'iv’e* founel |)owe*rs ol (|uasi-inte*lhge'iit 
adaptation in the* ve*g(*tal)le kiugelorn. It is as 
e*ssential to re*e*ognise* anel stud\ the*se facts as 
to ne)tice iie)W marke-div the* vital ten^lvHCtf is 
different iate*el along the*se* thive* lines. 'Fe,r, 
Ujde*ss we* make* a spe-ci.d stuelv ed <*ae li e>f the se* 
re*ndene*](*s, e)ur view e)f J.ife* as a whole will e er- 
tamly he imp(*rfe*et anel partial. 

Instinct Defined. Tla* careful stueh-nt will 
now be* fe*e*ling re*ady lor ele*liniiions. Neve‘r is 
e*xaet anel pre>|H*r elefinit ion ine)re* iu*e*ele*el than feu- 
^he* wore! ^ instinct,” pe-rhaps the most e-em 
stantly abuse*d worel i!i enir language*.' lh*rgson 
uses the* 'r.mrel in a strictly liniited .sense*, based 
i»|Km the* ],nneipl(* tliat, fiV)m the very nature of 
inshnot, we siioulel study it in its ])ure*.st, me)st 
pe*rfe‘e'te*d, anel late‘st tbrm. And feu- this, 
M*ye>nd epu*stion, we* must go to the inv(*rte- 
hrat(*s ; amemg (lu* inve‘rtehrate*s to the iuse*ets ; 
among the ms(*cts to those which aie e*alled 
arthropods; among the artlirojiods to tho.se* 
w^jcli are kne)wn as tlu* hymenoplera ; and 
ainong the hynu*ne)ptera to the^se* which are* 
distmguishod as se,e*ial. Purpose*Iv, this has heen 
written out m e*xte*ndeel fe,rm, so* as te, show the 
Jfrmciple of inquiry. At e‘aeh stage* we ]>ass 
aleuig the main line* of evolution of invertebrates, 
and at each stage we* find an inte*ns(*r and more 
1924 


important development of instinct than e*vor. 
Jii.st as surely as progress among the vertebrate's 
is at ], resent consummate in man, so among the 
invertebrates it is consummate amo^ig the* social 
ants, bees, and wasps. 

Instinct Reigns in Insects, in all the 

orelinary text -books of zoology will be found a 
list of the* great struedural differences h(*tw(‘en 
ve*rte*l)rate*s and inve*rt(‘f)rHte*s. Te,elay w't* are 
learning to interpret structure in terms of func- 
tion, wdiich makes and uses structure — a fact 
actually of)se*rvcd in inelividiial or in racial I'.volu- 
tie,!!. (an we* the*rcfe)r(' state a ])rofoundcr 
inte'rnal and psychological prineiple*, which 
distinguishes ve*rte‘hrate*s anel inve‘rte*l,rale*s ? 
Thanks to Bergson wc can ; wc see intelligence*, 
as the internal factor, cremating with its “ })lastic 
stie'.ss ’ the* forms e)f verte'hratc boelie's, and 
instinct as the e()rre*s})e)ndiiig inte*rnal factor of 
inve*rte‘brates. 

The Relation of Nerves to Instinct. 

JSiippew* we* aj>ply llie* idea we* have now" 
gaiue'el, anel try te, tinel orde*!’ among the in- 
ve*rte*brate‘.v* by looking for i nerrasinghj efficient 
nisftncf. Or, if we* are* inate'iialistic i)y habit, of 
mind, anel pre*fcr to le)ok for se)nu*tliing tangible*, 
we* may follow simply the ///rm/.s-c of verroti.s 
//.s-.se/c in the* inve*rte“hrate* worlel. In e*ilhe*r e*ase*, 
we* shall r(‘aeh the same* ce,ne*liision, for in- 
e-reasing instinct and ine*re*asing ne*i-v(’*-matter, as 
its instrunu*nt. go te)g(*the*r. The* eourse* it takes 
l(‘adsus up thre)ugh the* worms to tlu* ins(*cts, and, 
k(*(‘ping liolel of f)ur thre-ael. me)rc pe‘rfe*c( insliiiet 
and large*!’ ne*rve'-ee‘ntres, we sur(*ly re‘ae*h the* 
s<)<*ial ants, b(‘(*s, and wasps. Tht*y stanei as the* 
acme of Life* alemg (he* line* eff instinct, ejuitc as 
e*le*arly anel (“asily te>pme>st as man is at the* 
growing- point e)f tlu* line* of inle*lligi*ne.‘e‘. 

We* are lideling e)urselve*s. Ifu* le'ade-r will 
e)l)S(*ive‘. of the* ieh'a e)f e,rganie* e*v(.)lutioii a.s 
linear. Tlu* vertebrate's have* rieit sprung from 
the* .se)eial inse'cts. H<,w**ve*r the*y e'volve'd from 
the* inve*i te'brates. as lhe*y certainly did, the* 
point e)f ele*|,artnre was far l)ele,v\' the* le‘ve*l e)f 
flu* social or any e)flu‘r ins»*ets. Anel T.ife* is 
going on ale)ng the*ir line as well as ale)ng ours. 
'The* dire-etie>ns anel pe)ssibilitie's of J^ife* .are* uejt. 
linite*. not ])re*de'termine'd. He^nce, as Bergson 
says, “ tlu* unfe,re‘s(*e*able* varie*ty of forms which 
Life*, in eveilving, sow's along its ])ath.” 

The New View of Creation. ’riiis 
is .some*thing greater, eliviiu'r than the me*r(‘ 
eairying out e,f a plan, laid down by s(.)mc remoter 
(Ve*ator, e)utside* his worlel. (’re-ative Mind is in 
Life*, and none* can s(*t limits to it. Here are; 
eeiir master's e,w-n mighty words ; 

“ Nature* is nu)re; and’ l)e*tte‘r than a ])lan in 
e*e>nr.sc of rcalisatiem. A })lan is a t(*rm assigned te, 
a labour ; it cle>se*s the* future w"he)se* form it 
iiulicatcs. Before* the* ewolution of life*, on the; 
contrary, the* portals of the* future* remain W'kh; 
<,pe*n. It is a creation that goes on for ever in 
virtue? of an initial mov(*ment. *This movement 
coiLstitutes the unity of the organised W’-orld -a 
prolitic unity, of an intinite richness, superior to 
any that the intellect could divam of, for the; 
intellect is only one of its aspeeds or products.” 

C. W. SALEEBY 
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The Traveller must be a Salesman. Qualifications and Equip- 
ment. Samples Essential to Success. Don’ts for Travellers. 

THE SUCCESSFUL SALESMAN 


A GREAT business may very i\])propriately be 
likened to a widespread empire. In the em- 
pire. there is the capital, or seat of j^ovorninent, 
whore plans are formulated and selu'mes thought 
out. hut these would be useless without the pro- 
consuls and ajjenfs in all the oullyin^ provimes 
to give practical (‘lYect to Avhat is planned at 
headquarters. So in a great business there i.s 
the central office with the well-equipped faetoiy. 
where schemes and developm<;nts are thougld 
out, and various goods or eommoditi(‘s are 
prepared ; but if thes(' are to b(* of value, tlu^re 
is need of loyal and intelligent and ent husiast ie. 
agents all over the country, and i)ossihly all over 
the world, to put the schemes into etTect and to 
jdace the goods on sale. 

Necessity of Successful Salesmen. 
Now, what the pro consul or ambassador is in an 
empire of vide-world sco])o and importance*, the 
traveller is in a great business ; and it is well for 
him to re(;ognisehis imj)ortanee, so long as he do(‘s 
not over-estimate hiinst‘lf personally, and begin 
to feci that his business would collapses without 
Jiini. There may, liere and there, be a- man in 
some part icular sphere w ho is really indispensable, 
which nu'a-iLS that if he dies, or, rather, when he 
dies, his party or cause or business w ill < olla])se 
or, at any rate, gradually di'cline. 

Such men, however, must be very few' and far 
between: and although in great busin<‘sses there 
are men in tlu^ dilTerent departments who have 
doiHi much to Ijiiild iif) the organisation, yet 
when from any cause such men are removed, 
it is astonishing how' soon they are forgot t»*n, 
and how^ well the busiu(*,ss goes on without them. 
It is a good axiom, lh<*rcfor<*, fpr every man to 
rcTiienil)(!r that lie, at any rate;, is not indis- 
pensable to his employers, or to the bnsino.s.s in 
which he may he eiv agt'd. If men only re- 
membered and realised this, there would be far 
fewer promising caieeis cut short, and far nu)re 
iiotahh* successes avihicvcd. 

Importance of the Traveller. At the 
same time, a business man who means to get to 
the top of his particular department must not 
tlmik lightly of his own imj)ortance. If he is 
worth anything at all he must be important, 
and it should be his aim to do better than anyone 
else engaged in similar work. This is particularly 
the case with the cornmereial traveller. He is 
an ambassador of eommeroe, he re])res(*ntH hi.s 
liouse; and the public (‘Stiinate of its goods, and 
the question as to whether th shall i)e in great 
demand or not, dejiends xery largely upon the 
way in which he represents me firm. The Imuse 
is first of all known through its travellers. Later 
on it may come to be know'ii and respected 
because of the high quality and reliability of its 


goods, and because of its business iidegrity, 
but at the outset it is judged by its ri prescntative. 

Travellers should be Salesmen. The 
old names of trav(‘ller and representative, givtai 
to (he men who went about calling upon the 
trade and taking orders for (he manufacdiires 
of (heir (inn. are everywla^re being given up 
for that of salesman. 'I'wenty years ago, in this 
country, at any rate, the word salc^sinan was 
a})plied almost exclusively to the* man h(*hind (Ik* 
count ('!■, and the W()i‘d conjured up (he vision 
of an a.s.sistant in a provision shop or g(‘neral 
store, with a white apron and shirt-sleeves. 'Fo 
ap])ly such a term to a eomiiK'rcial trav(‘llcT 
would have been regarded as a positivi* insult. 
Bui we have, learnt h(‘tt(‘r from our Ameri<*an 
cousins, who invariably us(* the word salesms.n 
wh(‘n they are n'ferring lo the travellers or 
requesentatives of a business house. 'J’he term 
.‘-.aiesman is now reganh'd as a c •0!tq)liment by all 
really good travellers, for in the use of the word 
is implied the fact that a man doc's not nK‘r(*ly 
travel about and represi'ut liis lionse - anybody 
could do that - ]>ut be s(‘lls the goods, which is 
the very n‘ason for his (‘xislence. And (ho more 
truly a man can he desi'iih(*(] as a salesuiari, the 
more suce(‘ssful in lib* is he lo be regarded. 

Qualifications of a Salesman. Lverv 
man cannot make a sueees.sful salesman. A cer- 
tain aino»mt of nat viral ability and (jualihcation 
is necessary. Just as a man who is naturally a 
stutterer eouUl nevv'y bopi* to l)e<‘onie a sueee.-sful 
pr(‘acher or a ])opular orator, so some men have 
natural disa(ivan(ag(*s— undue self-uonseious- 
ness, for instanev* - w hich debar them from 
attaining mueli success as sal(*smcn. Hut it. 
must not he (hnuglit that any UKax? natural gifts 
will ensure success. A fir(‘acber or orator needs 
more evjuipmcnt (ban a glib tongue, and the 
salesman w ho ha.s all t he natural gif^ s and (pialifi- 
tions i.e.;essary will have to think bard and 
work hard (o attain tin* success he desires. 

What, then, are the principal (pialilieations 
for a successful sak'snian ? He must have tact, 
a ec*rtain readinc'ss of speech, a more or less 
elb'ctive presence, a knowledge of men, and an 
ability to rt'ad charactv'r (luiokly either from the 
face or from the lirst few sentences of a con- 
versation, good powers of observation, a sound 
education, and a fair all-round knowledge of the 
world of today as revealed in the new'spaper and 
c urrent literatures ; and, furthc^r, he must show^ 
his enthusiasm for tlio goods he carries and his 
knowledge of them, and must be known for Ins 
intc'grity. Misrepresentation is of no use in 
salesmanship today, and the man w hose w^ord 
can be absolutely relied upon is tlie man Avho will 
in the long run xvin as a salesman. Above all. 
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he must be an optimist. It goes without saying 
that a salesman who is going to win through 
must have a good deal of tact. In no department 
of a great business are tact and diplomacy so 
necessary as in what has been described as face- 
to-face selling. And this tact, it must be em- 
phasised, is not merely the tact that comes as a 
natural instinct ; it is the tact that results from 
the careful study of men. Anything that can be 
discovered about the man upon w hom a traveller 
is going to call, his likes and dislikes, his character 
his hobbies, his health, and so on, are all valu- 
able assets, and will not only give friics for 
conversation, but good sco])e for tactful handling. 

The First Qualification. Tact may 
almost bo described as 1 h(^ salesman’s first quali- 
fication, given, of course, that his appearance is 
w'hatit sliould be in ortler to create a favourable 
first impression. It is by the exercise of tact that 
bo makes his first approach, and if he is able to 
tell in a moment whether or not the opportunity 
is favourable, and just how* to begin the conversa- 
tion, he may be pretty sure that he has in him 
the possibilities of a really successful salesman. 
Some travellers w^hon they are k<qit waiting for 
a long time begin to show' iinpaticn<;e by looking 
at their watches, tapping with their foot on the 
floor, walking about and sitting down alter- 
nately, or in some such w ay. Anything more 
tactless it is difficult to conceive. Even if a 
salesman be treated rudely, he must not lose his 
temper ; and it is nowhere so true as in sales- 
manship that “ a soft answer turneth away 
WTath.” If a prospective custon\er is rude, the 
traveller must ai)pear not to notice it ; if the 
man gets angry, it is better not to attempt to 
talk to him, but rather to wish him good-day 
and promise to call again. Something that 
o(icurred before the traveller's visit may have 
greatly upset the man, and to attempt to discuss 
business with him w ould be worse than useless. 

Where Tact is Needed. Many instances 
where tact is needed will occur to the mind. 
If, for instance, a shop is full of customers and 
the tradesman is busy, it is wise for the salesman 
to say that he will call again. If tlie day is wet, 
he must be careful not to stand his dripping 
umbrella where the water from it will do harm 
or make au unsightly |iuddle. Orders have been 
lost before now' by overlooking a simple matter 
like this. A tratlesman may easily be upset on a 
wet day, w hen business is probably much slacker 
than it would be if the day w'ere fine. In pre- 
senting samples, the salesman must be careful 
not to litter them about the counter, or office, or 
shop ; and when going into a shop that has 
carefully built -uj) shows of small packages, he 
must see that he does not clumsily knock 
anything over. Here tigain instances of orders 
being lost through carelessness are not unknowni. 
It is very easy in a small shop for the coat- 
tails to sw'ecp jsomc small article from a stand. 

flow Not To Do It, Speaking of tact, 
much might bo said of how not to do it. A 
salesman should not go blundering into a shop 
full of people, noisily drop his sample-cases on 
the door with a sigh, ask the nearest assistant 


where the “ boss ” is, and when he is pointed out 
go up and blurt out his business, irrespective of 
the fact that the proprietor is addressing a 
customer over the counter. Such may seem an 
exaggerated description of how tactless a traveller 
can be in trying to turn a prospective purchaser 
into an actual buyer, but, though it may be 
exceptional, it is a real instance of what actually 
took place recently. 

Th(' appearance of the traveller counts for a 
good deal. He should be neatly dressed, w ith a 
leaiiing to smartness, though without giving 
an impression of fop])ishness. In the old days, 
frock-coats and top-hats w ere de rigueur for all 
travellers of first-class houses. Now, however, 
things are mu(;h freer, but a traveller should 
always be w ell dressed and well groomed. 

A Saleman*s Smile. Then a salesman 
should alw ays look cheerful. A bright, optimistic 
.smile counts for a groat deal. It puts the other 
man in a good humour, and may go a long way 
towards inclining him to become a buyer. It 
has been said very aptly that “ a cheerful smile 
is one of the most effective weapons in the 
armoury of a salesman. A (iuitiish buyer is more 
quickly disarmed by a cheerful greeting than by 
any other means. A salesman should ahvays 
have the face of a winner.” H be turns up at a 
shoj) with a disappointed expression, suggesting 
that he luis bookccl no orders so far that day, and 
does not expect to hook one there, then he is 
searcely likely to prepossess the prosjiective 
buyer in favour of himself or his goods. 

At the same time, it must not be supposed that, 
so long as a man wears a smile and is fairly 
optimistic about success, he w ill make a good 
salesman. Salesmanship is much more than 
knowing liow' to smile. “ Good humour and 
friendliness,” one writer lias said, ” are not the 
main jieaks of salesmanship. They are no more 
than the foothills. T'o reach the pinnacles of 
salesmanship a man must have great qualities of 
mind as well as great qualities of disposition. 
He must have a brain that can play chess witli 
the public. He must he alert, receptive, master- 
ful. He must have his profession mapped out in 
large lines, and he must take his job seriously, as 
one that reipiires severe mental concentration.” 

Opening the Conversation, So much 
depends upon the tirst opening of the conversa- 
tion that it is almost essential for a salesman to 
be a man of some readiness of speech. He need 
not be glib of tongue, but he should bo able to 
judge his man, and to open with some remark 
that w'ill interest him and get his friendly atten- 
tion. It is a big mistake to have ^formal and 
stereotyped ways of dealing with customers — 
canned salesmanship, as it is called in America. 
No two men are alike, and it is necessary, there- 
fore, to tackle each man as an individual different 
from all others. If the salesman can find out 
beforehand something about his prospective 
purchaser he will know how to interest him. It 
must not be supposed, however, that some 
roundabout way of coming to business is neces- 
sary. The old days when a traveller spent hours 
with one customer, discussing with him every 



subject under the sun, have passed away. Life is 
too strenuous for that nowadays. The salesman 
has got to get round his territory, and cannot 
afford to waste time, and in any case the trades- 
man will not want too much of his time occupied. 
Business must bo treated as such, and a true 
salesman, who feels that he has a good proposition 
to put before his customers, will not feel any fear 
in getting to the point as quickly as possible. 

The Value of Adaptibility. The sales- 
man must be essentially an atlaptable man. The 
customers he will call upon have various ideas 
of how business should bo conducted, the kind 
of goods that are likely to sell, and so on, and the 
traveller must quickly adapt himself to the man 
he is handling at the moment. The man's 
methods can b<3 gathered largely from the stylo 
of the shop, the way in which the goods are 
exhibited, the type of assistants he employs, and 
the way they handle the customers. It is, in 
fact, a very good thing if a traveller has something 
of tlie Sherlock Holmes in him. Quick powers of 
observation are valuable in enabling one to take 
in a situation at a glance. 

Tact in Conversation. In talking with 
a prospective purchaser it is always wise to fall 
ill, as far as possible, with all he says. This will 
put him in a good humour, and predispose him 
in fiivour of the salesman. “ Never argue with a 
customer,” was the advice of one of the most 
successful business men in America. “ Let the 
customer win. You are not out to argue, but to 
s(*ll, and it is a good axiom to hold that the 
customer is ahvays right.'" A man must be 
approached from his own standpoint. The 
salesman must try to put himself in the place of 
tile prospective purchaser, and the sculling argu- 
ments he uses should not necessarily bo those 
that appeal to himself, but those that, from hi.s 
knowledge of the buyer, he knows must appeal 
to that individual. “ Put yourself in bis pliute,” 
is an injunction that must never be forgotten by 
the salesman mYio is aiming at the highest success. 
At one time a great deal of so-called salesman- 
ship was mere cajolery after the prospc(;tivo 
customer had been moie or less fuddled by drink. 
Now, however, the drinking habit is being more 
and more dissociatetl from buying and selling, 
and a keen custom(?r has to be persmided by good 
reasoning, and insjiired by the evident faith of 
the salesman in his own goods. 

The Best Selling Argument. The 
traveUer must, of course, know all the points 
about the articles he is selling. The quality of the 
materials used in their manufacture, their advan- 
tages over rival commodities, the advanced scien- 
tific methods used in their production, and so on, 
must all be at his finger-ends, and ho must be 
able to show the customer convincingly why it 
will bo to his advantage to buy. If his goods are 
dearer than similar articles of other firms, then 
he must talk up the quality ; if they are cheaper, 
then he must point out the financial advantages 
to the tradesman of buying from him. 

sal^man cannot know too much about 
his goods. He must get the full story from his 
sales manager^ but he can supplement this with 
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outside information culled from his reading in 
newspapers and books. If a man is on tlie 
look-out for points that will have a bearing on 
his salesmanship and selling argument, it is 
astonishing how much he will find in his daily 
paper that will* bo of use. In fact, it is a very 
good thing for a salesman to keep a common- 
place book in which he can stick or write any- 
thing that may be useful to him in this way. 

Convincing Faith. Above all must the 
salesman believe in his own goods. He mu^t 
show by all that he says that whatever othcis 
may say or think, ho, at any rate, has unbouiKhMl 
faith in what he is selling. No time should bo 
waste<l in denouncing the goods of rivals. 
Bather should every moment available bo 
utilised by the salesman in pointing out the 
virtues of his own articles. He must not talk in 
exaggerated terms, for misrepresentation, though 
it may secure a first order, will never bring 
repeats, and it is the repeat orders that really 
count in sales manshij>. Faith is remarkably 
infectious, and if a possible purchaser sees that 
the salesman has absolute faith in what he is 
selling he will eventually come to believe in the 
goods himself. 

Never Over-TalR. The mistake that 
many travellers who are ready of speech make 
is that they talk too long. No man will succeed 
with a keen buyer on account of his much 
speaking ; nor will the story of the unjust judge 
and tlie importunate widow hold good in sales- 
manship. A keen buyer can never be worried 
into buying, and even if ho could it would be a 
great blunder to get orders that way, for ho 
would not allow himself to bo worrit by the 
same salesman a second time ; his resentment 
would be too keen when he came to himself. 

A salesman must be careful, too, not to appear 
as if he were trying to teach the tradesman liis 
business. Of course, this is what he has got to 
do, but he must do it in such a subtle and clever 
way that the customer does not realise what is 
going on. No man likes to feel that he knows 
less how to run his business than a stranger, and 
that the stranger ran teach him a great deal 
that he does not know. This is ^vhy it is so 
essential that the salesman must be a gooil 
listener. He must be sympathetic to all that his 
customer says, so as to secure his confidence. 
Then he w ill bo able to do a great deal by quiet 
suggestion. 

It is a mistake to do too much direct pressing for 
orders. Rather must the buyer be led on in such 
a way that ho will feel that the initiative has 
come from himself. At the same time, when a 
man has been moved to consider favourably the 
goods that are shown to him, the salesman must 
not rest content until he has clinched the matter. 
Most travellers can get inquiries, but these must 
result in orders, and this can only be done by 
persistence and hard wnrk. As has been said, 
“It doesn’t take a magician to turn inquiries 
into orders ; it takes a salesman.” 

Meeting Difficultiea and Objections. 
All kinds of difficulties and objections will bo 
raised by customers, and these must be met 
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wisely and convincingly if success is to attend 
the salesman’s efforts. If the selling department, 
with its sales manager, is thoroughly efficient 
and alive to its duties it will pass on to the sales- 
men a list of all })0S8ible objections, with model 
answers, which can form a basis, for the traveller 
to work upon. But even if such material is not 
provided for him by his chief, the salesman should 
equip himself for evety possible contingency by 
making out a list of objections that are advanced 
4 is reasons for not buying, and should then think 
out the very bt^st way of meeting these diffi- 
culties. He should commit all this to writing, 
and revise it from time to time as he gets fuller 
experience, and eventually he* will have a very 
convincing and conclusive selling argument for 
his goods. Naturally, the more fully he is pre- 
pared ill this way the greater will be his success a-s 
ho goes round among possible purchasers. 

The kinds of objections that will be raised arii 
such as thesf^ : The j^oocls are too dear ; wc are 
already satisfied with another make or brand ; 
wc are overstocked ; we do not know your good.s ; 
wc find there is no public demand for your 
articles ; you do not advertise sufficiently, 
and so on. Every fresh objection raisiul as the 
salesman goes around should be carefully noted 
in a book, and a convincing answer thought out. 

Handling Men Aright. The handling of 
men in such a way as to win their confidence and 
their busint'ss is a thing that needs cidtivaiion, 
and every day’s experience should make one 
more able and efficient. “ A living man,” one 
writer points out, “ is the most corrijilcx mechan- 
ism in the world. Compared to him, a locomotive 
is a play-toy. The slightest blunder may cause 
him to work badly and to break down ; yet there 
are no jiririted directions attached to him. All 
we can do is to watch his eyes and do our best.” 
This is tru(% and makes it evident that only by 
care and cultivation can a salesiiian make 
himself able to handle men so as to draw orders. 

Samples Essential to the Salesman. 
JJo traveller can expect to do business who does 
not carry as full a range of samples as possible. 
The man who looks iqion these as a nuisance, 
and is too gentlemanly to take round with him 
a good-sized bag or cas(‘, may be a ])leasant talker, 
but he is not likely to make many new customers. 
i'«‘OpK‘ nowadays, more than was ever the case 
before, want to see what they arc buying ; and if, 
when a sah‘sman is explaining the advantages of 
his goods and the reason why the prospective 
eustomer should buy them, ho can bring out an 
attractive sample of the very goods in question, 
ho will have done that which in many cases will 
clinch the argument and draw the order. 

Method of Carrying Samples. This 
question of sam]>les is receiving more attention 
today than e^ver it did. Many up-to-date bnsi- 
laesses, ])articularly on the other side of the 
Atlantic, arc going to great expense in providing 
really attractive and effective sample-cases for 
their travellers, and, where the goods are too 
largo and heavy to be carried, it is getting more 
and more the custom to provide small working 
models. It has been found in the case of machin- 
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ery, for instance, that such models, although 
costly, more than pay for themselves by the 
inert^ased orders which result. Photographs and 
diagrams are, of course, good as far as they go, 
but these working models visualise the whole 
thing, and save a great deal of explanation to 
which busy buyers will not always listen. 

Renewing Perishable Samplee. It is 

up to the salesman himself to see that the 
samples ho carries arc clean and fresh. Where 
the goods are perishable and deteriorate with 
shaking and travelling, as in the case of many 
foodstuff's, then fresh sani[)les niiist be obtained 
from tiryu‘ to time. To show a defi'ctive sample 
is worse than to show no sainpU^ at all, for an 
apology is needed, and the traveller who has to 
begin by apologising for what he is showing and 
selling is scarcely likely to conviru^c a customer 
of the advantage of his proposition. The goods 
must always be shown at their best, and as 
nearly as possible in the w'ay they will be offered 
for sale by the purcluiser in his shop. Some houses 
whose goods are packed in bottles have small 
show-cases prepared which will pack in a fair- 
sized leather bag of the attach^ type, and as these 
arc easily removable the salesman can take out 
the show-ease, and stand it on the customer’s 
counti'r, so tb.it he may see how tin? line will 
appear in his shoj) if he tk\*ides to buy. Such an 
arrangement is always found to pull in business. 

A good selling argument in the case of a food 
is to get the iirospectivc purchasiT to taste the 
stuff, and for this purpose, small individual jars 
or jyaekets, with spoons and, if necessary, little 
plates, can be i*arried by the traveller. Methods 
vary, of course, aciJording to the character of the 
articles to be sold, but to an ingenious salesman 
whose heart is in his work, and who giv(‘s hours 
of thought to devising new methods and schemes, 
many useful suggestions will occur of making thi^ 
best- of his samjdes. The jninciple applies 
w'hether the traveller is calling upon the retailer, 
the wholesaler, or the manufacturer. 

Demonstrations to Customers. Tn some 
businesH(‘S the showing of sampli‘s is done on a 
v(*ry <*laboratc scale. An Am(*rican house which 
sells an apj)aratus useful to retail shoi)s, and has 
branches in almost every ]>art of the world, gives 
effective demonstrations which are most carefully 
organised. When the salesman arrives in a town 
he takes a room at an hotel, arranges his appara- 
tus on a table, with cloth of a certain shade as a 
background, so that the machine may be seen 
at its best. If necessary, ho goes to the expense 
of having the electric lights in the room shifted, 
so that the rays may fall directly upon the 
apparatus. When everything is properly arranged 
he goes round to the" various tradesmen in the 
town, and persuades them to make an appoint- 
ment to come to the hotel to see his machine. If 
necessary, ho will send a cab for them, and he is 
always ready to suit their convenience by seeing 
them in the evening after their shops are clos^. 

The salesmen of this company know their 
business thoroughly, for they are systematicQJly 
trained in classes before they ever go on the road, 
and they know the whole story of their goods. 
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They have a travellers’ manual given to them 
by their firm, which is a work of art in the clever 
ingenuity with which every possible point in 
favour of the goods is set out to the fullest ad- 
vantage, and every possible objection answered 
in the best possible way. The men who work 
for this firm are fortunate in being so well 
provided with data — the accumulated experience 
of a g(meration of tlu^ world’s finest salesmen. 

But what these salesmen do, other men, 
working for other firms and in different lines of 
businc'ss, can also do. Tf the story of the selling 
scheme is not provided for them ready-made by 
their sales manager, they (^an build up then- 
scheme and story and methods themselves. 
And certainly, of all methods likely to prove 
successful, demonstrations must take a high 
place. Particularly is this true in th(i case of 
domestic appliances that work, such as vacuum 
cleaners, apple j^eelers and conus, and so on. 
Two minutes’ actual demonstration of their 
capabilities will prove more convincing than two 
hours of (explanation. 

Enthusiasm Needed. It is not surprising 
to know that all the most successful salesmen 
are meji who have a great enthusiasm for their 
firms and for the goods th(\y carry. Every 
sal(‘sman should believe that his own firm is the 
very best for the pai-tieiilar articl(‘s that he is 
selling. If he docs not conscientiously think this, 
he may try to persuade a i)ros])ective customer, 
but there will be an air of unreality about his 
argument, and onhu-s will not come rc'adily. 
Enthusiasm is remarkably contagious ; and 
though a salesman must not let his enthusiasm 
carry him away until he exaggerates and 
defeats his own pur])ose, yet lie must let it be 
seen that he believ(*s in his firm and its products, 
and takes a real plcasun' in earrying the goods 
* d offering tlieni for sale. 

Difficulties of the Salesman's Work. 
The salesman’s work is not easy. He has a difficult 
and arduous task. As someone has said : “It is a 
salesman’s business to change*, minds, to overcome 
prejudice's, to break down bad customs, soften 
stubbornness, and let the light of r(*ason into 
dark places. What is more^ to be desired than 
the ability to influence the minds of men and 
to change them for the mutual good e>f the buyer 
and seller ? 

* Emerson said : ' He is groat who can alt(»r 
inv stale* of mind.’ He may have^ been thinking 
of salesmen when he said it.” This is perfectly 
tru'% and it must be r<*iiieiubered that the sales- 
man’s task is difficult because he is engaged in 
an argument with a man who is probably as keen 
as himself, and ho has got to bring the man 
right over to his way of thinking. He cannot 
meet him half-way, or no sale will result. With 
increasing competition salesmanship grows in 
difficulty, and it is because of this that better 
and cleverer men are^ needed as travellers now 
than used to be the case. 

Remuneration of Travellers. Salesmen, 
are paid in various ways. In some businesses 
it is the rule to i^ay entirely by means of a salary, 
and any expenses that may be incurred have to be 


met out of this salary. Such an arrangement is 
satisfactory enough when the travelling is con- 
fined within a certain compact area, as, say, a 
district in London, so that fares will not conic 
to be a very big item, and where the salary is a 
fairly, generous one, sufficient to cover all the 
incidental exjienses of a salesman's life. But 
in most cases the payment for services rendered is 
kejit cjuite distinct from and independent of out- 
of-pocket expenses. With regard to the expenses 
some firms are very broad, and merely want a 
note each week stating in a lump sum what the 
expenses are. But the tendency is toward greater 
strictness, and in the majority of businesses more 
or less detailed accounts are required. A form 
has to be filled u]>, and this has spaces for railway 
fares, cabs, meals, incidentals, and so on. This 
greater strictness does not mean that good 
firms (‘xerciso a cheese- paring jiolicy towards 
their salesmen ; they alvays recognise where 
necessary adeepiato expenses must be incurred, 
but they set their faces against a policy that was 
at ont^ time common on the part of salesmen of 
adding substantially to their incomes by piling 
up a bill of fictitious expenses. 

Salaries and Commission. The most 
usual method of paying sale'smen is by salary and 
commission. A man receives a certain moderate 
salary, sety, £150 or £2(M) a year, and then he is 
allowed a commission of one or two per cent, on 
all the business he does above a certain amount in 
the course of the year. The salary is jiaid 
weekly or monthly, and the commission account 
is usually made^ u]> and ])aiel once a quarter oi 
half-year. Thus, siqipusing a traveller is given 
a salary o{ £150 a year, and one and a half per 
cent, on all the business he brings in above ten 
thousand pounds, if he docs thirty thousand 
pounds’ worth of business his income for the 
year w'ill be £450. This is really the most satis- 
factory method of payment for both sides. The 
firm feel that they are paving by results, and arc 
more ready to let the; traveller make; a large 
income than if he Avere; ge*tting merely a salary, 
and the traveller has his future within his OAtn 
hands, and has got every incentive to do his 
utmost to increase the business he is doing. 

The Prospects of Salesmen. Of course, 
the profession of .valesmiin is like every other 
profession, in that remune*ration varies greatly 
acejording to the firm, the goods carried, and the 
traveller himself. Some of the smaller firms, 
started on little capital, and dealing in goods of 
no ])articular standard, do not pay their travellers 
very well, and indeed they often take advantage 
of the competition in {he profession and the 
misfortunes of i)articnlar men and put them on 
commission alone. With an article for which 
there is no great demand, and with which the 
market is already overstocked by reputable 
firms, this is a very poor proposition. But with 
good firms making a w-ell- advertised article of 
recognised worth, salesmanship provides a good 
• opening for an energetic and clever young fellow 
not afraid of hard work and not too thin-skinned. 
He may have to start w'ith a small salary and 
no commission, but if he can make good it will 
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not be long before bis firm will encourage him 
by raising his salary or giving him commission, or 
doing both. Good salesmen are not too common 
for a big first-class firm to run the risk of losing 
a man who shows promise, and after a few years 
alive salesman should be able to make an income 
of £400 or £450 a year. 

Disadvantages of Salesmanship. The 

great disadvantage of salesmanship is that com- 
paratively few men can hope to get beyond the 
figure named — £450 a year. A man is dependent 
entirely upon his own efforts, and as he can 
cover only a certain area in a single day, and can 
see only a certain number of men in the time 
available, his opportunities must necessarily l>o 
limited. There is a })oint beyond which the 
best man cannot go. On the other hand, there 
arc compensating advantages. When a traveller 
has been on the road for some years he has made 
a number of regular friends, and orders come in 
more or less automatically. This makes the work 
easier and pleasanter than it was at first, and the 
only danger is that the traveller finding this 
may slacken off in his efforts, and thus leave 
opportunity for rivals to come in and get some 
of the business in his territory. Then, agiun, 
though there is a limit to v hat a man can maki' 
while he is actually on tlie road, if lie is really 
keen and smart, and shows he knows the whole 
science of selling, ho may be offered the post of 
sales manager in his firm, and this gives him 
almost infinite scojie. Many of our great sales 
managers have been on the road, aiui, in fact, it 
is almost impossible for a man who has not 
travelled as a salesman to prove truly successful 
as a sales manager. 

The Orders that RanK for Commission. 

A question sometimes arises in connection with 
the allotment of (joni mission that causes a good 
deal of friction, and for this reason there should 
be a distinct understanding between a salesman 
and his firm from the outset. Are all orders 
received from liis territory to rank for commission, 
or is he to be paid his percentage only on those 
oSxlers that he takes directly ? Some iirms insist 
upon the latter interpretation, but it must be 
said that this is scarcely fair to the .salesman, 
who may have cuJtivateti and uorked hard at a 
])articular prospect, and then, wlien the order is at 
last given, he may lo.se his hard-earned reward. 
This is recognised by most firms of standing, and 
all order.s that come off the ground, wlu ther from 
the traveller or direct from customers, are re- 
garded as being the traveller's own work, and on 
every one he draws comini.ssion. 

Motors for Travellers. For sparsely 
populated districts with few large centres the 
motor has proved a great boon, and the tendency 
to work a territory thoroughly has led many 
firms to supply their travellers in such districts 
Y’ith small cars. These enable the smaller trade 
to be called upon systematically, and though it 
may be considered wise to pass the orders that 
result through the wholesalers, yet it is generally 
found that the car pays. The traveller, there- 
fore, who means to get on, even if he is not 
required to use a car on his present territory, 
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should equip himself for every eventuality, and 
should see that he learns how to drive and the 
elements of handling the engine and machinery 
of a car. He will then be ready if his own finii 
offers him a car, or if another firm gives him an 
opportunity to take a berth more remunerative 
than the one he has, with the use of a small car. 
The motor -cycle, too, has come into use for 
covering scattered territories, but the objection 
to it is that the rider gets so dusty and dirty 
as to be not very presentable. 

Some salesmen carry the goods of two or 
more firms. This is never very satisfactory, as 
each firm is liable to think ho gives too much 
time and attention to the work of the others ; 
but, of course, it is legitimate enough, provided all 
the firms concerned recognise that he is travelling 
for others as well. It is, however, of course, 
quite outside legitimate work for a salesman to 
be working a second line of goods unknown to 
hi.s principal firm, and if dis(^ovcred would un- 
doubtedly ro.sult in dismi.ssal. This is only 
mentioned because the rights and wrongs of 
such a course are sometimes asked by young 
travellers. Of the commercial traveller abroad 
something i.s said in another part of the Busin ES.s 
Section of this book, but, although there will be 
new problems to face in new countries, the 
principles of .sah'siminshi]) are c.s8cutialJy the 
same all the world over. 

Don*ts for Travellers. Someone has 
compiled a number of don’t s for salesmen, and 
these are worth rey)eating and remembering. 
Don’t leave your samples at home. Don’t fail 
to point out their good points. Don’t exag-* 
gerate, but don't forget anything. Don’t talk 
too (|uickly. Don't fail to get the attention of 
your prospective buyer. Don’t fidget when 
talking. Don’t be clumsy. Don’t speak indis- 
tinctly. Don’t shout. Don’t forget to be a 
good listener. Don't tell the .story of your 
goods as though you were reciting. Don’t fail 
to answer all the objections advanced. Don’t 
try to be eloquent. Don't try to bo humorous. 
Don't forget the need for hard Avork. Don’t 
fail to create interest. Don't lose your tem|)er. 
Don't fail to clinch the order. 

Salesmanship a Science and an Art. 
In conclusion, it maybe well to emphasise once 
more the fact that salesmanship is no by-play — it 
is both a science and an art. 

“ There is a certain fund of knowledge relating 
to the profession of salesmanship,” says a writer, 
” and a certain lot of principles by which the 
salesman, consciously or unconsciously, works 
which amount to a science. By the ‘ art of sales- 
manship,* wo mean the actual practice of selling 
goods, the actual calling on customers, the 
displaying of samples, the presentation of tolling 
arguments, the taking of orders, the application 
in business life of the knowledge comprising the 
science. Between the science of salesmanship 
and the art of selling there is much the same 
difference as between studying the law in a 
university and practising it in a court.” 

This is perfectly true, and it shows the necessity 
for the would-be successful salesman to be both 
scientist and artist. CHARLES RAY / 
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PROPERTIES OF LIGHT 


YJT/e now reach a more difficult inquiry, in 
™ the courHC of which we shall V)o ablti (<i 
elucidate some of the laws of the rcfleetion of light , 
or, at any rate, to define them. We are discussing, 
it must be remembered, not light in itself, but tiu? 
relation between light and material bodies, and 
though we may be able to use terms and define 
them, we are very far indeed from being able to 
explain the facts which they indicate. Take 
such terms as transparent translucent, and 
opaque. We know what is meant by the first, 
though the i<h»aily transparent substance has 
yet to be found. A lens of glass or the trans- 
parent structure at tlie front of the eye will let 
through by far the greater part of the light that 
falls upon it, yet some light is always thrown 
back or r(‘flected, and in so far the lenft is opaque. 

The terms are relative. A substance w'hich is 
translucent occui)iea an intermediate place, but 
obviously there is no hard and fast line to be 
drawn between ground glass and the glass of our 
window-frames. The differerice between the 
transparent and the transluc(‘nt glass is this, 
that the light ])asses through the first without 
being distorted or scattered, wdiereas the trans- 
lucent body allows the light, or most of the light, 
io pass through so that objects seen through it 
hav(» their form proportionately distorteil or 
entirely obliterated. Bodies are visible — for 
instance, a pane of glass is visible — exactly in so 
far as they are not transparent, if the pane be 
])erfcctly transparent — to approach which condi- 
tion at all it must be ])ei’fectly clear — it is 
necessarily invisible. 

The Facts of Reflection, Having 
defined the terms transparent, translucent, and 
opaque, and having noted the fact that light 
may be absorbed by a material body, we must 
now inquire into the laws w^hich d(?t(Tmino 
reflection of light from those bodies w'hich, 
exactly in so far as they tlo reflect it, are opaque. 

“ When a ray of light,” says Professor Tait, 
“ moving in one homogeneous medium falls upon 
the bounding surface t>f another homogeneous 
medium it is, in general, divided into several 
pai\s, which pursue different courses. These 
parts arc respectively (a) rejtecied, (b) refracted 
(singly or doubly), (c) scattered, (d) absorbed'' 

In certain cases the whole of the light is re- 
flected, and this w^c call total refteclkrn. In 
general, the reflected portion of a ray of light is 
much greater when the new medium is, for 
instance, mercury than when it is, for instance, 
water or glass. But, ajjart from these differem^es, 
the rule is that the amount of light which is 
reflected in the case of any given medium is, in 
general, greater as tlie angle of incidence is 
greater. This, in ordinary language, means that 


the more obliquely fhe light approaches the sur- 
face, the greatiT is the amount of it w’hich is 
refiect(‘d. In the case of surfaces which do not 
scatter the light, the portion of the ray which is 
refracted — that is to say, passed through after 
bending- -consists of all that is not reflected. 
TTeiicti it follows that the refracted portion of 
the ray in such cases diminishes as the angle of 
incidence increases. 

Scattered Light. Before w'e go on to 

consider the laws of reflection from smooth sur- 
faces, we must discuss that irregular reflection 
from irregular surfaces which is called the 
scattering of light. In such cases ” the common 
surface of the two medifi becomes illuminated 
and Ijehaves as if it wert^ itself a source of light, 
sending rays in all directions” (Tait.) Ground 
glass affords a familiar instance of a substam^e 
wdnch scattei*s in all directions the light that 
falls upon it. Thus, wdn^n a piece of ground glass 
is inter pos(*d betw^een the eyt* and a source of 
light, the light is scattered at the surface of the 
glass, which becomes visible at every point, wliilo 
the form of the source of light can no longer be 
detected. We have already seen that such glass 
w'ould bo technically described as translucent, 
and w’o now see that translucence depends upon 
the scattering of light. 

When light falls upon an opaque body, the 
surface of which is not polished, it is reflected 
and scattered. Hence all points of the re- 
flecting body are visible to the eye, notwith- 
standing what W'e shall afterwards come to 
recognise as the laics of reflect ion. The action 
of these law's presents a similar result when the 
surface of the body is polished. In such cases 
the surface may become quite invisible, as, for 
instance, wdieii one w'alks into a mirror by mis- 
take ; or it may be visible only if the eye be 
})laecd at a certain point. The b(\st description 
of the scattering of light and its relation to re- 
flection is given by the late I’roh'ssor Tait, one of 
the greatest j)hysicista of the nineteenth century, 
and the coadjutor w'ith the late Lord Kelvin in 
the production of the greatest of all w'orks upon 
physics. We will, therefore, quote his authori- 
tative words. He calls the paragraph which w'c 
quote the “ Visibility of non-lumimus objects." 

Visibility of Non«luminous Objects, 
“it is by scattered light that non-luminous 
objects are, in general, made visible. Con- 
tract, for instance, the effects when a ray of 
sunlight in a dark room falls upon a piece of 
liolished silver and when it falls on a piece of 
chalk. Unless there be dust and scratches on the 
silver you cannot see it, because no light is given 
from it to surrounding bodies, except in one 
definite direction, into which (practically) the 
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whole ray of sunlight is diverted. But the chalk 
sends light all surrounding bodies from which 
ally part of its illuminated side can be seen, and 
there is no special direction in which it sends a 
much more powerful ray than in others. It is 
probable that, if we could with sufficient close- 
ness examine the surface of the chalk, we should 
find its behaviour to be of the nature of reflection, 
but reflection due to little mirrors inclined in all 
conceivable aspects, and at all conceivable angles, 
to the incident light. 'J’hus, scattering may be 
looked upon as ultimately due to reflection. 
When the sea is perfectly calm w'c see in it one 
intolerably bright image of the sun only ; but 
w'hen it is continuously coven'd w’ith slight 
ripples, the deliniie image is broken up, and wo 
have a large surface' of the water shining by what 
is virtually scattered light, though it is really 
made up of parts, each of which is as truly reflected 
as it was when t he' surface was flat.” 

The Laws of Reflection. 'Phe first law 
of reflection is as follows : When light is reflected 
from a surface, tlu' ineudent rays of light, the 
normal to Uie surface, and the reflected ray of 
light, are' all in the same plane. 

By the normal to the surface is meant a straight 
line drawn from the surfac'c at the point where 
the light strikes it, so lus to be perpe ndicular to 
the surface. 

The second law of reflection states that the^ 
^aiiglc between the incident ray and the* normal is 
the same as the angle be'tw'ce'ii the refle'cted ray 

and the normal ; 
or, in in ore familiar 
language, the angles 
of incidence is 
e'qual to the angle 
of reflee^ion [see 
illustration]. These 
two laws may be 
staled in another form. 'J’he angle o( ine;ide'nce 
tind the angles of reflect ion arc equal to one another, 
and in one plane. Or, in yet other terms, the 
incident and reflected rays are in oiu' plane with, 
and are equally inclined to, th(? p(*rpendicular 
to the reflecting surface at the point of incidence. 

The Law of Least Time. From the huvs 
of the reflection of light, it follows, according to 
what is knoAvn as FermaVs law, that the path 
taken by a ray of light, once reflected on its 
e(Kirse between two points, is that which can be 
travelled over in the least possible time. This 
can be stated more comprehensively thus : If a 
ray jmss from one point to another, after any 
number of reflections at lixed surfaces, the length 
of its whole path from one point to the other 
is the least possible — subject to the condition 
that it shall meet each of the reflecting surfiices. 

“ For the point in a given plane, the sum of whoso 
distance from two given {loints (on the same 
ajdo of the plane) is the least possible, is that to 
winch, if lines be drawn from the points, they 
are in one plane with the normal or per}>endicular 
to the given plane, and make equal angles with 
it.” The reader should draw a diagram to illus- 
trate this. In association with this law we must 
always have in our minds a further law, which 
can here he me^Iy asserted, though it is implied 
S' '< 


m Fermat’s law — that when a ray of light, or, 
indeed, any form of wave motion is refracted or 
jjent, when passing from one medium into another 
in which it has a different velocity, its path from 
any point in one medium to any point in the 
other is always shorter than any other possible 
path. It is the short>est possible path. It might 
be thought, of course, that the straight line 
between the two points would be the shortest 
path. It is, of course, the shortest in length, 
but not the shortest in time. It is inferior in 
this respect to the bent path which the ray 
actually takes when, for instance, it passes from 
air to water. Less time is occujiied in traversing 
this path, because a higher proportion of the total 
time is devoted to the jiassago of the light through 
that medium which permits of the most rapid 
propagation. In the instance wo have quoted, 
this medium is, of course, the air. 

Formation of Images. When the eye 
perceives an image in anything — as, for instance, 
that of a candle — as the result of the reflection of 
light from a plane surface, it is always deceived, 
precisely as the ear is deceived by means of aii 
echo. The information given us by the eye 
d('])end8 merely upon w^hat immediately reaches 
it. It can tell us nothing whatever of the previous 
history of the light, any more than the ear can 
i(‘ll us tlio history of a sound wave prior to its 
H'llection from an 
echoing surface. 

When we look at the 
image of a eandlo in 
a flat mirror w(; can 
state a simple law 
W'hich enables ns to 
locate exactly the 
position of that image 
and its relation to the 
ohjeets imagt'd. ” The irnagt' of any point in a 
plane mirror is found by drawing from the point 
a peryiendicular to the mirror, and ]>roducing it 
till its length is doubU'd ” [see illus*^ ration]. 
The drawing will make the statemc'iit of t he law 
apyw'ar as sinqile as it really is. In such a case, 
the (*ye, of course, is completely deceived. It 
seems to see the object in the depths of the 
mirror, and the image thus formed is called a 
virlfiol image. Another way of finding it is, of 
course, to produce the line E — P until it reaches 
the point already ascertained, by drawing and 
doubling the perpendicular from the luminous 
body in the miiror. Rays proceeding from the 
luminous body behave, after reflection, just as 
if they came from the image found in the way 
W'c have described. 

Real and Virtual Images. Such an 
image as this is called a virtual image because only 
the reflected rays appear to come from It. It is 
only their directions produced backwards in 
imagination that lead us to it. There are real 
images, however, which are so called because the 
rays of light have actually passed through them. 

The case is only very slightly complicated if 
for the luminous point wo substitute a body, of 
some size, which, of course, consists of an infinito 
number of luminous points, each of these be- 
hoving according to the laws already stated. 
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Light coming from any point of this object ana 
reflected in the mirror will appear to come — to 
vary the words we have previously used— from 
a point so placed that the line between it and the 
actual point is 
bisected at right 
angles by the mirror. 

Such a virtual 
imago is reversed, as 
is, of course, known to 
ev(‘ryono who has ever 
looked at himself in 
the glass, and as may 
be shown very strik- 
ingly by attempting to road the reflection from 
a piintcd page in a mirror, and then 1)3 holding 
up to a mirror a piece of blotting-paper which 
has just been used. The accompanying diagram 
will readily show the reader why the image must 
be reversed. 



Retinal Images. Having sjioken of real 
and virtual images, having noted how, in certain 
conditions, images arc inverted, let us ask our- 
selves the most inten^sting of all the questions 
w^hich are concerned with sight. Tn diu‘ course 
wc shall discuss the eye as an optical instrument 
— incomparably the most wondei-ful of all 
optical instruments, notwithstanding Ihe nunark 
made by Helmholtz, though quite unworthy of 
him, that “ if it were sent him by a scientific 
instrument maker, he would promptly return it 
as grossly defective.'* Owing to an extremely 
sinq)le fact, all the images which are formed 
upon the retina are inverted. The eye contains 
a doubly convex lens, and tlie consequence of 
the jiassago of the rays of light from any objt'ct 
through it is to cause an inverted image to fall 
upon the retina. 1’his fact is quite beyond dis- 
l)ute. Thus, in the case W'e have deseribcnl, 
where, by reflection, an inverted and virtual 
image reaches the eye, that inverted image* is 
reinvcTted so as to form a non-inverted, or up- 
right, image on tlu; retina. But while we inter- 
})ret can inverted imaged as not inverted— that is 
to say, while we do not see things upside down, 
even though the images of them in our eyes are 
upside down- yet in 'his case the re- inverted 
image is interpreted by us as if it were once 
invert(‘d. We see a tr(*e rc’fl(*cted in water as if 
it wt^re upside down, and ihe tree itself as if 
it wore right side up, yet in point of fact the image 
of the tree itstflf is upside clown upon the retina 
«aiKl tin* i nage of its reflection in the water is 
right side up upon the retina. 

TTow can w<' c*xplain the paradox that we sc*(‘ 
everything uj>side down, and that, notwithstand- 
ing, Ve see ever 3 ’^thing right side up ? 

Our Eyes are in the Back of our 
Heads. The true explanation is that our 
whole conception of what constitutes the act of 
vision needs revision. We have not yet thought 
about it in any rc^al sense. We arc thinking of 
mind in terms of space. But space or (extension 
is not a property of the mind. We have un- 
consciously fornmd a sort of notion of the mind, 
or thinking sublet, as standing upright some- 
where behind the eye and looking at the inverted 
images which are thrown upon the retina at the 


back of the eye. This, however, is quite falser 
and ludicrous. Tn point of fact, it is perfectly 
well known that the images formed upon the 
retina lead to certain stimulations of the optic 
nerves ; that these pass backward from the two 
eyes to certain intermediate cells near the under 
surface of the brain ; that from theses thcire pass 
new fibres, which convey the ncTve inifmlses 
right through the substance of the great brain 
to its hindmost part, where the vision centre lies. 

Kv(*iy one's v<‘ri table eyes are thus in the back 
of his head. Somewhere in the wonderful cells 
of the vision centre, which lie in the grey matter 
eov(»ring the occipital lobes at the extreme 
posterior asjx‘ct of the brain, these nerve im- 
pulses an* appreciiited in the form of vision. 
There is no om^ standing and looking at the 
inv<Tted iinagiis upon the retina. No terms 
of .space, up and down, right and k^ft, are 
applicable to the actual act of vision. As long 
?is th(* retinal images .show a consistent cor- 
r(‘sporid(‘nce to ('xtcrnal r(*ality, the perceiving 
sul>j('(it is not deceived. It matt(*rs absolutely 
nothing to him whether the image of a man 
standing on his feet is erect or inverted, ])ro- 
vided that hc^ is always one or the other, so long 
as the man stands on his feet, and is always 
rev’er.s(‘d if he stands U]3on his head. 

Illustrations of Refraction. The 
appropriatene*ss of the w’ord r(‘fraction, whicli 
is derived from the Latin fra ago (1 break), 
is evident to anyone who has seeji the a|)parent 
breakage of a pencil ])artly immc‘r.sc‘d in a tumbler 
of w'at(‘r. A still more striking instance of re- 
fraction is furnished by the familiar experiment 
of putting a coin in a teacup, standing so that it 
is just hidden from the eye by the edge of the 
cup, and then t)ouring in water. At a certain 
point the coin will become vi.sible. This means 
that the* rays of light passing from it through the 
water have been refracted or turned at an angle 
on passing from the waiter into the air, so tliat 
we are enabled to ‘‘see round a corner.” The 
laws of refraction holfl triu* win.*! her w'e trace the 
coiir.se of light from, for instance*, air to water or 
from w'at(*r to air. In the first ca.se, the light is 
bent towards the* normal ; in the* .second case it 
is bent from the normal. (We have seen that 
the* noi’mal is the peri>en(lienlar to the .surface.) 
The facts of refraction are v(‘ry much more im- 
portant than tho.se of reflection, because tiny 
<‘nuble us to make di.scoveries concerning the 
very nature of light, and because of their value 
in optical instruments. 

The Laws of Refraction. If we state 
these laws in a double form, the first is identical 
with the similar law.s of reflection. The incident 
ray, the refracted ray, and the normal are all 
in one plain*. 

The second part of the law of refraction is much 
more difficult., and is known as the law of sines. 
Professor Tail thus states the two laws in one 
sentence : “ . . . the incident and refracted rays 
are in one plane with the normal to the surface 
and the sines of their inclinations to it are in a 
constant ratio.” The latter part may be other- 
wise stated, thus ; no matter the angle at which 
the incident Ught falls upon the refracting sur. 
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face, the ratio of the sine of the angle of incidence 
teethe sine of the angle of refraction is always 
tnl same — for any two given media. This 
remarkable fact — the law of single refraction — 
was discovered by Snell, a physicist of Leyden, 
about the year 1620. 

The accompanying figure will allow the reader 
who is unacquainted with trigonometry to under- 
stand the meaning of this 
law. We have taken 
equal lengths of the 
incident ray and of the 
refracted ray, and from 
the terminal points of 
each— a and h — have 
drawn perpendiculars to 
the normal (the dotted lines). Given the same 
two media, say air and water, the ratio of the one 
f lotted lino to the other is alivm/s the same, no 
matter at what angle the incident light impinges. 

Refractive Index. It is necessary to 
understand clearly wliat is meant by the 
constancy of the ratio between the two sines— or 
between the dotted lines drawn in the conditions 
cf our diagram — in order to be able to understand 
what is called the refractive index. The ratio of 
the sine of the angle of incidence to that of the 
angle of refraction is always greater than 1 
when the light passes from a rarer to a dtmser 
medium, as, for instance, from air to water. This 
^ only another way of saying that, in such cases, 
the ray is always bent towards the normal. The 
converse of this statement is obviously true. It 
is thus possible to express very briefly the 
amount of refraction which is characteristic of 
various media, assuming that in each case th(5 
light passes into them from air. The ratio of 
the sines in the case of the pa:?:sage from air into 
water is as 4 to .3, and t he term refractive index 
is applied to this figure ; in other words, the 
refractive index of water is 1’33. This may be 
compared with the refractive index of the 
diamond, which is about 2*4. It is this very 
high value of the refractive index which gives 
the diamond its brilliance. 

A Complication. But the ease is not so 
simple as we have hitherto described. 8ncll 
stated the law' of simple refraction perfectly, 
but for one notable exception. He said nothing 
about the kind of light employed ; nor could he, 
since he did not realise those facts concerning 
the nature of light which refraction itself has 
subsequently enabled us to discover. In de- 
scribing the refractive index for any two media, 
or for any second medium in reflation to air, it is 
necessary to ^ecify that the light be homo- 
geneous, or art of one wave length. If we 
employ mixed light, such as white light, its 
various constituents are differently refracted ; 
thus the figures quoted above are true only for 
homogeneous yellow* light of a given wave length. 
This the reader already know's, since we have 
quoted from Newton himself, the discoverer, 
the statement that “ Light itself is a hetero- 
geneous mixture of differently refrangible rays.’’ 
We may make further cpiotations from the 
olassipal . words in which Newton announced his 
discoyeiy in a letter to a friend. 

im ' 


Newton*s Experiment. “ In the year 
1666 I procur^’ me a triangular glass prism* 
to try therewith the celebrated phenomena 
of colours. And in order thereto having 
darkened my chamber, and made a small hole 
in my window shuts, to let in a convenient 
quantity of the sun’s light, I placed my prism 
at its entrance, that it might be thereby refracted 
to the opposite wall. It was at first a very 
pleasing divertisement to view the vivid and 
intense colours produced thereby ; but after a 
while, applying myself to consider them more 
circumspectly, I became surprised to see them 
in an oblong form, which, according to the 
received laws of refraction, 1 expected should 
have been circular. . . . Comparing the length 
of this coloured spectrum with its breadth, I 
found it about five times greater.” He then 
goes on to describe several modifications of the 
experiment which ho thought might explain 
the result he had observed. 

The Crucial Experiment. Finally, 

New'ton tried w'hai ho calls the experimentum 
cruets, or crucial experiment, a phrase derived 
from a celebrated argument of Bacon's in his 
“ Novum Organum.” He says : 

“ I took two boards, and placed one of them 
close behind the prism at the window, so that the 
light might pass throiigh a small hole, made in 
it for the purpose, and fall on the other board, 
which I placed at about 12 ft. distance, having 
first made a small hole in it also for some of the 
incident light to pass through. Then I placed 
another prism behind this second board, so that 
the light trajocted through both the boards 
might pass through that also, and be again 
refracted before it arrived at the wall. This 
done, I took the first prism in my hand, and 
turned it to and fro slowly about its axis, so 
much as to make the several j>arts of Ihc' image, 
cast on the second board, successively pass 
through the hole in it, that 1 might observe 
to w'hat places on the wall the second prism 
W’ould refract them. And I saw, by the variation 
of those jfiace.s, that- the light, tending to that 
end of the image tow'ards wdiich the refraction 
of the first prism wa.s made, did in the second 
prism suffer a refraction considerably greater 
than the light tending to the other end. And so 
the true cause of the length of that image was 
detected to be no other than that light is not 
similar or homogeneal, but consists of difform 
rays, some of which are more refrangible than 
others ; so that without any difference in their 
incidence on the same medium, some shall be 
more refracted than others ; and therefore that, 
according to their particular degrees of refrangu 
hilUy, they were transmitted through the prism 
to divers parts of the opposite wall.” 

Total Refraction. It follows from the 
laws of refraction that under certain con- 
ditions light must be totally reflected from 
the surface, refraction being impossible. Thus, 
in the case of homogeneous light in air that is 
shining upon water, the refractive index, as 
we have seen, is about one-third. If, however, 
the angle of incidence is made extremely oblique, 




THE MIRAGE-HOW LIGHT DECEIVES THE EYE 



A MIRAGE AT SEA, WHERE TJGHT-RAYS FROM THE SHIP STRIKE UPON LAYERS OF DIFFERENT DENSITY 
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DIAGRAM EXPLAINING MIRAGE IN THE DESERT — BEAMS FROM THE PALMS BEING REFRACTED BY 
PASSING TRROUGH THE LAYERS OF A, B, C, D, WHICH ARE OF DIFFERENT DENSITIES 
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the law of sines cannot be satisfied and the 
light is ail reflected from the surface of the water. 
The case is much more striking, however, if we 
consider the source of light to be under the water, 
and the light to be endeavouring to make its 
way into the air. We have already seen that 
in such a case the light is bent away from the 
normal. If the incidence of the light be mode 
more and more oblique, at last the ray is totally 
captured ; the light cannot get out of the water 
at all, but is all turned back, this being known 
as total internal reflection. The limiting angle 
of incidence, at whicli all refraction becomes 
impossible, is known as the critical angle. 
Light cannot pass from a denser into a rarer 
medium when its ang)c of incidence exceeds 
the critical angle for tlie case in question. In 
the case of the diamond the critical angle is 
very small as compared with glass or water. 
Indeed, light cannot get out of a diamond 
except at an angle less than about 23”. If 
the angle be greater than this the light ih totally 
reflected internally. Hence, the brilliance of 
the gem. 

The Mirage. Just as the laws of refrac- 
tion explain the visibility of celestial objects 
which may be actually below the horizon, so 
the critical angle and total reflection })roduco 
the mirage^ an optical illusion by means of vvhi(‘h 
wo may be able to sc?e terrestrial objects which 
are often really far below the horizon. This 
occurs where the density of closely adjacent 
layers of air varies greatly. In the desert, for 
instance, the air near the ground may sometimes 
be rarer than the air above it. The mirage 
may take many different- forms, the imago some- 
times being inverted, sometimes erect, double 
or single. It occurs, of course, also at sea. 
The commonest form is where distant objects 
seem to be reflected in what looks like a lake 
of water in the heavens. The phenomenon is due 
to successive refractions through successively 
denser layers of air, unt il at last a layer is reached 
at the angle of total reflection. The rays of light 
are then roturnetl to the eye of the observer. 

The Prism. Wo all know what, in general, 
is meant by a prism. From the present point 
of view, a glass [)rism is simply a refracting 
medium bounded, or partly bounded, by plane 
surfaces which form an angle with one another. 
If the surfaces of such a medium be parallel 
to one another, as, for instance, in the case of 
a thick sheet of glass, the light passing through 
it is refracted, but emerges from the retractive 
medium in a course strictly 
parallel to its previous 
course. Thus, in looking 
through a sheet of gla^s 
the position of objects re- 
latively to one another 
is not changed. The whole of the light passing 
through has been refracted, but there has been 
no modifleation of the mutual relations of the 
refracted rays. Very different is the case of the 
prism. The accompanying diagram shows a 
prism through which a ray of light is passing, 
the lig^ being supposed to lie in the plane of 
the plaper. we see that when the light enters 
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the prism it is bent in the direction of its 
thicker part, ahA is again bent in this direction 
when it emerges. 

Dispersion. But now let us suppose 
that we are dealing with ordinary white light. 
The previous quotation of Newton’s words 
will tell us what happens. When Newton made 
a slit in his 
shutter, he 
found that 
the image of 
it, after pas- 
sage through 
a prism, 

i o I d e d a 

and of colour. Newton's experiment can 
easily be repealed. A mirror placed in the 
sunlight is used to direct a ray of light through 
a slit into a dark room, a prism is placed 
in the path of the ray, and a band of 
colours constituting the s|:)ectrum is thrown upon 
the opposite wall. The technical name for this 
spreading out of the constituents of white light 
into a many-coloured band by means of a prism 
is “dispersion.” “The amount,” says Professor 
Tail, “ by which any part of this spectrum is 
shifted from the true position of the bright 
slit depends (otluT things being equal) upon 
the amount of the refraction. It also depends 
upon the angle of the prism. And, for a given 
angle, the kuigth of the Hpeetnim depends upon 
the difference Ixdween the refractive indices of 
the red and the violet rays. This is called the 
di.s]>ersion.” 

The Correction of Dispersion. If, 

now% wo take a second prism, having the same 
angle as the tir«t. and y)lace it in the path of the 
spectrum, we find that it recombines or gathers 
together again the dispersed rays, restores the 
light- to its original direction, and yields us the 
unaltered image of the slit again. This simple 
experiment of Newton proved once and for all 
that sunlight is a mixture of all sorts of colours, 
and that the colour we call white is simply the 
sum of all the.se. But Newton further concluded 
from the second experitnont that dispersion and 
refraction go together, because he found that when 
he corrected the dispersion he also corrected the 
refraction. In other words, he concluded that 
the ainount of disi>erKion is, in all Bubstances, 
proportional to that of the refraction. If this 
were so, and we combined two prisms made 
of two different substances, having different 
refractive indices, and also having different 
angles, so that the second would exactly annul 
the dispersion caused by the first — then the 
refraction would also bo annulled. Fortunately, 
however, as we shall see later, Newton was 
wrong. Many years afterwards it was dis- 
covered that “ we have in certain media large 
refraction with comparatively small dispersion, 
and vice versd., and thus that the dispersion 
may bo got rid of while a part of the refraction 
remains.” Previous to this discovery it had 
occurred to one observer that the human eye 
might furnish the key to the problem, for in 
the eye there are several media of different 
kinda^ and theiF combination permita of re* 





fraction ’^th only very little dispersion. To 
this ve shall return when we consider lenses. 

A New Complejcity. So much for a pre- 
liminary discussion, with the irreducible mini- 
jnum of mathematics, of reflection and refraction 
at plane surfaces. We must now turn to the 
difficult questions raised by the incidence of 
light upon spherical surfaces. 

We may begin w’ith reflection at a splierical 
surface. If we take any point upon the surface 
of a sphere, we may conceive of a pl#yie which is 
called the tangerU plane^ and which may be 
understood best by saying that the plane of a 
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of light impinging directly upon the mirror 
are reflected. 

If wo turn the mirror round, so to speak, and 




use its external surface so that it becomes a 
coqvex mirror, the same is true. The rays 
turned back from the surface of the mirror 



DOUBLE REFRACTION THROUGH A PIECE OF ICELAND SPAR 


billiard, table is the tangent plane to that point 
where a ball rests upon it. Now, what w^e 
have already defined as the normal in such a 
case must pass through the centre of the sphere. 
These facte are all that are necessary by way of 
introduction to the underst anding of the be- 
haviour of a spherical mirror. Such a mirror may, 
of course, have two reflecting surfaces, the one 
internal or concave, and the other external or 
convex. Speaking of such a mirror, we define 
as its centre, or more property as its centre of 
curvature, the centre of the sphere of which 
the' mirror forms a part. The mid -point of the 
reflecting surface of the mirror is caued its pole, 
and the straight line joining the pole and the 
centre of curvature is called the principal axis. 

The Principal Focus* By the principal 
focus mean that point towards which the 
mirrm* reflects the rays that fall upon it directly 
—'hat is to say, in a direction parallel to its 
jirincipal axis. The diagram shows the incidence 
m rays parallel to the principal axis. After reflec- 
tion such rays all converge to the 'point F, the 
law, of course, Joeing followed that the angle of 
reflection is equal to the angle of incidence. In 
our diagram AC will represent the normal to the 
tangent plane at A, and the angles on each side 
of it must be equal. Hence, it can be easily 
proved that the point F is midway between P 
and C — that is to say, we make the assertion that 
the principal focus of a spherical mirror lies on Us 
principal axiSy half-way between Ua centre of 
cwrmture and Us pok. To tl^ point all rays 


indicate the principal focus,, which is again the 
mid -point of the principal axis of the mirror, 
but in this ca.se, of course, the rays of light do 
not reach the focus at all, and it is thus a virtual 
focus [see diagram (6)]. 

' Spherical Aberration. The simple 
statement wo have made as to the principal 
focus is, however, not strictly true. The further 
away the incident rays arc from the pole of the 
mirror the less accurately do they conform to this 
rule. They pa.ss near the principal focu<«, but 
not actually through it . The nearer the principal 
axis the loss is the deviation. The eifeots of this 
inexactitude upon the resulting image are tech- 
nicaUy* known as spherical aberration. If, how- 
ever, instead of u.sing a spherical mirror, the 
section of which is an arc of a (urcle, we use a 
parabolic mirror, the section of which is a para- 
bola, all rays whatsoever, parallel to the priuoipal 
axis of the mirror, are precisely reflected through 
I he principal focus. For astronomical pur])oses 
absolute accuracy is necessary — hence parabolic 
mirrors are employed for the mirrors of reflecting 
telescopes, and spherical aberration is avoided. 

Evidently in the case of a spherical mirror 
any radius is equally able to act as principal 
axis. On this principal axis there are two 
points which have a reciprocal relation to one 
another, such that the rays from either are 
brought to a focus at the other; they are 
therefore called conjugate foci or focuses (Latin 
jvgumy a yolk). We shall see that lenses have 
similar properties. C. W. 8ALEEBY 
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Limestone and Chalk. Chemical Composition. Types of Kilns. Lime 
Burning. Quicklime and Slaked Lime. Hydraulic Limes. Mortar. 

LIME AND LIME BURNING 


Chalk and Limestone. The raw 

material for the preparation of lime consists 
of a chemical substance known as calcium 
carbonate, which is found occurring naturally 
in largo deposits as chalk, limestone, and in 
other forms. 

To convert these substances into lime, they 
require to be strongly ignited, so that the 
carbon dioxide they contain may be driven ofT. 

CaC O..^ (^aO CO. 

Calcium carbonate Quicklime (\u bon dioxide 

The process of preparing lime, generally 
loiowTi as “ lime burning,” is an extremely old 
one. Lime is the main constituent of mortar, 
and, as such, was used in building construction 
a thousand years ago or more. 

To prepare pure lime some form of calcium 
carbonate is required, free from clay and earthy 
matters, and for laboratory use marble is a 
suitable substance ; but for building purposes, 
wheit^ large (piautities arc required, marble is 
too compact a material and too costly. 

Neither chalk nor limestone consists of pure 
calcium carbonate, but the natural rocks alwa^’S 
contain small quantities of “ silica ” or sili- 
cates,” in the form of flint and other substances. 
Some account of silica and silicates will be 
found in the Ctikmistry course. Wc may, 
however, state here that such substances as sand, 
flint, and rock crystal consist of silica, while 
clay is mostly made up of silicates. 

Chalk Deposits. In the South of 
England there are two well-known chalk 
deposits. The upper, or white chalk is a very 
pure material, containing at most two or 
three per cent, of silicate of alumina and 
iron, while the grey, or lower chalk, which 
underlies the white chalk in the Thames estuary 
and the Medway district, is not so pure, and 
contains on an average 90 per cent, of carbonate 
of lime tmd 10 per cent, to 15 per cent. 6f clay 
substance. These clay matters are, of course, 
naturally incorporated with the chalk and 
cannot be removed. If less than 5 or 6 per 
cent, bo present, a so-called “fat lime” is 
obtained, while with larger percentages of 
silicates the products are known as “ inter- 
mediate,” or “ hydraulic ” limes. The white 
chalk 08 quarried contains 15 to 20 per cent, of 
water. The other raw material, limestone, 
occurs in large quantities in this country. 
Stones which may be excellent for building 
purposes are not necessarily suitable for lime 
burning. In the neighbourhood of Buxton a 
very pure variety of limestone is worked, 
yielding an excellent quality of “ fat lime.” 


Limestone Deposits. Great masses of 
mountain limestone are widely distributed over 
the Derbyshire district, and disruptive agencies 
which have been at work in producing some 
of the peculiar characteristics of the country 
have also placed at our service various beds or 
layers of rock. 

The layers of ancient deposits have been 
broken up and left near the surface, so that here 
and there beds of limestone of various ages are 
found, which have been thrown up from below. 
Thus, in the high Peak distric^t of Derbyshire 
there is a great mass of limestone at Harper 
Hill, near Buxton, which is held to be formed of 
beds, termed “tlie lower beds,” from strata 
hundreds of feet below the beds of limestone 
surrounding it. 

Lime burning is an old industry in this 
neighbourhood, and the experience gained in 
burning the dilTercmt ty})es of limestone led to 
a elassilleation and selection of the most suitable 
for the purposes required. 

'Phe purest limestones, such as those from 
Harper Hill Quarries, are well adapted for 
chemical work, such as the manufacture of 
caustic soda, bleaching powder, etc. They arc 
also suitable for fine plaster work, and as a 
chemical manure for putting on the land. 

Limestone Analysis. We give below 
some analyses of these limes, mj/de during the 
jiast year (1905), from the limestones of the 
Harper Hill Quarries, Buxton. 

In the first place wc may compare the analysis 
of the limestone with that of the lime obtained 
from it. 

Limkstone 


iSilica 

0*20 

Oxides of Iron and Alumina . 

o*:io 

Carbonate of Lime 

99*30 

Magnesia 

0*20 


100-00 

Limb 


Moisture and Organic Matter 

1*10 

Silica 

•26 

Oxides of Iron and Alumina. . 

•20 

Lime (CaO) 

98-20 

Magnesia 

•26 


100-00 


It must not, how'cver, be supposed that all 
limestones from this district contain the very 
high percentage of lime shown in these analyses. 

To familiarise the reader with what he may 
expect to find in a good lime, we give two more 
analyses of samples prepared from Buxton 
limestones. 
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M ^ *13 V 


Silica .. .. .. .. •. 214 ^-00 

Oxides of Iron and Alumina 0 ‘ 54 3*60 

Carbon Dioxide 0*35 0*13 

Moisture and Organic Matter 0*75 2 * 27 

Lime (CaO) Pure Lime .. 95*60 86*20 

Magnesia 0*62 0*80 


100*00 100*00 

It will be seen that all these samples are almost 
free from magnesia. This is a very important 
consideration when the lime is used for chemical 
purposes or for artificial manure. 

Sample “ A ” contains 95 *6 as against 98*2 
per cent of caustic lime in the first analysis 
quoted, while sample “ B ” contains only 
86*2 per cent. 

This latter sample belongs to the class of 
“ intermediate ” limes. Tf we add together the 
amounts of silica and oxides of iron and alumina 
contained in it, we shall find that they amount 
to over 10 per cent, of the whole. 

I^atcr on we shall go into the question of 
slaking of lime, but we may mention here that 
it is a peculiar characteristic of the purest limes 
of the Buxton district that when slaked they 
fall to a fluffy, impalpable powder which readily 
passes through a fine siev'e, leaving practically 
no residue, whereas it is said that equally pure 
limes from other districts, although they fall to 
powder, leave an appreciable residue on a 
similar sieve. 

This latter class of material is more suit- 
able for other purposes, such as the purifiers of 
gas works, where the gas has to pass between 
tiny particles of lime. 

Effect of Silica on Lime. The 

differences in behaviour between these two 
classes of limes may jx^rhaps be looked for in the 
manner in which the silica is contained or 
combined in the mass of carlwnatc of lime. 
In the Buxton lime it is probably in the form 
of. very minute crystals diffused through, but 
not combined with, the lime. In other cases 
it is probable that a proportion of the silica 
is in combination as silicate. There is no 


doubt that the presence of any quantity of 
silicates, os in the form of clay, retards the 
slaking and renders it incomplete. 

The limestones of the Lias formations [see 
Geology], such as are found in the Lyme Regis 
deposits, contain 10 to 30 per cent, of clay and 
a large proportion of iron. This has a curious 
effect upou the stone, which is blue inside and 
cha.'ge8 to a yellow-brown colour when exposed 
to the air. It yields a good “ hydraulic ” lime. 

“Carboniferous” limestones are also worked, 
and sometimes yield a high grade of lime. Many 
limestones, often termed magnesian limestones, 
contain a varying proportion of carbonate of 
magnesia in conjunction with carbonate of 
lime. Such rocks are unsuitable for our pur- 
pose if the amount of magnesia exceeds 10 per 
cent. Generally, magnesian limestones yield 
“poor*^ limes. 

I Lime Burning. The burning of chalk or 
Miinostone is carried on in kilns of simple con- 
: stiMoriom The^ Jdln may 1>e worked intermit- 


tently or continuously. In the fil»t case, the 
kiln is oup-shaped, and is filled with blocks of 
chalk or limestone in such a manner that a space 
is left underneath for the fire [1]. For this purpose 
some large blocks are chosen and built into the 
form of an arch, whicli supports the rest of the 
stone above. In some cases such a kiln is 



very simply constructed from blocks of limestone, 
built in the 
form of a 
conical kiln 
open at the 
top, and coated 
inside and out- 
side with clay. 

Where, how- 
ever, a more 
permanent kiln 
is required a 
brick structure 
m.ay be cm- — 
ployed, the 1 . pkimitive flare kiln 
inner lining 

Ix'ing composed of fire-bricks [1]. The asb 
of the burnt fuel in this typo of kiln does not 
come in contact with t he lime, which is, of course, 
an advantage. This form of kiln is knovn 
in this country as a “Hare” kiln; the operation 
is carried on with a fire producing a long flame. 

With more modern kilns built on these lines 
a properly con.structed hearth, formed of arche.s 
of fire-brick, ro[)Iace8'' the arch made from the 
limestone itself. Otherwise, the process is 
very similar. 

The continuous methqd of burning is carried 
on in kilns, sometimes called “ running *’ kilns. 
They are built higher than those already de- 
scribed, and the limestone and fuel are tipped 
into the kiln in alternate layers. As fast as the 
burning lime is removed from the bottom of 
the kiln, sufficient quantities of fresh limestone 
and fuel are fed into the top. These kilns, of 



2. CONTINUOUS- 


course, have one draw- 
back — the ashes of the 
fuel mix with tlio lime ; 
but the process, being 
continuous, is more 
economical, and there 
is not the loss of heat 
imav'oidably incurred 
when working flare kilns, 
where it is necessary to 
allow the kiln to cool 
down after each operation. 

Fuel for Lime 
Burning. Where wood 
is cheap, it forms a suit- 
able fuel for some lime 
kilns, e8t)ecially for the 
flare kilns. For the run- 
ning kilns, coke is 
preferable to coal, as it 


BURNING kiln usually gives a much 
purer and whiter lime. 
The quantity of fuel required varies very much 
with the efficiency of the kihi. A simple form of 
kiln will require one part of fuel to alx>ut every 
lour parto of limestone. 
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With a more efficient type of kiln, the average 
quantity of coal burnt will vary from two to 
tour parts for every 10 parts of burnt lime. 
Such a kiln may be built, say, 30 ft. high, in 
the form of a hoUow spindle narrowing down at 
the top and bottom [2]. At the top there is a 
movable cover (a) for keeping off the draught 
during the burning, which can be opened for 
charging. The holes at the sides near the top 
draw off the fumes to a short chimney (b). Inside 
at the bottom is a conical shaped grate (c) of 
iron bars, the quicklime being drawn away 
from around this. 

Modern Lime Kilns. A new and very 
efficient form of running kiln, constructed 
by Smidth, of Copenhagen, is shown in 3. It is 
devised with special attention to economy of 
fuel, and is best adapted 
to work a hard stone. 

The kiln is constructed 
in two halves, of which 
the upper (b) serves as a 
reservoir for limestone, 
which is introduced 
through an “ eyehole ” 
at A. Unlike the run- 
ning kilns already de- 
scribed, only a small 
portion of the fuel is 
mixed with the lime- 
stone when put into the 
kiln, the greater part 
being introduced by the 
shafts (cc). The waste 
heat given off by the 
(‘.ombustlon going on 
in the lower chamber 
(d) is mostly retained 
by the limestone in b. 

At the bottom of the 
chamber (d), wliich is 8 . latest form of 
lined with fire-bricks, continuous lime kiln 
is a grate (e) with 

movable door, by means of which the burnt 
lime is withdrawn. 'Uie coal consumption of 
such a kiln should not exceed 20 percent, of the 
burnt lime. Wd may mention that this is not 
the most suitable form of kiln for working a 
soft stone, as the movement of the stones down 
the kiln breaks and crusho«> them, and a consider- 
able proportion of the output is reduced to a 
powder. Lime in good, large blocks finds a 
better market than broken stuff. 

A very good form of kiln to use where lumps 
are required is the Hoffmann kiln. We have 
explaintid the construction and working of this 
kiln in the Brickmakino course, and have 
drawn attention to the very efficient manner 
in which the fuel is economised. We refer 
to it again in our consideration of cement, 
as it b used for burning cement as well as for 
^ bricks and lime. 

At the Buxton Lime Works the chambers are 
filled with blocks of limestone, piled up in the 
same manner as if charged with green bricks, 
care being taken to leave the necessary channels 
for the air draft through the chambers, and for 
the fuel^#ropped in from the top. 
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The lumps of stone are carefully chosen, and 
vary in size — they may be as small as a man^s 
fist, or as large as his head. The drawback is 
the cost of labour, which must be considerable, 
as the chambers are “ stacked *’ and “ drawn ” 
by hand. Still, there is a minimum of dust and 
small, broken pieces. Lime burnt in Hoffmann 
kilns, although effecting a considerable saving 
in fuel over the old flare kilns, has the dis- 
advantage that the ash of the fuel mixes with 
the lime. The advantages and disadvantages 
of the three types of kiln may be summed up 
somewhat as follows. 

Flare Kiln, Lime is in large lumps, free 
from ash, but the process wastes fuel. 

Bunning Kiln. Lime is much broken into 
small pieces, and mixed with ash, but the 
process economises fuel. 

Hoffmann Kiln. Lime is in large lumps, 
and mixed with ash. The process economises 
fuel, but the cost of labour is heavy. 

There are also continuous kilns, in which the 
fuel does not come into contact with the lime. 

Some of the more modern kilns have been 
devised to burn the lime by means of producer 
gas. 

QuicKlime and Slaked Lime. ■ As 

we have already explained, the lime varies in 
quality according to the chalk or limestone 
from which it was derived. The fat limes ob- 
tained from pure materials are remarkable on 
account of the vigorous manner in which they 
combine with water. To tliis process the term 
“ slaking ” is given. It consists, chemically 
speaking, in conversion of the quicklime (oxide 
of calcium) into hydroxide (also known as 
hydrate) by combination with water : 

C a (OH) ., 

Quicklime Water Slaked lime 

There is one point we should notice which is 
not always sufficiently appreciated — namely, 
that in slaked lime the water is in chemical 
combination with the lime. If we slake quick- 
lime with exactly the right amount of water, 
the resulting slaked lime is a dry powder. 

As will bo seen, 100 parts of lime will 
require 32 parts of water, which is, roughly, 
a third by weight. When such water is added 
to a pure or fat lime, the lime begins to swell and 
get not, giving off steam ; the lumps crack, 
and, eventually, the hard block falls to a fine 
powder. 

This slaking of lime is accompanied by an 
increase in volume. Thus, 100 parts of fat 
lime will give 250 to .300 parts of slaked 
lime. Poor limes and hydraulic limes do not 
slake readily, and a process which occupies a 
few hours with fat lime may take days in the 
case of hydraulic limes. The larger the pro- 
portion of clay and silicious matter contained in 
the chalk or limestone, the more hydraulic the 
lime, and the less it resembles fat lime. 

Magnesium limestones give poor limes. If 
the percentage of magnesium exceed 10, the 
lime slakes slowly, and anything like 20 to 30 per 
cent, of magnesia ^akes the lime practiccdly 
useless. 




Oa Hie pther hand, it is stated that some gCK^ 
hydraulip limp has be^n prepared from magnesia 
limestones. The lime, however, requires to be 
rather more strongly burnt. 

A fat lime is easier to produce than a hydraulic 
lime. The larger the percentage of clay and sili- 
cious material, the lower the n^elting point. Hence, 
in burning hydraulic limes, if the temperature 
be not carefully regulated, it may rise sufficiently 
to fuse partially or to over-bum the lime ; or, in 
other words, “ clinker it.’* The hydraulic limes 
do not swell to the extent that the fat limes do 
when slaked. A hundred parts of hydraulic 
lime will yield somewhere about 150 parts of 
slaked lime. 

The terms “ hydraulic ” lime and “ inter- 
mediate ” lime appear to cover much the same 
ground. By hydraulic lime, we understand a 
lime which is capable of setting pndcr water. 
An intermediate lime is one mt^e by burning 
a limestone or chalk containing some clayey 
matter, owing to which the resultant lime holds 
a position somewhere between a fat lime and a 
true cement. [See Cement.] 

Hydraulic Limes. As we have already 
explained, limes obtained from chalk or lime- 
stone, with a suitable j>ercentage of clay natu- 
rally bound up in them, yield a lime which does 
not slake very readily. Wliere limestone con- 
tains 8 to 12 per cent, of clayey matter, the lime 
produced is termed “moderately hydraulic,” 
and instead of falling quickly into powder and 
crumbling under the action of water, it gives out 
little heat, and appears hardly to be affected. 
As a matter of fact, absorption of water does 
take place, and a substance is produced which 
gradually sets hard in the course of 5 to 20 days. 
If placed under water, it remains pasty. 

Limes prepared from limestone containing 15 
to 18 per cent, of clay may be termed hydraulic, 
as in the course of a few days they set to a hard 
mass, even under water. The mass is not so 
hard as that produced by Portland cement, which 
we shall discuss later, but has about the con- 
sistency of a soft stone. If the limestone con- 
tain as much os 20 or .30 per cent, of clay, the 
resulting lime is very hydraulic. It does not 
appear to slake at all when moistened, and the 
lumps do not swell. . v paste gradually hardens 
under water in 2 or 3 days, and on further stand- 
ing it gets much harder still, yielding a stone- 
like mass, which will stand the action of running 
water. These hydraulic limes approach cement 
in quality and behaviour, as the proportion of 
. oby in the original limestone is increased. 

' Need for Care in Burning. Speaking 
generally, the clayey matter in the burnt 
lime is not in that intimate state of com- 
bination with the liiho (calcium oxide), which 
wo find in Portland cement. Nor should the 
temperature of the kiln be such as to fuse (or 
linker) the mass. If this should take place, 
calcium oxide no longer combines readily with 
.water, and the mass refuses to slake as a lime 
should. This is why the burning of hydraulic limes 
requires so much more care than the burning of 
limes. The d^ger of clinkering will also be 
increased if the lime contain much iron salts, or 
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alkalies, owing to the formation of easily fusible 
silicates. As a rule, olinkered lime is fused only 
on the outside, and contains a core of quicklime. 
Even when every care is taken in slaking the 
lime, such particles of quicklime will remain, 
and, protected by an outer layer of silicate, will 
not slake with water, or else slake very gradually, 
perhaps after the lime has been converted into 
mortar. When this takes place, the lime swells 
and, expanding, cracks, bringing about the 
destruction of the mass. 

When a mortar made from a fat lime has set, 
the subsequent process of hardening, or “indura- 
tion,” appears to be merely due to the com- 
bination of the lime with the carbonic acid of the 
air, with the formation of calcium carbonate. 

With hydraulic limes, the induration is caused 
by a combination of the silica and alumina of 
the clayey matters in the presence of water with 
the lime (calcium hydroxide). These hydrated 
silicates and aluminates of calcium are formed 
subsequent to the setting of the mortar. 

The peculiar effects produced by the presence 
of clay in the limestone are gone into more 
fully under the heading of Cement. 

Slaking Lime. ^lortars, for the purpose 
of building construction, consist of a paste of 
lime, mixed with sand. The first stage in the 
preparation of mortar is the slaking of the lime. 
This is conveniently effected by placing the 
lumps of lime in an iron basket, and immersing 
for a short time in water. The lime is removed 
before it has swollen much, and put on one side, 
when the slaking will complete itself, and the 
wliole will fall to powdoy. Instead of doing this, 
the lime may bo sprinkled with water, or else 
exposed to a moist atmosphere. Care has to be 
taken to use the right sort of water for slaking ; 
such water should bo free from saline matter, 
especially sulphate of calcium. River- water is, 
in most cases, suitable, but sea-water is said to 
retard the rate of setting. On the other hand, 
Smeaton used sea-water in slaking the lime 
used for the old Eddystone Lighthouse, with 
excellent results. However, on dry land, any 
quantity of salt in the water would probably 
cause “ efflorescence ” in the mortar if used 
above ground — that is to say, the saline matter 
would gradually crystallise out on the surface. 

Mortar. Mortars were prepared by the 
ancients, and many ’of the analyses made show 
that such mortars did not differ essentially 
from those we make nowadays. The Pyramia 
of Cheops, in Egypt, is built of stone cemented 
with a sort of mortar, probably composed to a 
large extent of plaster of Paris. This pyramid 
was built somewhere about six thousand years 
ago. There are plenty of examples of the 
ancient use of mortar, as in the buildings erected 
by the ancient Phoenicians, Greeks, and Romans. 

When making mortar care must be taken to 
see that the lime is thoroughly well slaked. This 
presents no difficulties in the case of fat limes ; 
but hydraulic limes take several days to slake, 
and to promote the action, the lime after 
moistening should be covered over with sand 
to keep the heat in, and the slaked lime should 
be put through a sieve to remove any unslaked 
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lumps. Many hydraulic limes should be finely 
powdered before any attempt is made to slake 
them. If any unslaked portion should remain 
in the mortar after it is used, gradual slaking 
takes place with swelling of the lime and dis- 
ruption of the mortar. 

Mortar Sand. The sand used should be 
what is known as sharp sand, the particles of 
which are angular and not rounded or water- 
worn. Ground brick, or other similar material, 
can be used. The best proportion of sand to use 
depends upon the type of lime. Hydraulic 
limes usually require less than fat limes. 

Sand is used for various reasons. Firstly, it 
cheapens the mortar, and secondly, it separates 
the particles of lime so that the carbon dioxide 
gas of the atmosphere can get at them. We 
must carefully distinguish between the setting 
and hardening, or induration. The sotting is 
due to the absorption of the excess of water ; 
the hardening of mortar depends upon the 
conversion of the lime into carbonate of calcium : 

CM ^ CO., CaCO,, 

Lime Carbon dioxide Calcium carbonate 

Tliis latter forms a hard crystalline rook 
adhering to the particles of sand or any other 
rough surface. The crystals which go to form the 
moss may possibly adhere more strongly to the 
particles of sand than they do to each other, 
and hence mortar containing sand has a gieater 
resistance to crushing than mortar prepared 
from lime alone. 

Carbonic acid penetrates very slowly into 
a mass of mortar, and after twelves months 
only the outer one-eighth or quarter inch has 
been carbonated. 

On the other hand, it has been found by 
analysis of very ancient mortars that there is 
sufficient carbonic acid in them to combine with 
the whole of the lime, so that presumably, given 
sufficient time, carbonic acid will penetrate 
right through a mass of mortar, converting the 
whole of the lime into carbonate. 

Sand is also of use in that it prevents excessive 
shrinking of the mortar in drying. 

Where hydraulic or intermediate limes are 
used the hardening of the mortar is due very 
largely to the formation of hydrated silicates 
already spoken of. In this form the silica is 
very slightly soluble, and the mortar prepared 
from such limes is exceedingly durable. 

Use of Chemical Analysis. Tlio 
chemical analysis of limes and limestones often 
njsults in yielding valuable information as to 
their stdtability for the purpose for which they 
arc required. Wo may, for instance, wish to 
know whether certain limestone is suitable for 
lime burning, and what sort of lime it will yield. 
These queries can, to a large extent, be answered 
if we first determine the proportion of lime 
(calcium oxide), magnesia, and silica contained in 
^it. If the magnesia be high, the lime will be 


useless for most purposes ; if there be very 
little silica, we may expect to produce a fat lime, 
and so on. Then again, a sample of quicklime 
should be tested for the proportion of free 
oxide of calcium and carbon dioxide. Too 
large a proportion of carbon dioxide will mean 
that the limestone has not been properly burnt, 
or that the quicklime has been kept too long 
and has consequently deteriorated owing to the 
absorption of carbon dioxide from the atmo- 
sphere. Slaked lime sometimes requires to be 
tested in a similar manner. It is also important 
to determine the proportion of water it contains, 
over and above that combined as calcium 
hydroxide, as, of course, we do not wish to pay 
for water wlieii we are buying lime. The same 
methods of analysis are mostly applicable 
both to limestone and lime. 

In the Laboratory. In the first place 
we can make a chemical analysis, and we shall 
give a brief outline of the method on the ordinary 
lines. The substance under examination should 
be dissolved in hydrochloric acid and the solution 
concenf rated to dryness, to render the silica 
insoluble. On taking up with water and. 
filtering, a residue will be left on the filter 
papt'r consisting of silica and traces of un- 
dcconiposed silicates. For most purposes a 
further separation of this residue is unnecessary, 
and we may reckon the whole as silicious matter. 
The filtered solution is precipitated with am- 
monium chloride and ammonia solution. The 
iron and alumina are tlirown down together and 
may bo filtered off, ignited, and weighed if 
n(‘cossary. To the solution containing the lime 
and magnesia, an excess of ammonia is added 
when ammonium oxalate^ precipitates the lime 
as calcium oxalate. 

Filtered off and strongly ignited, it is converted 
into calcium oxide and may b(^ weighed as such. 
In the filtrate from tht^ ealeium oxalate pre- 
cipitate, the magnesia is precipitated as phos- 
phate by means of sodium phosphate in a 
solution strongly alkaline with ammonia. 

Lrime in Quicklime. As we have said, 
quicklime is not necessarily pure oxide of 
calcium, and if we want to know how much 
of this latter is contained in a sample, we take 
100 grammes* and slake it completely, make up the 
milk of lime to half a litre, and after thoroughly 
agitating it, take an aliquot portion, say, 25 
cubic ecntinu!jtrc8, which will represent 1 gramme 
of quicklime. Wo then titrate this with a 
normal solution of oxalic acid with phenol 
phthalein as an indicator, shaking well after* 
each addition of acid. [See Analytical 
Chemistry.] The colour is discharged as soon 
as all the free lime has • been saturated, but 
before any carbonate of calcium which may 
happen to be present is attacked. Each cubio 
centimetre of normal oxalic acid solution is 
equivalent to *028 grammes of lime. 

Clayton Bkadle and H. P. Stevens 
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' Ronning, Le«|^||k Digging. Climbing, Flying, and 
Swimming Mamiiiala. The Um of the Hand and tbe Tali. 

A SURVEY OF THE MAMMALS 


W B have now to consider means of pro- 
gression. The Hoofed Mammals (Ungu- 
lata) best illustrate structural arrangements 
which promote great speed, and also the way in 
which these arrangements have been evolved. As 
w© have seen, the remote ance.stor8 of this group 
were comparatively small animals, which lived in 
swamps and damp forests. Their limbs were not 
particularly long, they were flat-footed {planti- 
grade), and possessed the full number — that is, 
five — of fingers and toes. Such spreading ex- 
- tremities, presenting a largo surface, were very 
well adapted for progression on spongy soil, but 
not for great speed on a firm surface. 

Fleet Mammals. For such rapid progres- 
sion length of limb is a primary essential, and 
this has been jjartly attained in all hoofed forms 
, by abandonment of the old, flat-footed attitude 
for a tiptoe or digitigrade one. At the same time, 
there was a gradual elongation of the different 
sections of the limbs, especially the hands and 
feet, thus converting them into jointed level’s 
of great efficiency, as may be typically seen in 
deer and horses. Running, the most rapid kind 
of progr(*ssion, differs from walking and the like 
in that the body actually leaves the ground 
altogether at regular intervals. This is chiefly the 
result of sudden straightening of the hind limbs, 
which by a strong backward jiush propid the body 
into the air, to come down again on the fore limbs. 

Abolition of the Collar-bone. Om* 
result of evolution in the direction indicated has 
been the abolition of the collar-bones, which 
would bo only a source of weakness in running, 
as the sudden descent of the body on the fore 
limbs means a very considerable shock. And the 
eollar-bones are, so to speak, struts ” extending 
between the breast- bone and shoulder, and ill 
suited resist such sudden impacts. 

Spreading extremities, with the full number 
of digits, suitable for swamp conditions, would 
“ gi\e ” too much to render them efficient when 
employed for rapid movement in a tiptoe 
attitude on firm surfaces. In the course of evolu- 
tion this difficulty has been got over by more or 
les< reduction in the number of digits, with in- 
creasing size and specialisation in tliose remain- 
ing To make matters clear, it is necessary to 
^mention here that the digits arc numbered I, 2, 
P, 4. and 6, No. I being the thun)b or great toe, 
as the case may be. In all hoofed mammals the 
digits have developed broad hoofs, ])resenting 
' a firm and sufficiently broad surface for ap])lica- 
;\.tion to the ground. But there have been two 
• lines of evolution, representwl by the even-toed 
and odd-toed forms respectively. 

The Hand of the Pig. In even-toed 
- forms digits 3 and 4 have become more or less 
[ dominant, and the axis of symmetry runs between 


them. If we examine the hand of a pig w<‘ 
shall find that the thumb has disappt^art^d 
altogether, while digits 2 and 5 (the outer ones) 
are much smaller than 3 and 4, which are the 
chief agents of , progression. But as these 
creatures have not altogether weaned themselves 
from the old swamp life, the smalh'r, outer digits 
come in handy upon soft ground, j>re venting 
their owner from sinking in too faf. The palm * 
bones (metacnrpals), which come between the 
small, irregular bones of the wrist and the fing<T 
bones, arc moderately elongated. The pec- 
caries of South America are faster runners than 
ordinary pig,s, and wo find that their limbs are 
somewhat longer and more specialised. The 
hippopotamus, which has to climb the muddy 
banks of its native rivers, is practically con- 
structed on the pig-type. In this and the subse- 
quent examples the fore limb is taken, but, 
(‘xcept where specially mentioned, the hind limb 
is fashioned in much the same way. 

The Hand of the Deer. Turning now 
to deer, the embodiment of swift progression, we 
shall find the limbs slender and much elongated, 
while the hand presents great specialisations as 
comparc’d with a pig. Tlic outer digits (2 and 5) 
are reduced to insignificant vestiges, evidently 
on th<‘ way to complete disappearance. And the 
palm hoiu’s of 3 and 4 are miichj|plongated, and 
t'u.sed tog(‘thcr into a “ cannon bone,” which 
gives greater firmness than if they remained 
separate. There is not nearly so much specialisa- 
tion in the pigmy swamp deer (tragulines) native 
to West Africa and South-east Asia. 

Ruminants that Climb. Among rumi- 
nants a place of .security in which to chew the 
cud is a matter of considerable importance, and 
we find that the even-toed foot lends itself to 
this end by proving an admirable climbing organ, 
as, for instance, in some antc’lopes, such as the 
Alpine chamois, wild sheep, and wild goats. 

Th(^ camel jiresents a further ])oint of interest 
in the modification of its extremities fo fit them 
for })rogression on hot desert sands. Only the 
two central digits, 3 and 4, are present, and thewi 
diverge .somewhat, so as to give a firm support 
to a rounded elastic jiad on the underside of the 
foot. 1 11 odd -toed forms the middle digit, 3, is more 
or less dominant, and the axis of symmetry runs 
down its centre. Examination of the hand of a 
tapir, the most ]>rimitive existing type of the 
group, shows that the thumb has entirely dis- 
appeared, while the central digit is the largest 
and most iin[)ortant. The foot is still more 
modified, for it has lost the little toe, 6, as well. 

Spreading Toes. The hand of a rhinoceros 
shows further reduction, for not only has it lost 
the thumb, but also the little finger, and the foot 
is on the same model. Just as the two spreading 
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toes of a wild goat are advantageous for climbing, 
so are the three spreading toes of the rhinoceros 
of use f& rapid progression on a stony surface. 

‘ The Long Hand of the Horse. The 

horse and its allies constitute the last term in the 
perfecting of the odd-toed typo of foot for rapid 
progression on a firm surface. In the hand we 
find the central digit, 3, practically the only one, 
is of very large size, and its palm bone is much 
elongated. On either side of this wo note, 
on dissection, however, a narrow “ splint bone.*’ 
The two splint bones are no other than the 
remains of digits 2 and 4, which have almost 
disappeared. Tlte elongation of hand and foot 
is very noteworthy, and the so-cfilled “ knee ” 
of a horse is really its wrist, whik; the “ hock ” 
[see page 1628 ] corresponds to the ankle. Our one- 
tood horses were preceded in time by three-toed 
ones, and \vc can trace descent of these, step by 
step, from the primeval swamp-dwellers to which 
reference has so often been made. 

Leaping Mammals. Members of several 
orders of mammals chiefly progress by means 
of the hind limbs 

only, which are of ^ 

quite dis proper- '3 

tionate length, 

and used for the a '34 

execution of a M 1 II 

series oflong ^lil^ 

leaps. The kan- 1 1 I 

garoo is the best- ^ ill 

known example, S 

and its long, Ihiek ^ ^ g2 

tail is empl^ed Ura 

as a balaiKing 

organ, useful also 3 fl ff w' 

as a support in V# ^ H ¥ 

the intervals to , 

rest. Some of the 
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African desert 

types have evolved on somewhat similar lines — 
for instance, the jerboas, which belong to the 
order of Gnawers (liodentia), and the jumping- 
shrews, which are classed with the Insect-eaters 
(Imectivora), 

Digging Mammals. Mammals which have 
taken to pursue underground prey have natur- 
ally evolyed on lines which have made thorn 
efficient diggers. Of this no better example 
could be taken than that of our native mole, a 
member of the Insect-eaters (InsecUvora). The 
general shape of the body is adapted to a sub- 
terranean life, and the short, strong limbs are 
scooping organs of great efficiency, provided 
with powerful digging claws. This applies more 
particularly to the hands, which serve as spades. 
There are no external ears, the eyes are very 
minute, and the short hairs arc implanted vertically 
in the skin, so that there is no particular “set ” 
to the velvety fur, which presents no obstacle 
to progression either forward or backward. 

\ It is of particular interest in this connection 
to note that the pouched mole (Notoryctea) of 
the Australian deserts, though belonging to a 
totally different order (Maraupialia), is not unlike 
a common mole in appearance, being adapted 
in much the same way to life underground. 
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There are also di^jrs among other orders of 
Mammi3a> as rabbits^'and prairie “ dogs among 
the Gnawers (RoderUia), and armadillos among 
the Mammals Poor in Teeth {Edentata), In afl 
such cases there are at least powerful digging claws. 

Climbing Mammals. As a tree-life offers 
abundant food of both vegetable and animal 
nature, with fewer dangers than life on the 
ground, it is not surprising to find that it has 
been adopted by a largo number of mammals 
belonging to different orders. More or less 
mobihty of limb is hero an advantage, and this 
involves, among other things, little, if any, 
reduction dn the number of fingers and toes. 

Among the Pouched Mammals (Maraupialia) 
we find the phalangers of Australia and the 
opossums of America aroiarboreal, their extrem- 
ities being adapted for grasping, while in some 
of the latter there is^a prelujiisile tail, serving as 
a sort of fifth hand. Of Mammals Poor in 
Teeth (Edentata) the leaf -eating sloths of South 
America live entirely among the trees, pro- 
gressing head downward with complete security, 

for their long, 

t curved claws give 

them a firm hold. 
Jn this case, it 
is true, the digits 
have been re- 
duced, but a few 
efficient claws are 
better than a 
larger number of 
sniallcT size. In 
i the same order 
some of the 
smaller South 
3 A m t) r i c a u ant- 

Blm,ocer.« oaten, also 

NDS THREE MAMMALS all arboreal life, 

as no some species 
of their Old World relatives, the pangolins, 
which use the overlapping scales on the under 
side of the tail as climbing irons. 

Caudal Climbing. Among climbing Insect- 
eaters (hise-clivora) we find the squirrel-like 
tree-shrews of Soutli-cast Asia, with their bushy 
balancing tails ; and our common squirrel illus- 
trate the same habit among the Gnawers 
(Jiodentia), In the “flying” squirrels of West 
Africa there arc climbing scales on the under side 
of the base of tho tail. Aided by their sharp 
claws, a number of the Flesh-eaters (Carni- 
vora), from leopards, pumas, and eats, down to 
civets and some of the weasel tribe, are able to 
climb with facility. Some of the bears, too, can 
climb effectively, if clumsily. 

The Monkeys (Primates), however, constitute 
the most notable climbing order of mammals, 
both hands and feet being able to grasp branches, 
as, for instance, in the orang-utan. This is 
mainly due to the fact that the thumb and great 
toe can be opposed or placed opposite to the 
remaining digits. Some of tho American mon- 
keys possess a prehensile tail. 

Our Tree-dwelling Ancestors. There 
is no doubt that man himself has descended from 
arboreal ancestors, and in a young baby the 
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mobility of the toes andj>he intumed soles of the 
feet is very noticeable. The power is also 
possessed of supporting the entire weight of the 
body by grasping a stick in the hands, though 
readers will find that there are formidable 
obstacles in the way of pursuing researches in 
these matters on very juvenile members of the 
human species. It has also been plausibly 
suggested that the fatal instinct of throwing 
up the arms observable in drowning persons 
may be regarded as an involuntary attempt to 
grasp the branches of the original tree-homo of 
mankind. The Lemurs {Lemuroidea), sometimes 
grouped with the monkeys, but in reality 
decidedly lower in tho scale, possess climbing 
arrangements similar to those just described. 


the Old World, while others arc also found in 
North America, are perhaps the best -known 
typos. Examination of such a squirrel shows 
that the skin at the sides of the body is drawn 
out into a well-marked fold, by which fore ancl 
hind limbs are united together. Smaller folds 
run from the fore limbs to the neck, and from 
the hind limbs to tho base of tho large bushy 
tail, though in some cases the latter are absent. 
The largest species are from 10 to 18 inches long, 
not reckoning the tail, which is of even greater 
length. When the folds arc fully spread out, 
a very large surface is i)resented to tho air, 
through which the animal is able to glide in a 
downward direction for nearly eighty yards. 
A certain amount of steering (partly by means of 
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Parachuting Mammals. As elsewhere 
remarked, flying organs in their early stages of 
evolution were not used for the purposes of 
flight. In ail })robability they were, to begin 
^>\.th, ‘‘parachutes,” by which climbing animals 
were enabled to descend from one branch or one 
tree to another with increasing facility. Such 
an endowment would bo of obvious use in 
hunting for food, and also greatly help to baffle 
the attack of climbing carnivorous enemies. 
Parachuting arrangements have been separately 
^ evolved in no le.ss than three orders of mammals 
— Gnawers {Rodenlia), Insect-eaters {fnsectivora), 
and Pouched Mammals (Marsupialia), tho forms 
which possess them being climbers in all cases. 

Flying Squirrels. Among parachuting 
Gnawers the “ flying ” squiil^els of South 
Asia, some of whioh range further north in 


the tail) is said to be possible, and towards the 
end of a dc.scent an upward direction may bo 
taken if it seems desirable. In this particular 
group there have been at least two independent 
evolutions of i)arachuting mechanisms. 

The “ flying ” sqiiirrek of Africa (which also 
l)os8ess climbing scales under the base of the 
tail) present similar arrangements, and there 
can be no question that these have been inde- 
pendently evolved. As in so many other cases 
— diggers, for instance — similar conditions of life 
have re.sulted in similar adaptations answering 
like purposes. 

“ Flying Lemurs.’* Among climbing 
Insect-eaters (/n«€Cfivom) we find one remark- 
able form in South-east Asia, the so-called 
“ flying lemur ” {Qaleopithecua), which posse88t*s 
well-developed parachuting membranes. Its 
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organisation is so peculiar that it enjoys the 
distinction of being placed in a sub-order aU 
by itself, while the remaining insect-eaters are 
grouped together in another. One noteworthy 
feature is the possession of a well-marked 
“web” between the fingers, which increases 
the parachuting surface. 

Some of the climbing phalangers of Australia, 
belonging to the order of Pouched Mammals 
{Maraupialia), have also evolved parachuting 
folds, which have earned for them the name of 
“ fiying ” phalangers. 

Flying Mammals. Under this heading 
there is but one order, that of the Bats (Chirop- 
tara), and these may be looked upon as a special 
branch of the climb- ^ 

ing insect-eaters, 
which began by para- 
chuting, and then 
gradually converted 
their parachutes into 
wings. 

The flying mem- 
branes of a bat are 
broadly similar in 
extent to those of a 
“ flying ” squirrel or 
“flying lemur,” but 
special features of a 
remarkable kind are 
pi'esent. It is quite 
clear that a wing 
which is to be of 
any service must be 
firmly supported, so 
that the appropriate 
muscles can bring it 
down with sufficient 
force upon the air, 
without undue 
“ giving.” And ex- 
amination of the 
skeleton of a bat^s 
wing shows that 
this support consists of the very much elongated 
fingers (2 to 5), while the thumb (1) still retains 
its independence and possesses a strong, hooked 
claw, of service in climbing and scrambling. 

If we imagine the fingers of the webbed hand 
of a “ flying lemur ” gradually to elongate, and 
the extended surface thus gained to encroach 
upon the ordinary parachuting fold at the side 
of the body, we shall get a very plausible ex- 
planation of the kind of way in which the wings 
of bats have gradually been brought into ex- 
istence by the process of evolution. 

In bats, as in all other flying animals, the 
presence of wings is associated with the develop- 
ment of powerful muscles for moving them, 
and we accordingly find here that those in the 
chest region are very large. In order to give 
them a sufficiently large and firm surface for 
attachment, the under side of the breast-bone 
is provided with a prominent ridge or “keel” 
As we shall see later on, the wings of Biids 
and of certain extinct Reptiles are constructed 
on two other plans, while those of Insects differ 
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radically from all Ithis well illusttk^i; . 

the principle that biological end 

be achieved by widely differing arrangements. 

Swimming Mamms^la. The great majority 
of mammals are able " to swim on oooasion, 
for to do so it is only necessary for them to 
continue the movements which serve for pro- 
gression on land. Man, unfortunately, is a 
notable exception to this. But there are members 
of several orders, and all those of two orders, 
which present special adaptations an aquatic 
life. These are found in the general shape of the 
body, and extensions of surface for progressing 
in the water, as by flattening of the tail and 
webbing of the feet. At the same time the hairy 
covering is either short and dense, or it may bq 
greatly reduced, the eyes are small, as also aro 
the external ears, knd the nostrils are valvular. 

One of the two members of the order of 
Egg-laying Mammals {Monotrcmaki), the duck- 
billed platypus {Omithorhy'nchm), is thoroughly 
aquatic in habit, as may be seen by its short, 
thick-sot fur, its webbed extremities (especially 
the front ones), its swimming tail (flattened 
from above downwards), its small eyes, valvular 
nostrils, and entire lack of externai ears. 

A Huge Swimmer. Among the Pouched 
Mammals (Mataupialia) we find a small opossum 
(Chironectea), native to Central and South 
America, which feeds upon fishes, and possesses 
webbed liind feet as well as a long, strong 
swimming tail. 'Uhe most notable swimmer 
among the Hoofed Mammals (Ungulakt) is 
the hippopotamus, in which the hair is scanty, 
while the four-toed feet are of suflicicntly 
spread nature to serve as paddles. The valvular 
nostrils are on the top of the snout. 

Some of the Insect-eaters (1 nsedivora) 
are also expert swimmers, among tliese being 
our native water-shrew {Crossopus fodiens), 
in which the hands and feet aro fringed with 
stiff hairs which give an extension of surface. 
Much more highly specialised is tlie insectivorous 
otter {Potmnogale) of West Africa, with its dense 
fur, small eyes, and valvular nostrils. The foot 
are not webbed, and the swimming organ is tbo 
powerful tail, which is compressed from side 
to side. Not dissimilar in some ways are the 
desmans (Myogale) of Spain and Russia, with 
webbed hind feet and strong tails.* Gnawers 
(Rodentia) also add their quota to the aquatic 
community. The capybara (Hydrochosrus) of 
South America, for instance, the largest . living - 
member of the order, possesses partially webbed 
feet, while our native water-rat, or rather 
water-vole {Microtvs amphibivs), is an expert 
swimmer, although its feet* are not webbed. The 
hind limbs are the active agents of progression. 

Aquatic Flesh«eatera. From the forms 
already mentioned we pass to others, a re- 
markable series of which belong to the Flesh-* 
eatere {Carnivora), The otter (iMtr'a)^ with: 
its webbed feet, powerful swimming tail, onj 
small earn, is a ease in poin^. The rare SM-otter 
{EnkydHs) of the North Pacific is opnsiruoted 
on somenfiiAt similar lines., . One entire, sul^ 
division.'; of the order (Pinnipedia) contains 
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aquatic animals only. All are distinguished 
by the possession of a thick coat of fat (blubber) 
beneath the skin, which is intelligible if wo 
remember the cold regions in which they mostly 
live. The huge wahus (Trichechua) poiOesses 
paddle-like liuihs, and its hair is very scanty. 

The sea lions (Otaria) are somewhat more 
specialised on the same lines, except that, like 
ordinary seals, their fur is extremely close-set. 
These forms are also called “ eared seals,** 
because they still possess small external ears. 
In both walrus and sea-lion the hind flippers 
can bo turned forward to iissist in a shuffling 
kind of progression on land or ice, while the 
former uses its tusks to some extent to help 
itself along in rough places. From these 
we pass on to the true seals (Phoca), in which 
the hind flippers arc directed backward, and 
bound up by folds of skin with the short tail, 
to constitute a very powerful paddle. This 
specialisation, though admirable for swimming 


dugong, both of which are purely aquatic^: 
The fore limbs are flippers, and the absence of 
hind limbs is compensated for by the broadening, 
out of the tail in a horizontal direction. The 
hair is very scanty, the valvular nostrils are 
on the top of the snout, and external ears are 
entirely absent. There is a thick layer of blubber. 
The tail of the manatee is rounded, while that 
of the dugong is pijpduced into a pointed “ fluke ’* 
on either side as m whales and their allies. 

Mammals that Resemble Fishes. We 
come lastly to the Whales and Porpoises 
(Cetacea), which are still more perfectly adapted 
to an aquatic life. Wo note in a porpoise, 
for example, the fish-like shape, well adapted 
for rapid progression through the water, and 
the smooth, practically hairless skin (beneath 
which is a thick layer of blubber). The fore 
limbs are flippers and the broad tail is horizon- 
tally flattened, being shaped like ‘that of a fish 
except that it is not vertical. Jlind limbs and 
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purposes, is, of course, a hindrance to progression 
on land, over which the true seals make their 
way by a mixture of crawling and springing. 

Freah« water Seals. But little is known 
of the remote ancestry of Pimiipedes, but 
one of the ancient flesh -eaters (Creodonta), 
native to North America, possessed somewhat 
soal-like extremities. This creature (Patriofelis) 
was a lake-dweller, and appears to have lived 
upon fresh -water tortoises. It is, therefore, 
not unlikely that seals and their allies were 
first evolved in fresh water, from which they 
ultimately made their way into the open ocean. 
Seals are now found in some inland seas, such as 
the (Jas])ian, Sea of Aral, and Lake Baikal, 
but this has a dilTereiit significance, for we 
know that in comparatively recent geological 
. times these bodies of water have been cut off 
from the ocean of which they once formed a part. 

An interesting paraliid is afforded bv Lake 
Tanganyika, which is inhabited not only by ordi- 
iifiry fresh -w'ater forms, but also by jelly-fishes, 
certain molluscs, and the like, which are charao- 
teristioally marine. We may regard the lake, in 
faot)» as a ^parated part of the Indian Ocean. 

The Manatee. The order of Sea-cows 
(Sirenia) ih^^es only the manatee and the 
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external cars are entirely absent, and the eyes are 
small. The nostrils of (Cetaceans are represented 
by a single or double “ blow-hole,” of valvular 
nature, right on the top of the head — an obvious 
convenience for breathing air with most of the 
body submerged. The ” spout ” which issues 
from the blow-hole is not a column of water, 
as often erroneously supposed, but the chilled 
and condensed vapour of the expired air. 

Origin of Marine Mammals. There 
can be no doubt that Cetaceans are the much 
modified descendants of land animals which 
have wrested the sovereignty of the sea from 
marine reptiles now long extinct. Unfortunately 
the geological record has not, so far, supplied 
iis with all the evolutionary stages of this 
ancient group, but it can bo definitely asserted 
that the oldest types are in some anatomical 
features rather nearer land mammals than 
those existing at the present day. It is, however, 
a matter of opinion whether they are more 
closely allied to Hoofed Mammals or Flesh- 
eaters. Most probably all three groups have 
descended from the same immensely ancient 
primeval stock, of which at present we have no 
certain knowledge. 

J. R. AINSWORTH-DAVIS i 
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ELECTRIC RAILWAYS 


•"■pHB problem of railway electrification covers so 
1 wide a field and involves so many considera- 
tions that it is not possible in this chapter to do 
more than refer to its chief characteristics. Its 
imt)ortance may be gauged by the fact that in 
this country alone oVer 220 route miles of lino 
are electrically operated, and several other largo 
schemes are in progress. On the Continent and 
in the United States the number of important 
lines partly or wholly electrified is considerable. 

Modern railway service may be roughly 
classified under two lioadings, namely (a) main- 
line services in which the stations arc some miles 
apart ; and (6) suburban services, where the 
stops are often as freiiuent as three or four 
to the mile. While electric methods have been 
successfully applied to both classes of service, it 
is in suburban work, in this country at least, 
that electricity has won its most conspicuous 
tmetion triumphs. 

The Suburban Service Problem. 

All travel must nowadays be exj)editious. To 
attain a high-speed mainline service one 
requires only to arrange for a high maximum 
s])eed without much regard to starting and 
stopping. For suburban service, hd\vever, atten- 
tion to these last is all-important, for whereas in 
the previous case the train is running for most of 
its time at its top s])eed, in this case the maximum 
speed can be kept iij) only for short periods, for 
a largt^ part of the time between stations is 
taken in speeding up or accelerating the train 
after a stop and in slowing clown or retarding it 
for the next stop. It is obvious that time, under 
these conditions, can bo saved only by getting 
up to the maximum speed as quickly as possible, 
and by bringing the train to rest as quickly as 
possible. These questions of acceleration and 
retardation become more 
and more important as we 
deal with the systems in 
which the stations are 
nearer and nearer together. 

To illustrate this point 
from actual practice, an 
cyperiment, from whic’h 
the curves in 160 have 
been ]>lotted, was carried 
Out a few years ago, and 
a steam train made a scries 
of journeys of vur3ang 
lengtlis over a level piece 
of track, and observations 
were made of the time 
taken. The train was first 
taken a quarter of a mile 
from a station,, and the 
driver was instructed to 
run to and stop at the 


station as in actual service, and the times 
and speeds were noted. The train was then 
taken half a mile away, and "was run into the 
station as before, and the experiments were 
continued in this way until the run was for 
two and a half miles. In 160, distances from 
the start of each run were plotted horizontally 
and speeds in miles per hour are plotted verti- 
cally. We learn from the curves that this 
train with the type of engine used had a maximum 
speed just under 40 miles j)er hour, and that it 
required to travel half a mile before this speed 
was attainc'd. In conse(|uence of this, and also 
of the time spent in braking, the average speed 
was inm‘h reduced, as shown by the final results 
worked out in the following table. 


Dislaijc<* between 
stops (miles). 

MiiKimuiii speed 
attained dining run 
(miles per hour). 

Average gpoed 
during run 
(miles per hour). 

i 

iid 

15*3 

h 

275 

20-8 

i 

31-7 

24-2 

1 

35 

28*6 

U 

37'2 

280 

n 

:38'5 ! 

30* 1 

n 

3ir.> 

31*3 

2 

30*5 

32*3 


30*5 

33*1 


39*5 

3.3*7 


Advantages of Electric Traction. It 

will be seen from the above how necessary high 
accelerating power is on suburban trains. The 
time taken on the journey depends very largely 
on the train rapidly acquiring full speed and 
being as rapidly brought to a standstill. On 
this, too, depends the allowable headway 
necessary between the trains, which in its 
turn determines the carrying power of the line. 
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Anyone standing on the platform of, say, tne 
Londoii District Railway stations during the 
rush hours, and watching the arrival and departure 
of long trains every minute and a half or so, will 
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learn much as to the change which the adoption 
of electrical traction has made possible. The 
average accelerating power usual on electrical 
lines is about (50 per cent, higher than the 
average on steam lines of the same class. 

Another advantage which electricity possesses 
is its cleanliness. No smoke or products of com- 
bustion are given off on the train ; and this 
makes it an ideal motive power for tunnel or 
tube railways. A further point in its favour is 
the ease with which trains may be made up to 
suit the traffic, each car, or each second car, 
being a motor coach. Hence by adding pairs 
of coaches any deiimnd may be met without 
uselessly running empty coaches. 

Railroad Characteristics. Just as we 
plotted a act of curves [139, page 1813] to show 
the characteristic })ropertics of a series motor, 
so, in order to show the performance of a 
certain equipment on a certain raihvay, the 
railway engineer plots a set of curves such as 
is shown in diagram 157. 

Tlie various curves arc plotted to a common 


tiuversed from the starting point. By referent^ 
to these curves we can see at a glance whethelc. 
the equipment has been used in a proper manner 
or whether it is suitable for the work in hand. 
Iiot us consider the current curve. At the stai^ 
it consists of a series of irregular peaks, showing 
how the current increases when successive 
resistances are cut out by the controller, and 
bow it then decreases as the train acquires 
more speed. After the final running notch 
is reached the current then continuously 
decreeuses until, at a certain distance from the 
end of the run, it is shut off altogether, and the 
train is allowed to coast for the rest of the 
journey until the brakes are applied as it enters 
the station. 

Looking at the voltage curve, we see that every 
time the current rises the voltage goes down 
owning to the increased voltage drop in the rails 
and feeding cables. The speed curve is the most 
interesting of all, in that by its initial slope we 
gauge the quickness with wdiich the train gets 
under way at starting and the quickness with 
which it is brought to rest. Wo can also state 
the proportion of the time during which it w^os 
running at full speed. In the curve this is 
about 180 seconds, or only .37 per cent, of 
the w'hole time taken on the run. 

IDlectric Traction, There are three sys- 
tems of electric traction in use, namely (a) the 
continuous ciUTent, (6) the single-phase alter- 
nating, and (c) the three-phase alternating. All 
have features w hich make them specially success- 
ful in particular cases. 

The Continuous Current System. 

This is the system in most general use in Groat 
Britain, 182 out of the 220 miles of electric 
railways in tfiis country using it. These 182 
miles include the London Metropolitan and 
District Railways, the various tube rail ways, 
the Lancashire and Yorkshire Liverpool to 
Southport line, the Mersey Railway, the Liver- 
pool overhead line, and the electrified sections of 
the North-Eastern Railw ay at New^castle-on-Tyne. 

It is usual to generate the current as three- 
phase, at high tension, and to transmit it at 
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tiJhe base, generally graduated in seconds, and 
tha various curves represent (a) the current 
qonntned from instant to instant, (6) the voltage 
on. the motors, (r) the speed of the traiAduring 
the run, and sometimes (d) the total distance 


5000 or 6000 volts to selected sub-stations 
placed at suitable points along the route of the 
line. Motor-generators or rotary converters are 
placed in these sub-stations, generating con- 
tinuous currents, at 600 or 650 volts, to supply 
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the third rail placed necar the running rails, but 
insulated from them as sho\vn in i63. • 

The return ^ath cither to the main station or 
sub-station is by a fourth rail which, as in 
(ho example illustrated, is placed betAveon the 
running rails. Motors, varying in power 
from fiO to 150 h.-p., according to the 
character of the line, are placed in 
every second or third coach, and mcaiis 
are provided for the control of all the 
motors from the driver’s cab. This 
control is by series-parallel connection^ 
as in the case of tramways, the main 
switches under each motor coach being 
operated elect romagnctically by a 
small control circuit. This system is 
fairly .simple, but in districts where the 
traffic is heavy the large line currents 
to be dealt with necessitate a number 
of sub-stations, the co.st, of which is 
very heavy. To reduce these currents and 
majee this system applicable to longer lines, 
higher line- voltages have been pro})osed and 
used. In the United States the Ccneral Klccdih^ 
Uornpany have installed a large number of 
]2(X)-volt .systems, and in .some 
cases have, u.sed 1500 and even 
2400 volt.s. Great care has to be 
taken in insulating all parts of 
the system ; and in many cases 
four motors arc used, which 
connected in pairs, so that with 
a 1200-volt line the voltage across 
t;ach pair of motors is 600 volts. 

An incidental convenience of this 
arrangement is the case with 
which the trains can bo run at 
full speed on the 12(/J-volt line 
in the open country, and at half 
speed on the 600 -volt town 
system. On the Continent con- 
tiTniou.s current line voltages of 
2000 volt.s have been used in 
Se ’eral cases; and in this country Me.ssrs. Dick 
Kerr lind Co., Utd., are converting a short section 
of the Lancashire and Yorkshire Railway so as 
to use motors wound for 1750 volts continuous 
current, with a line voltage of 3500 volts. 


The Single-Phase Alternating Cur- 
rent: This system is associated in the publui 
mind in this cjountry with the .successful over- 
lieafl installations on the London, Brighton, and 
South Coast RailvVay's South London lines, and 
with the Midland Railway Company’s 
nine- mile section betvveeii Lancaster 
and ITeysham. The currents are trans- 
mitted to the train at a ])rcssurc of 
3000 volts on the Brighton (’ompany's 
system, and at 660(1 volts on the 
Heysham line. These high pressures 
minimise the current required and 
reduce the number of sub-stations 
necessary, but involve an expensive 
overhcml sy.stcm of conductors. The 
motor e(juipment.s are heavier than 
for continuous currents ; and on the 
w hole tlie cost of installation i.s greater 
for sliort - dist ance lines than that 
(‘utailcd for a 6(Kl-volt continuous current system. 
But on long lines it would probably come out 
lower in tirst cost., and cheaper in working costs. 
The motors whic;h liave been developed for single- 
phase working act in .sotnc ciises on the same princi- 
])lc as the continuous current ser- 
ies motor 1161]. great care being 
( aken t horoughly to laminate both 
armature ( ore and ticld-magnet 
poles. In the United States, lines 
using the.se motors liavo'^been 
used in many eases on both alter- 
nating and continuous current 
.system.s, on the high pressure 
alteinating in the country, and 
on the 66(1- volt continuous cur- 
rent system in the town. In other 
forms of motor, however, the 
arrangement shown in 162 is 
used. In t his ])lan (a) the current 
as it goes to the armature A is 
tran.sformed down to a lower 
voltage, at T, and (b) an extra 
winding C, called a. compensating winding, is 
^ introducecl on the magnet systepi, a«d is so 
’ placed that it does not necessarily produce any 
extra magnetism, but rather oppoiSea the dis- 
torting action of the armature current. Both 



161. nr.AORAM OF 
•SERIK.S MOTOR 



162. DIAGRAM OF .SERIES MOTOR, 
WITH COMPEN.SATING WINDING 
AND CURRENT TRANSFORMER 
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these improvements lead to better commutation. 
[See mention of auxiliary poles on page 1152, and 
consult 96, page 1418.] 

Action of Single • Phase Railway 
Motor. The reason why the same motor 
will act in the same way when supplied with 
both alternating and continuous current is 
easily seen from the rule of the right hand 
explained on page 1007, where, in 49, wc have 
the direction of the magnetic field given as 
toward the left. The voltage is applied, and 
therefore the current floAvs toward us, and we 
see that the resulting motion is upward. This 
represents ' the state of things for ^ntinuous 
cm rent or for one half — say, the positive part — 
of the alternating current w^avo [89 and 90, page 
1288]. Now consider the case of the second 
half— that is, the negative part of the alternating 
ourient wave. The direction of the voltage and 
theiofore of the fk)W of the current has altered. 


The method of control generally used on this 
system is to arrange a number of connections 
on the secondary of the transformer used to ^ 
reduce the line voltage in the motor circuit. ' In 
this way the effective motoir voltage can easily 
be vari^ at will, and consequently the speed at 
which the motor is running. While in the 
United States the single-phase system- has lost 
some of its popularity, owing to the claims of the 
high-tension continuous current, some very 
large schemes are being planned on this system 
on the Continent. 

* The Three-Phase System. The three 
phase motor has been successfully applied to 
traction work in Italy and a few^ other places. 
The extent to w'hich it has been adopted on the 
Government railways in the north of Italy is 
shown by fhe fact that there are over 200,000 
horse-power of rail motors either in use or m 
process of construction [166 1. 



and the magnetism in consequence has also 
altered in direction. Now place the right hand 
so that the first finger points to the right and the 
second finger points away from one, and we shall 
see that the thumb, indicating the direction of 
motion, still 'points upward, thus showing that, 
in whichever direction the current flow’s through , 
the machine, the direction of motion is the same, 
whether the current at the moment is flowing 
forward or backward. For further study, 
readers should apply the reason to the actual 
case of a field- magnet and a current-carryinjg 
conductor shown in 94. It may be asked, if 
Vhe direction of rotation is independent of the 
direction of application of the voltage, how then 
is the direction of rotation alter^ ? This is 
done, as explained on page 1417, by reversing 
the connections of either the field magnets or 
the armature. 


The three-phase motor has several marked 
advantages for railway work. Being of the 
induction type, the motor has, if w’ound as a 
squirrel cage, no moving, rubbing electrical 
contacts whatever ; while as a slip-ring motor 
the collected currents are of low voltage and 
have no direct connection with the line current. 
Consequently no transformers are needed, the 
line current at 3000 or even 5000 volts 
passing directly round the stator of the motor. 
Another point is that the motor runs at a certain 
speed whatever the load, and it is therefore 
possible to maintain a high scheduled speed 
along the route. The maximum speed dependsi'^ 
of course, on the frequency of the supply and on 
the number of poles on the motor ; and these 
have to be considered when the line is planned 
out. An advantai^ with the three-phase motoi 
is that when runmng downhiU it may be made 
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t.o act as a generator, the current thus produced 
being returned to the line, not dissipated in 
resistances as in the case of series-wound con- 
tinuous current motors. It is said that in this 
way 17 per cent, can* be saved on the cost of 
the coal bill. With three-phase traction, how- 
ever, at least two overhead high-tension wires 


ring circuit of the motor, cutting it out when 
synchronous speed has been obtained. 

The Collection of the Current. The 

third and fourth rail methods of collecting the 
current generally, used in cases w here the 600- 
volt continuous current is employed, have already 
been referred to. When higher voltages are used 



166. THRKK-PHASK I.OGOMOTIVE AND TRAIN' 


are required [165]. This means that the rails are 
used as the third conductor, or else that an 
insulated third rail is provided for this purpose. 

The Cascade Connection of Motors. 
In places such as level crossings, where the 
insulated rail has to be discontinued, the two 
overhead linos can temporarily run the motors as 
single-phase induction motors ; but the per- 
formance of these motors under these conditions 
is not satisfactory for more than a few' minutes 
at a time. It is possible by the use of w'hat is 
termed the cascade connection of motors to run 
at two speeds ; and recently, by arranging the 
motors so that tliey can be used w’ith ditTerent 



466. DOUBLE CATENARY LINK CONSTRUCTION: 
BRIDOE SUPPORTS 


numbers of poles, Messrs. Ganz and the Oerlikon 
Company have been able to obtain economically 
four and even more speeds. Ordinaiy regulation 
is obtained by inserting resistance m the slip- 


whether continuous, single-pha.se, or three- 
pluise, the catenary niethoii of suspoiuling the 
live wire is usually adopted. This consists, as 
shown in 166, of a copper w ire w hich, from a cur- 
rent-carrying point of view', may be smaller than 
that used on tramways, is not directly supported 
from the ])ole8 by ears, as shown on page 1817, 
but is suspended from a galvanised steel wire, 
which in its turn is supported from the posts. 
Thus : (1) The copper trolley wire may be sus- 
jiended without any sagging, by making the short 
suspending wires between it and the upper steel 
w ire- of ditTerent lengths ; (2) the poles may be 
erected farther apart, because the strain of each 
span now comes u})on a steel wire instead of upon 
a copper wire ; and (3) the use of the t wo wires 
gives a smaller resistance to current passing from 
the feeding point to the train, and so the feeding 
points may be fewer. 

Great care is taken, and often large sums 
are spent, on the line supports. On the elec- 
trifitHl sections of the Brighton line there are 
sit'd lattice structures passing over both lines, and 
from these the catenary wires are suspended. 
On other lines a bracket suspension is emx>loyed. 

Locomotives. An interesting point in 
electric traction is the means used to transmit 
the power to the trains. Practice seems to have 
settled down, so far as British suburban work 
is concerned, to the u.se of motor-driven coaches 
[169]. Fig. 164 shows one of the Lancashire and 
Yorkshire motor-equipped’ trucks, and also the 
arrangement of the collecting shoe at the side. 
There are only isolated cases of sei>arate loco- 
motives [ 1 58]. In America and on the Continent, 
however, separate electric locomotives are very 
generally used, and some ve^ large and power- 
ful examples, capable of working up to 2500 h. -p., 
are being built. SILVANUS P. THOMPSON 

1953 
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The Demands of the Instrument, 
a Fiddle. The Strings and Bow. 


Names of the Parts* Buving 
Tuning* Time* Exercises. 


THE VIOLIN 


T he .precxiTPor of the violin was the viol of the 
Middle Ages. As early as 1200 the word 
“ violin ” is. mentioned in the legendary life of 
St. Christopher. It is an abbreviation of the 
Italian violino, the latter implying the diminu- 
tive of the great violone, or double bass. There 
were four chief patterns of viols. The smallest 
of these, termed the treble, or discant viol, was 
superseded by the Italian violin. The next size 
interpreted a deeper part. It was known then, 
as now, by the name of viola. Thus, our tenor 
violin is the only instrument of the 
group of fiddles retaining to-day the 
name borne by its predecessor in 
mediaeval times. -Certain of these 
tenor viols, like the viol d’amour, 
had seven fingerboard and seven 
additional strings underneath. The 
latter, vibrating in sympathy when 
those above were bowed, gave the 
instrument a peculiar quality. 

Construction of the Instru- 
ment. The violin, whether of large 
or small pattern, is differentiated from 
all other musical instruments by the 
strings being set into vibration 
through the friction of rosined 
hair. In the old rota, and, 
later, the hurdy-gurdy, this was 
effected by means of a wheel 
instead of a bow. In the violin 
we have a survival of the fitter 
method. 

Votaries of the violin point 
to the fact that, whereas other 
instruments are always being 
modified or improved in some 
way, during the past three 
hundred years the fiddle has 
undergone no change in con- 
struction. Considering that 
sensitive musicians are some- 
what given to fault-finding, and 
that thousands of them have 
not only been entirely satisfied 
with the instrument, but have 
shown an intense love for it 
during that long period, the 
beginner may well regard it with reverence. 
Apart from this, since violin evening classes 
have been instituted by the London County 
Council, it is evident that we are on the eve 
of a popular development in violin playing. 
Although a temporary check may have been 
put on pianoforte teaching, owing to the 
spread of mechanical players, there is little 
likelihood of the inventor encroaching on the 
preserves of the violinist. 



Practice. The importance of the violin can- 
not be overestimated. It is the chief, or leader, 
of the group of bowed instruments which forms 
the basis and body of the material constituting 
the modern orchestra. The greatest of the com- 
posers, therefore, have made a careful study of 
the violin and its kindred. At the same time, 
although indispensable for the achievement of 
collective effects in a concert -room, there is no 
other oreh(‘stral instrument which can show such 
a roll of honour of world-famous solo players. 

The instrument demands industrious 
practice. The fact that to excel on the 
violin is at first uphill w-ork makes a 
musical hero of the successful student. 
When he presently discovers that he 
can captivate his hearers by a simple 
melody, after the mastery of studies 
which appeared impossible when first 
attempted, he has his reward. Thus, 
although violinists, as a body, may be 
poorly paid, the instrument itself in no 
small measure mentally compensates 
the artist by the ever-growing pleasure 
he derives from his close association 
with it. 

The Parts. The pianist 
may win a scholarship at a 
chartered institution without 
knowing why the bent side of 
a grand is on the right instead 
of the left of the keyboard, or 
without being able to describe 
the difference between a 
hammer-butt and a balance- 
rail. But tlie fiddler prides 
himself on understanding every 
detail of the anatomy of the 
violin. As a consequence he 
looks after his instrument 
more intelligently. Ho is able’ 
to comprehend its many moods 
— for a fiddle can 'catch cold 
like a human being. If 
properly eared for, it recom- 
penses the player by the extra 
pleasure it gives. 

The student should now 
numbers attached refer to the 


THE INSTRUMENT 


t iTn to 1 ; the 
different parts. 

The Scroll, or Head (1). Its base forms the 
Peg-box. This bears the strain of the four strings, 
approximating to 68 lb., but the total pull of a 
heavily-strung fiddle has been known to reach 
80 lb. The weight of the scroll also gives as 
much equipoise to the instrument as the extra 
heaviness at the stock of a rifle makes that 
weapon more easy to handle. The carved curls 


THEORY J PRACTICE OF ALL MUSICAL INSTRUMENTS^ ELOCUTION, A S1N01N6 


at either side of the cheek are called volutes, 
architectural term denoting the spirals in Ionic 
and Corinthian capitals. 

The Tunim^-peg (2). Tt is bored in the shank 
with a String-hole, If the peg be too firm, ease it 
by rubbing it with a little dry soap. 

The Peg ‘hole (3) is bored through both chocks 
of the peg- box. The lowest hole bears the 
heaviest string, the next the lightest, the one 
above the second heaviest, and the top hole the 
second lightest. In this manner the strain is 
distributed evenly. 

The Neck (4). This is covered in front with the 
ebony Fingerboard (0). No matter how good the 
tone of the body of the instrument may bo, if the 
neck is not well proportioned and the lingcrboard 
fixed at the x^ropor angle, the cleverest jdayer 
cannot make the fiddle sound to advantage. 

The Shoulder (5). The shoiildor is the jjart under 
the base of the neck. Tt supports the hand of 
the player when fingering in an upx)cr register. 

ThoJlelly (10), carved in an arched orbiilged- 
out manner, is pierced by two sound-holes (7 and 
8). These, on account of their shape, are called 
f holes. Tiie belly, being of silver i)ine, the most 
elastic of knowm woods, acts as a resonator, and 
ami)lifieB the initial tone which comes from the 
strings down through the Bridge (9). So as to got 
the pulsations of the strings swinging through its 
two feet over the whole soundboard and the 
body of the instrument, it is important that the 
bridge should be of the right height and material. 
Hard beech is most satisfactory. On the to|) of 
the bridge are four chimbs. If these nicks get 
too deep, the strings, when tuned iq), will rise 
in jerks instead of stretching smoothly. The 
inlaid lines, of black wood between fine strips of 
white plane-tree round the margin of the belly, 
arc known as the purfling, which, by binding 
the fibres together at the border, preserve the 
edges of the instrument. 

The “Body.” The belly is connecU'd by 
curved sides., of a carefully calculated depth, with 
the back. Tliese three parts form the body, which 
is so graduated internally as to enclose a mass of 
air necessary to produce 512 vibrations per second. 
Jammed between the belly and the back is the 
soundpost. Without this little rod, the violin lacks 
its sustaining qualities. By uniting the 6px>osite 
Bid(*8, the soundpost permits the circuit of 
vibration to comi)lcte itself, and enabk-s the 
sound-waves to act and react on each other 
frc^'ly. Another great nerve in the fiddle under 
the belly is the bass-bar. This extends from 
th. left foot of the bridge in a slightly slanting 
direetion. To explain the influence of this bar, 
it may be mentioned that every jiiece of wood 
has a definite tone when struck, if one has the 
ability to hear it. The great fiddle-maker, 
Stradivarius, on completing a belly of sonorous 
pine, found that it emitted the note C. After 
cutting the / holes, the. pitch was lowered half a 
tone to B. Thereupon, he accelerated t he vibra- 
tions by adding a bass-bar. This raised the sound 
to D. He then reduced the thickness of the bar 
until the belly responded with the note he wanted, 
C. But if the belly sounded C he tuned the 
pitch' of his backs to P, always a tone higher. 
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For the Tailpiece (11), glass, ivory, and various 
metals have all been tried, but plain ebony is 
best. It will be noted that between the edge 
of the tailpiece and the bridge there is a space 
of about in. where the strings are not played 
upon. The length of this un- bowed portion is 
mathematically calculated. It has a great 
influence on the character of the tone. Although 
the bowing is done below the bridge, when the 
long segment of the string there is sot into 
vibration, the unused rtimainder of the strings 
reinforces the sounds by emitting w^hat are 
calk'd overtones, which add to the brilliancy 
of the notes. These sympathetic upper partials 
may not be i)erccptiblc to ordinary ears. If a 
piece of heavy felt is wrapped over the strings 
from the tailpiece almost as far as the britlgo, 
the difl’erence in quality can bo proved. At the 
broad end of the tailpiece am four slots, or 
eyes, tr) receive the ends of the strings. The 
outline then diminishes before it terminates. 
The small bulb at the end is called the saddle. 
In this are a couple of holes. These receive the 
loop of thick black gut which fits round the 
tail-pin. The latter is fixed firmly into the 
tail-block. 'J'his, before being glued into its 
place, furnishes a spy -hole for the maker to 
see that all i.s right inside before he closes it up. 

Buying a Fiddle. When choosing an 
instrument, do not cx()oot to pick up a bargain 
for a small sum, especially at a pawnbroker’s. 
Refrain from answering catchj)enny advertise- 
ments, and disregard an old name on a label 
inside any instrument offered for less than two 
figures. In every large town a repairer of 
violins is to be found. Seek out such a crafts- 
man. His tribe is invariably enthusiastic, and 
useful hints may he gained from him. 

Because great players possess old instruments 
bearing famous names, it does not follow that 
an ancient fiddle is invariably better than a 
modern one. The reverse is the case if the 
imrchase is limited to about £2. For that 
sum an excellent copy of a good model may be 
obtained from w’^eJl-known London firms, such 
as Hill, Withers, or Hart. Unless the beginner’s 
fingers are diminutive, it is better to get a 
full-sized instrument. In the former case, a 
three-quarter or oven a half-sized instrument 
may bo advantageous. In the latter instance, 
the length of the string from the bridge to the 
nut on the fingerboard should be approximately 
1.3 in., and the total length of the body nearly 
14 in. If the violin is required for orchestral 
work, choose a flatter l>elly than if for solo 
playing. A flat model has more penetration 
of tone. A fuller curve is calculated to produce 
more mcllowme^s, or sweetners. 

Strings. 'Fhe same consideration applies, 
in a lesser degree, to the gauge of the strings 
used, A set of the thickest gives fulness at the 
expense of brilliancy, whilst the thinnest give 
brilliancy at the expense of fulness ; moreover, 
the latter are more liable to break. Medium 
gauge is preferable. Before putting on a 
string, see that it has not become untwisted. 
Make a small loop at one end of the thinnest, 
or E string. Slip this through the aperture 
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in the tailpiece. Draw the rest of the striiifl 
through the loop. With the otlier end, thread 
the eye of the tuning-peg. A pair of tweezers 
is useful for drawing the end through the 
other side. The other three strings do not 
require a loop ; a double knot suffices to keep 
them in their places on the tailpiece. After 
screwing up the pegs, cut off the ends of the 
strings. Do* not let them down after practice. 
This alters the tension on the whole instrument, 
and when they arc screwed 
up again they will never 
keep in tune. 

The Bow. If a service- 
able violin can be purchased 
for £2, a suitable bow is 
obtainable for 58. or less. 

In selecting, be careful to 
got a straight, flexible and 
light stick. The whole should 
not exceed 2^ oz. in weight. 

See that the screw works 
properly. The best hair is 
that from the tail of a white horse. One hun- 
dred hairs are used, and they should not cross 
over one another. The hair of horses is whiter 
and less greasy than that taken from mares. 
Some players nowadays affect very long bows, 
several inches in excess of those of the celebrated 
Tourte pattern. Avoid extremes. Choose a 
bow of medium length. Get a box of purified 
rosin for a few pence. 

Another small item usually incurred ir the 
purchase of a “ chin -rest. Great players 
formerly were content to make a pad oi their 
' handkerchief. But a jfiain ebony chin -rest 
gives increased firmness when holding the 
instrument. Spohr's fiddle-holder was fixed 
immediately over the tailpiece. Nowadays, 
the accepted place is to the left of the tail- 
piece over the body of the violin. An advantage 
claimed for the chin -rest is that it does not 
damp the vibration of the belly, as is partially 
the case when the latter is pressed by the lower 
jaw. 

Soundpost and Bridge. Sometimes an 
otherwise good fiddle may sound very dull 
in tone owing to the wrong 
position of the sound- post. 

This little cylinder inside the 
instrument, as has been ex- 
plained, supports the bridge, 
and is placed under its right 
foot. The middle of the left 
foot of the bridge must stand 
exactly over the bass- bar, the 
position and breadth of which 
can be discovered by a thin 
hooked wire being inserted 
through the / hole. A slight adjustment of 
the soundpost, with what is called a sound- 
post setter, may greatly improve the tone. 

' Or perhaps the reason of the dulness is because 
the bridge is too high. The outlipe of the top 
of the bridge is regulated by the arching of the 
belly. It ^ways slopes more over the E string 
than. over the one covered with wire, so as to 
enable the lD|ter to be more easily boiyed. .:The 
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line with the inner notches of the / holes. 

Tuning* Each of the four strings of the 
.violin ,)||^ a different gauge. The ‘thiqkest of 
the four n the D, although that does not give the 
lo^st sound. The bass string, being artificaliy 
weighted with wire, is only 
a‘ little thicker than the A, 
or second, string. Copper- 
covered strings are less ex- 
pensive than those with 
silver. Their tone is often 
as good, but their surface is 
more apt to corrode. When 
a gut string is put on the 
tone is sometimes false. 
This may be due to an error 
in the make,, or to the fact 
that the string has perished. 
A dull or spotted appear- 
ance indicates the latter 
condition. Good strings are 
pale yellow, transparent, 
and glossy. In any case a false string is worth- 
less. To keep spare strings in good condition, 
enclose them in an air-tight box wrapped in 
oil-silk. Always buy the best quality of strings. 
Avoid “ acribelle,” or silk strings ; they are 
liable to fray, and their sound is generally 
undesirable. 

Tune the second string to A — second space, 
treble clef — by a tuning-fork or piano. If a 
piano is unavailable, seta of four pitch pipes can 
be obtained for a small sum. If too low in sound, 
screw the string up gradually. It may break 
if the tension is increased suddenly, or the string 
is wound too far. When turning the peg and 
twanging the string, watch the bridge. If the 
string pulls it forward, release the strain slightly, 
or the bridge may fall and break. 

Tune the third string to D, a perfect fifth 
below A, and the fourth string to (5, a perfect 
fifth below D. Lastly, tune the first string to E, 
a perfect fifth above the A of the second string. 
If it docs not sound flat enough, a pressure of 
the thumb along the string should suffice to 
stretch it to the lower pitch without further 
screwing. If the- pegs are 
loose and they run down, 
chalk will make them hold 
better. These four strings give 
the natural, or “ open ** notes 
of the violin. 

Attitude. The first ex- 
ercise is to learn to bow the 
four open notes properly. To 
do this, the beginner must hold 
himself and his violin correctly. 
He will be seen at his best — 
as well as at his worst — when he plays standing. 
Hold the body erect. Keep the feet slightly 
apart. Throw the weight on the left foot. Avoid 
assuming any position which is unnatwal* 
Nothing looks wprse than a fiddler who stoops,, 
sticks out his, elbows, or lets his instrument 
droop in front whilst he scrapes on it limply-; . 

Left Hand. Hold the violin by its neck 
;with the left hand. Lay the tfdl-end of ; 
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instrument upon the left collar-bone. Advaitce 
the left shoulder slightly to receive the violin. 
Incline the head to the left ; place the chin on 
the chin -rest to the left of the tailpiece. The 
grip between chin and collar-bone should bo 
sufficient to hold the violin horizontally without 
assistance of the left hand [2]. 

It is better at first to incline the fiddle a trifle 
up rather than downwards. Although the axis 
of the violin from the tail-pin to the scroll should 
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be kept level, in order to enable 
fourth string to be bowed 
• easily, cant the body of tin* in- 
strument obliquely to the right. 
Place the left hand on the neck, 
with the thumb to the left and the fing<^rs 
over the strings. Do not let the neck drop 
into the hollow of the thumb. Instead, regard 
the thumb and first finger as a two-pronged fork. 
Whatever pressure is necessary should bo 
between the ball of the thumb and the second 
joint of the first finger — half-way up the prong. 
At the base of the fork, the player must keep a 
free space, so that “ daylight ” may show 
between the two digits [Sj. 

The object of this rule is to keep down the 
wrist as vertically as possible, well under the 
neck, so that, later, when the hand is shifted up 
the fingerboard for playing high notes, it may 
move freely and uniformly. The tendency (>f 
the beginner is to let the wrist advance to sup- 
port 1 hie neck. This is a bad habit, and must be 
avoided. The instrument should not require any 
such assistance if held properly by the chin. 
The thumb acts as a rest rather than a vice when 
in contact with the neck. 

Bend the elbow to the right, w'ell under the 
centre' of the instrument, without leaning it 
against the player’s body. It constitutes a zig- 
zag bracket, which should bo free to swing 
laterally. Paganini, the greatest of fiddlers, 
?rooked his elbow in such a way that 
it came out at the right side of his / 

instrument. But he ^vm a phenonie- ^ 

non. In violin playing, the position 
should be as graceful as possible. If ^ 

good tone is to result, the fingers must be able M 
to move freely and independently. This is M 
only ]) 08 sible when the fiddle is held firmly, M 
ard at the same time with a certain steely M 
flexibility. ” 

Right Hand. Having rosined the bow 
thoroughly from tip to nut, take it up with the 
right hand [4]. Place the thumb in the hollow 
in front of the nut, or screw-slide. Rest the 
first, second, and third fingers on the back of the 
stick, pointing them to the screw end much in 
the manner that one holds a pen. The place of 
the first finger is at the end of the silk wapped 
round the stick, which gives it a good bold. The 
fingers should not touch the hair. While the 
first finger encompasses the stick, pressure 
between the second finger and thumb mainly 


controls the bow movements. If it is necessary 
to keep the joints on the left fingers well u]) over 
the strings, it is equally desirable that the right 
wrist should bo held high, while the fingers, point- 
ing down, are kept close together on the stick of 
the bow. Do not project the right elbow ; hold 
it close to the side. 

Exercise on Open Notes. Place the 
tip of the bow on the first string midway between 
the bridge and the end of the fingerboard. Press 
the tip on the string. Play the open note 
■ii%. E, keeping the body steady. Ihish the whole 
length of the bow slow ly upwards across the 
string. Instead of trying to crush the tone 
out of the string by means of downward 
weight, cultivate a lateral pressure. Pass the 
bow along firmly, with its stick inclined 
somcwliat to the right, as if cutting the string 
equally with a sharp knife. What is wanted 
is not vertical, but an ovim sidelong weight. 
To get this, keep the bow parallel with the 
bridge and at right angles tD the strings until 
the nut is reached [5]. As the bow ascends, 
curve the wrist gradually more and more ; make 
the wrist movement artistically. If the beginner 
has a chance of seeing Lady Halle play, ho will 
understand how beautifully this can be done. 
The action should bo light rather than heavy ; 
but whilst supple, there should be no display of 
weakness. As slowly, draw down the bow until 
the tip again reaches the string. Throughout 
each bow movement, the stroke should be of 
equal length and equal duration. Do not be 
discouraged if the effect is rough and squeaky ; 
the coarseness will diminish with practice on the 
beginner bearing in mind to try always to cut 
the string figuratively by the sharpness of the 
lx)w. 

Having tried the E string, take the A. Simple 
as it may seem, to hold both the instrument and 
bow correctly requires as much self-discipline as 
holding a rifle in order to shoot properly. As 
the A string is higher than the E, begin with the 
nut of the l)Ow slightly elevated, compared with 
its position on the first string. Do not be satis- 
fied until the note is produced steadily without 
I I U)uching the other strings. Then take 
M the D string, raising the right ellK>w a 
“ : little ; lastly, go 

tO tliO ,G. The 
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■ PARALr.EL elevated ; 

H take care not to 

■ advance or draw it back, or the bowing will 

■ not bo straight. In playing the fourth 
" string also, be careful not to let the wire 

buzz on the fingerlward. In some Addles, 
w'here the covered string chatters chronically 
under pressure of tlie bow, the defect has been 
cured by a slight hollowing of the fingerboard 
at its wider end, so as to give increased space 
for the vibrations. 

Repeat the foregoing exercise quicker,' bowing 
four strokes to each string. A flute player, when 
he practises, cannot count aloud. Make use of 
the advantage which the violinist has in this 
respect. Imagine that the beginner is a recruit 
on parade, and is being drilled by numbers. On 
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the word “ one,” pass the bow up its full length ; 
on “ two,” bring it down firmly ; on “ three,” 
pa4»8 it up again ; and on “four,” bring it down. 
Without break, continue the motion on the A, 
D, and G strings. After four more strokes on 
the G, return to the D, the A, and finish up on 
the E. Still counting, next proceed to leap from 
one open string to another, and then play tuo 
open notes at one time, thus : 

A = Down bow^ V~Up bow. 



Stopping. Hitherto, the left fingers have 
been clear of the strings. The beginner will now 
begin stopping the notes. Remember, while 
doing so, to keep the left wrist down and get 
daylight between the thumb and the base of the 
first finger, l^raetise these preliminary exorcises 
in front of a looking-glass, so as to contract no 
bad habits a« regards position. See that the 
scroll of the violin is kept well up, that the bow 
does not sway from side to side, but passes 
parallel with the bridge, and that the movements 
of the arm and body are not jerked, but are 
made easily. 

Now press down the fleshy tip of the first 
finger on the first string tightly, near the nut of 
the fingerboard, so as to form a half-tone, F, 
above the open note E. When the finger goes 
down, the violin must be kept still, and the ball 
of the thumb will resist the pressure. Count 
throe. On the word “ one,” bow^ the F evenly 
and clearly ; on “ tw’o,” take off the first finger. 
With the dowm bow, play the open E. As the 
stopped note w^os less clear than the open note, 
tiy the F again with the up-bow, pressing the 
finger well dowm. Continue on the second strinjr. 
On this, put dow n the second finger ; it shoukl 
produce C, a thinl above the open note A. 
Count three. On the word “ one,” play the 
C ; on “ tw’O,” the open A ; on “ three,” make 
the C sound bettef than it did before. (b‘t it 
well in tune. Proceed to the third string. On 
this, put dow'n the third finger to produce O, 
a fourth above the open D. As the third finger 
is weak, press with emphasis, (’ount as before. 
Sound with the up-bow’ the stopped note G, with 
the down-bow^ the open D, repeating the up-bow 
in order to do better than before. 

Advance to the fourth string. On this, put 
down the little finger to stop D, a fifth above the 
open G. Although the fourth finger is the 
smallest member of the hand, it is important to 
the violinist ; being the smallest, it should 
receive special attention. Keeping the midget 
down firmly, on the word “ one,” sound the D 
with an up-bow; on “two,” raise the little 
finger and play the open G ; on “ three,” repeat 
Hhe up- bow, getting a better result. Tiy the G 
string exercise again ; then go back to the third 
string ; put down the fourth finger with thAt also, 
and stop A, a fifth above the open D. Proceed 
to the second string , put down the third finger^ 
soundi||| D, a fourth above the open A. 


.Lastly, put down the second finger on the first 
string, stopping G, a third above the open E. To 
make the motions even, it is advisable to practise 
with a metronome, as drummers do in the army* 
If a metronome is not available, regulate the 
strokes of the bow to so many ticks of the clock. 
Avoid beating time with the foot, and do not 
sway the body. 

Time. The simplest form of time consists of 
alternately strong and weak accents at regular 
intervals. Take, for example, common time J, 
which has four crotchets in a bar. The first 
beat has the strongest accent and the third beat 
a slight accent. To appreciate this, take a baton 
and beat in four time. The firs^ beat is a strong 
down stroke, the second a weak stroke to the 
left, the third a fling to the right, the fourth up* , 

Common time is expressed in many difi^n^' 
ways, and with many different note Values; 
We will take the three simplest to begin'^[MtB, 
with an exercise to each to be practised pri Wery| 
string. First, take the semibreve, the longest^ 
note in common use. It is equal in value tp ^ 
four ■ crotchets. Hraw^ the bow slowly across 
the first string E, counting four. The be- 
ginning of the fdown-bow must be slightly 
pressed on the “ one.” Next put the first 
linger down on F firmly and bow with the up- 
stroke, attacking the first beat.^ Then put the 
second finger down a little apart from the first 
to make G, the first finger remaining down as 
well. This is played .with the down- bow, count- 
ing as before, and w’ith the up -bow the third 
finger goes down for A. 
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Second, we will take two minims, w^hich 
equal one semibreve, and count two beats to 
each. The bow in this case will move twice as 


quickly as before. Our next little exercise we 
will take on the second, or A string. Draw a 
down- bow on open A string, counting one, two, 
and, as you count three, the first finger must b^ 
placed on A to make B, on which you bow an up-' 
stroke and count three, four. The next fing# 
you put down wdll be the second to makp ® 
using a down-bow and counting one, twp^ M 
before. Then on three put the third finger 4oWiv 
making D, which must be played with an 
counting three*, four. " ® 

A o V 1 A a Y 3 Lastly, take four 

— 0. PP CTotchets in a bar. 

5^ j This means a separate 

S ziip_^znbb:-::t:rD bow for each note, and 
1 2 4 1 2 s 4 this exercise we will 

take on the D string and on the G. 

M (^) 
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The Treatment of Yarn Preparatory to Weaving. The Vital 
Importance of a Humid^ Atmosphere in Weaving Sheds. 

PREPARING FOR COTTON WEAVING 


F actoeies for cotton spinning are spoken 
of as mills, but the trade name for weaving 
factories is sheds. We have seen that ootton 
spinning mills are ordinarily struetures of several 
storeys, but weaving is practically always done 
upon the ground floor, and for two reasons. 
Groat vibration is set up by fast -running looms, 
of which usually hundreds, and sometimes 
thousands, are lioused in oiu* shed. 'J'hen good 
lighting is indispensable to good work, and the 
.best lighting is scoured by ado])ting a saw- 
toothed roof construction, glazed with thick 
glas 9 , facing north. A double-storeyed ediflee 
conf.aining the offices, store-rooms, warehouse, 
.'•and some auxiliary machinery, often fronts tho 
shed,* as it docs in 1. The illustration sliows 
a weaving shed with its boiler and engine houses 
at one side, and time office at the other, with 
roadways for incoming and outgoing goods. 

Power Used for Driving Looms. St(^am- 
power is chiefly used for driving looms, partly 
because steam is cheap and the engines reliable. 
There are other reasons, for steam is often 
necessary for other work than driving tho mill, 
as in heating and humidifying tho atmosphere, 
or for supplying boiling water. Gas engines have 
been used, but the motive power that makes 
most headway in rivalry with steam is cU'ctri- 
city. Individual driving ])y the direct coupling 
of motors is suitable for heavy looms, but light 
looms arc preferably driven in groups of fifty to 
one hundred by a motor couijled to a shafting. 
The power consumed by light calico looms is 
not great, and it is customary to reckon that 
three or four absorb one horse power. As it 
hardly ever happens that all the looms in a large 
group are in motion at one time, it is customary 
to stiike an average of the power required. 

The oquipmont of weaving sheds varies with 
the class of goods woven, and tho form in which 
the yarn is received. The largest business is 
done in plain goods made with yam fresh from 
the spinners’ hands, and though many manti- 
^facturers have spindles of their own, the largtn* 
pai^ of the yarn woven is })ought from spinning 
tuttls outside. Manufacturer is the name that 
i distinguishes cloth producers from yarn pro- 
ducers. Weft yarn is delivered to the manu- 
facturer upon mule cops or ring bobbins ready 
for the loom. Twist yarn is mainly delivered 
upon mule caps, from which it requires winding 
on to waqiing bobbins ; but ring-spun and doubled 
twist are often delivered ill the form of cross- 
wound cheeses [5J, or of warps rolled in ball 
form, or wound upon the beam. In some 
circumstances the business of winding and 
warping falls then to the spinner, and in others 
to the manufacturer, . 


Winding Yarn for Warping. The opera- 
tion of winding from a small cop or bobbin to a 
larger xvarping bobbin, without combining strands 
togc'ther or increasing the twist, is a very simple 
one. Tho yarn for winding is placed on rotating 
pegs carried on a bracket some little height 
above ground, and the. ends of the yarn are led 
upward over a guide and wound upon tho larger 
flanged bobbins which rotate upright upon 
spindles above. Tlio guide is a moving rail which 
lays the yarn evenly. In transit from the co^ to 
tho bobbin, the yarn receives a certain amount 
of clearing by friction with a flannel-covered 
board or t>hish-eoverod roller, and by passing 
through tlie teeth of a wire brush. 

Yarn that is to be wound from hanks is dealt 
with upon a split-drum winder of tho same type 
as that described in rc*lation to tho operations 
of cotton doubling. The knotted hanks arc 
opened out and placed upon the arnfs or rijces of 
hexagonal reids, and the end is led upward 
through tho diagonal cleft in tho drum or 
cylinder, and wound upon horizontal tubes into 
a cheese or cone. Yarn is wound also from cops 
or bobbins by use of a similar machine, and it is 
an advantage for some purposes to dispense 
with the flangc'd or two- ended warping bobbin. 
Crosswound yarn does not need the support of 
bobbin-ends, which are always liable to breakage. 

Beaming the Warp. Tho object of 
winding the warp yam is to obtain'' long con- 
tinuous lengths. The next step is to arrange 
continuous threads of a pre-determined length 
and number in a parallel form. They are the 
threads that arc to run from end to end of the 
woven fabric. The requisite number of bobbins 
or cheeses to form the warp are mounted in a 
frame or creel, so that each is free to unwind 
when the yarn is pulled. This creel in tho 
imrjp'heaming machine is a hinged structure of 
V-shape, from which the threads arc drawn 
parallel through the wires of a reed, under and 
over tension rollers, and next through a guido 
comb. They are wound then upon a beam, or 
giant bobbin, with a wooden body having a 
diameter of live in(;hes. 

Warping Machines. The beaming machine 
[7] is used in preference to the old warping miW, 
of which the principal feature is a skeleton wheel 
or recil of u[) to 20 yards in ciicu inference. The 
rrel is mounted upon its axis vertically, and in 
use the threads • are drawn from the stand or 
creel through tho eyes of a hech or guide which 
directs the placing of the threads and coils them 
spirally around the circumference. The length 
is measured by the number of turns given to tho 
mill, tho threads are counted and are grouped 
together for convenience by lease threads. 
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The warp-Mling machine drKwS yarn from thd 
c^I, ' and winds the parallel threads into a ball 
around a central tube. It docs on a large scale the 
same kind of balling as is done on crochet cotton 
for retail sale, or upon twine. Warps are balled 
chiefly for ease in transit, or for dyeing or dressing, 
and have to be wound upon a beam before they can 
be used on a loom. 

Complications are introduced when warps con- 
taining threads of different colours have to be made, 
and, varying with the cireiinistanccs, one machine 
becomes more profitable to use than another. 
Section warping imchnus beam or ball threads of 
one colour together, or in the allotted order, to make 
coloured strijies, the yarn, being warped in sections, 
side by side upon a beam divided by flanges, 
('oloured and striped warjis require dresaingy and are 
carried over a simple beam and opened out by 
r«#ors. The warp <lrcsser counts the threads and 
passes the ends through the dents or openings of a 
wire reed, removing irn]ierfections and seeing that 
the colours aie in tho order (lesired. 

Sixlng Waras. Warps which have not been 
doubled need to be aized in order to withstand the 
teflsion and chafing that have to be undergone in the 
loom. A distinction is diawn between such sizing 
as is done solely to facilitate weaving, and that done 
for the purpose of increasing the weight of the oloth 
to a material extent. 

Tho former is calletl 
pare, or light sizing, 
and it involves 
simply the use of 
agglutinants like 
corn starch or flour 
IMwte. By heavy 
sizing, warps can bf) 
loaded even to 100 
or 150 per cent., and 
the process is a con- 
siderable art. An 
immense trade is 
clone in Lancashire in 
heavily sized goods, 
and about half of all 
tho grey cotton 



goods sent to tho Far and Near Fast arc of this class. 
Beyond tho increase of weight, differences of feel and 
appearance are created by the skilful use of sj/e, 
some mixings adding to tho softness or hardness, 
and some to tho lustre. 

The morality of sizing, at one time furiously 
dis})uted, scarcely comes into question in these days, 
when even savages know how to tell whether a 
fabric has been loaded heavily in tho course ot 
manufacture. Weight may bo addo<l, and external 
appoaraiicos be radically altered in finishing woven 
cloth, but for tho present only warp-sizing, ot 
tape sizing, as it is often called, is* in point. 

Sice Mixtures. It will bo undersiKiod that tho 
strength of a pure size varies with tho degree of 
dilution. A mixture, which when used weak only 
ser\os to strengthen and bind tho fibres of the yam, 
may 1^ made to add appreciably to tho weight by 
using it in a stiff paste. It does npt follow that the 
course is tho best one to pursue when' an increase of 
weight is wanted, because the starches are not heavy 
in relation to their bulic. Variety of result is 
obtained in light sizing by using one fohu of starch 
in place of another, but in heavy sizing the vegetable 
matter is used principally to cause a mineral tb 
jadhere,. .Wheat flour, maize starch, rice starch, 
potato starch, sago, Trish moss and dextrin, or 
British gain«jsip among the ingredients employed. 

mo 


Large use is aUdumda orgom^^ragasol, 'a“ product 
of the kernel of locust beems, valued for tehac^y. 
The mineral material mostly used to add weight ia . 
china clay, the potteris raw material. Sulphate of 
baryta, much used in surfacing paper, lenda a 
harsher feeling, but gives more weight,' to the oloth ; 
French chalk, although less heavy than ^ther, lends 
a veiy slippery handle the cloth. 

Silicate of magnesia, Epsom salts, and Glauber's 
salts are the mineral substances chiefly uSed on 
bleached and coloured yarns. To these materials 
when fulness of handle is wanted, addition is made 
of some fat or oil. CJoconut oil, paraffin wax, 
castor or olive oil are all usetl in sizing compositions, 
but tallow is tho lubricant most often employed. 
Dry sizing compositions tend to rub off more readily 
than those which retain a little moisture. In order 
to keep tho composition slightly moist, deliquescent 
salts are added, chiefly chlorides of magncsinin and 
calcium, with or without glycerine. However, it is 
in the nature of pa.ste8 to go sour and to mould or 
mildew, and the effect of adding hygroscopic salts 
is to heighten the risk of trouble from this source, 
(’otton goods are often kept in stock for long periods 
in hot and moist climates, and to counteract the 
tendency to mildew, antiseptics are introduced. 
The preservative mainly employed is zinc chloride, 
which is without odour, and does not stain tho 

goods, although it 
may provoke trouble 
for oleaehers who 
have to handle tho 
cloth later. 

Preparation 
of Sixe Mix« 
tures. The ingre- 
dients are mixecl in 
tlifferent proportions, 
ac*cording*to the pro- 
portion of weight to 
ne added, and tho 
exact character of 
the finish desin*d. 
Heavy sizing is an 
art, and tho expert 
Utpfr is the be<«t 
paid workman in a weaving mill. There are 
an infinitude of shades of hardness and softness, 
and differ(*nc(»s arise in these respects from the 
longer or shorter time that tho mixing has been 
boiled. An apparatus like a ban el-churn, with 
inside dashers, is us(*d to emulsify gums which mix, 
but do not dissolve in water. Tho more readily 
mixablc ingredients are mixed in op^n hecks or 
tanks. Wheaten flour is steeped or fermented 
before use, and simple starch, or starch and tallow 
mixtures, are made by boiling together the ingre- 
dients, For heavy sizing, the becks are arranged in 
a .series usually of three, and fitted with mechanical 
agitators or dashers. The first is the steeping beck, 
in which several sackfuls of flour are left with water 
and zinc ohlorido for two or throe weeks. The 
second tank is filled By nurnp from the first, and in 
this the flour paste is difi^d. The third or mixing 
tank is that in which a boiled mixture of minerals, 
fats, and water is jdobred into the boiled, and 
ailiitod flour paste. The savoral ingredients are all 
boiled together, and their specific gravity isf road in 
Twaddeli hydrometer degrees. ^ 

The strex^hs of sizes are spoken of in percentages, 
as 25 per c^t., 50 per cent., or 100 per cent., these 
being the proportioiuin which they are to increase' 
tho weight of the warp. Only lighF sizes are used 
on goods needing to be dy^ and finished after 
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weaving, the medium and heavy mixings being 
lesorveil for goods to bo sold grey. A certain loss 
of the added weight occurs in weaving, but to 
diminish this, and to prevent dust, means arc taken 
to humidify the air in the sheds in which most 
cotton goods are woven. 

How Yarn is Sized. The size is applied to 
the yarn generally by the slasher sizing machine [ 6 ], 
which is fod with warps from the beam warper, and 
is often arranged to rcicoivo six or eight of those back 
beams at once f2J. Yarn is drawn from two or more 
beams, according to the number of ends of warp 



4 . op:neual sequence op weaving machines 


required to make the cloth, and these ends are 
gathered together and led through the sowc box^ or 
vessel containing the hot sizing mixture, where thoj^ 
are submerged by passing urnhir a roller. On 
leaving the box, the yarn passes through .squeezing 
rollers which .servo the double purpose of removing 
the excess of size, and .squeezing the size well into 
the thread. U’lm warp travels forward round the 
surface of large steam -heated co])]ier cylinders upon 
which the yarn is dried. On leaving tliese, the yarn 
is cooled in a fan-chamber, and, after passing 
through a nyraith^ov comb, to separate the ends one 
from another, it is wound uj)on the weaving beam 
which is later placed in the loom. 

Marking the Warp, In course of its passage 
out of the sla.shing machine the warp is measured by 
the rotations of a roller. 'Phe shaft of this roller is 
in gear with wheels and with a cam which governs 
the action c/f a striker rail surmounting a roller 
charged with moist colour. In accordance with the 
manner in which the mechani.sm has been set, thi.s 
rail deseonds and pres.sos the warp against the 
coloured surface, making a cat mark at measured 
intervals. These marks are for the information of 
the weaver, and they serve to indicate where a 
heading of coloured yarn, to mark the end of one 
piccct is to he woven in. Articles like loin-cloths may 
need headings at intervals of three or four yards, but 
ordinarily the cuts are much more distant. It is 
not economical to make short warjis, and it is 
customary to make them long enough to weave 
several ])ieees, or cats. 

Other imiehines are employed instead of the 
slasher, which is the most advantageous in point of 
cost, although not in perfection of results. In the 
dresser machine^ a type that has been superseded for 
all purposes except the sizing of the very finest 
yarns, the ends of warp are separated one from 
another by passing betwtH'n the interstices of rcoda, 
i\nd they are dried by the action of heated air. 
Ball sizing is done not so much by manufacturers 
Vs by dyers. Ball warps are taken and uncoiled, 
and, after being opened flat and well impregnated 
with size, are dried upon the cylinders of a separate 
machine and re-wound into balls or on to a beam. 

Yam can be sized also in the form of hanks, and 
the usual method is to allow the hanks to absorb 


size by running them in and out of the liquor, and 
then by twisting the hanks between hooks, to wring 
out the surplus and equalise the supply. To prevent 
the sticking together of adjoining threads, the hanks 
are next stretched over rollers and mechanically 
shaken and brushed. After this has been done, 
the yarn is in readiness to be wound upon bobbins 
and into warp. 

Treatment of Weft Yarn. Weft yarn is not 
sized, and is wanted in as supple a form as may bo. 
It has already been said that weft is usually delivered 
from the spinner in a condition ready for the shuttle. 
Dyed wefts and some others require, however, to be 
re-wound, and the machines preferred are those that 
make a firm and compact core of yarn. There is a 
time ]o.ss in refilling shuttles, and a slight loss also 
of yarn, so that economy is consulted in using long 
lengths in the shuttle rather than short ones. 

Healding. When the warp has boon sized, 
marked, and beamed, only one «)peration remains 
before weaving begins. The threads have to bo 
drawn -in [3], or in other words threaded, individually 
through the eyes or mails of the healds or harne.ss 
u.Hod to control the movement of the warp threads 
in the loom, and also through the dents of the 
loom reed. The healds are made either of cord or 
wire, and their number, whi(>h is in no case less 
than two, varies with the pattern to be woven, 
Kvery warp thread in due sotpicnce has to bo drawn 
through one or more of thc.s(» the ends are 

generally led in couples through the openings in the 
reed. The operation is tedious in the extreme. I'he 
number of threads to be dealt with varies according 
tp the width aiid fimuu^ss of the cloth, but upon an 
average? is ])rol>ably 2500. The process is shortened 
when the new warp can be twisted in, or joined to 
the ends of an old warp. The? threads of the old 
and the new warp are twisted, not tied, together, 
and this method is followed wlnm the number of 
threads and the arrangenuuit of healds is alike, ami 
when the thrums or ends of the old warp have been 
left undistiirbiid in the healds after weaving. The 
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process of putting new warps into the loom is 
expensive, and much is added to the cost of weaving 
if only short warps can be put into the loom. 

Within the last few years the engineer has succeeded 
in accomplishing the work of healding by machine 



Warp^tylfU; Machines* Warp4ying machines 
nvo now 8ucc€>sfifully ftyirork. They are costly, and 
useful mainly to own|||i of 4arge plants, but they 
save labour. The machines tio together the ends 
of a new warp to those of the old one. The warps 
are spread in parallel sheets and secured, the old 
warp at a higher level than thenewone. Needles 
upon the machine select the threads in their proper 
order, tio them together by making a knot upon 
each one, and automatically cut off the loose ends. 
The typo of machine made for use with plants of .a 
thousand looms ties about 10,000 knots an hour, 
and needs only the attention of a man and a boy. 
A smaller apparatus for sheds of 600 to 700 looms 
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woven,* for in dry air the crust or size is brittle, 
and the action of weaving produces an imwholc.souie 
dust, as well as an avoidable loss of weight. 
The weather records show how much the natural 
humidity of the atmosphere varies from day to 
day,’ ana unless Nature is assisted, weaving is bound 
to bo more difficult on some days than others. 
The breaking of threads is, of course, bad for the 
cloth, and the reduced production arising from 
stoppages lowers both profits and wages. 

Legal Requirements Regarding 
Atmosphere. Wet, steamy air is unhealthy 
for weavers, and for a quarter of a century the 
j)ermi.s.«iblo limit of moisture has been regulated by 
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liy (Miurtosy of Atherton Bros., Hrestou 


deals with the warp by .sections, tics some 6000 
ends an hour, and is operated by one man. 

The Importance of a Moist Atmos* 
phere in Weaving, The description of 
machines in use in the cotton trade has been carried 
now from the bale to the entry into the loom. As the 
account has necessarily been complicated by the 
enumeration of al- 
ternative courses, 
a diagram [ 4 ] is 
given of the se- 
quence of ma- 
chines ordinarily 
used in manu- 
facturing plain 
cotton piece 
goods. The 
loom is left for 
further considera- 
tion, and atten- 
tion may bo paid 
in this place to an 
important auxili- 
ary in the cquip- 
nit'nt of a weaving 
shod. The chemist 
— William Thom- 

> II — showed 
many years ago 
that* moisture has a great influence upon the 
strength of cotton throail. The addition of moi.s- 
ture increases the strength a little, and it was found 
that on adding about 8J per cent, of moisture, the 
breaking .strain improved some 5 lb. It is the 
subtraction of normal moisture which tells mo.Ht 
V'Upon the strength, and the experiments showed 
that when a sample was deprived of. 6 per cent. 
* ci moisture the breaking strain was lowered 24 lb. 

It is well, therefore, to secure a sufficiently moist 
' atmosphere for weaving, and about half the cotton 
; weaving sheds in this county are fitted with some 
! moans of artihoial humidification. Moisture is 
doubly necessary where heavy-sized warps are 


law. The amount of water that air will carry 
without fc'ciing moist is a matter of teiniicrature. 
A proportion that, makes the atinos})hcr(5 ini.sty 
at freezing point moans uncomfortably dry air in a 
room heated to 60 degrees. The quantity is a 
relative one, and the regulations require that 
hygrometers, or wot and dry bulb thermometers, 

to record the re- 
lative humidity 
[see page 1 27 1 J, 
shall bo hung in 
ev(^^y humidified 
weaving room, and 
that the reading 
shall be registered 
on an official form 
three limes a day. 

Humidification 
is intimately con- 
nected with venti- 
lation, and the law 
lays down rules as 
to the proportion 
of carbonic gas 
that may bo pre- 
.seiit in humidified 
rooms. The moans 
of obtaining an 
equable supply 
of moisture vary from sprinkling the floor with 
water, blowing steivm into the room, or drawing 
in fresh air through wot sheets, up to more 
.scientific installations. In a system widely em- 
ployed the air is drawn by a centrifugal blower 
down a trunk or pipe where it is warmed by steam 
coils, moistened by passing through a chamber of 
escaping steam, and finally distributed over the 
building through zinc gauze. Turbo- humidifiers for 
dispersing water at high pressure in the form of 
fine drops are used, and some attempt.^ have been 
made at localising humidification by moistening the 
warp during weaving, by a water spray on the loom. 

J. A. HUNTER 

1903 



7 . WARP BEAMING MACHINE 
By courtesy of II. Bannerniaii Sons, Ltcl., Manchester 


FIRE-FORMED AND SEDIMENTARY ROCKS 



17 . A SILL OF DOLERITB, AN IGNEOUS ROCK, CUTTING ACROSS EDGES OF SEDIMENTARY ROCKS 





GROUP 19-ASTRONOMY & GEOLOGY • THE HISTORY OF THE WORLDS-CHAPTER 15 

Classification of Rocks. The Two Great Divisions: Igneous 
^or Crystalline, and Sedimentary or Stratified Rocks. 

THE STUDY OF ROCKS 


W E made acquaintance in the last chapter 
with the chief minerals of which the rocks 
of the earth’s crust arc composed. We have 
now closely to study those rocks themselves. 
They are divided into three main classes : 
igneous, sedimentary, and metamorphic rocks. 

What is a RocK 7 In the first 
the sttident must disabuse his mind of the 
ideas commonly attached to the word rock. 
Ordinary language associates the idea of hard- 
ness with a rock. Geology takes no account of 
such a qualification. If the student looks back 
to the definition of a rock given in the lajst 
chapter he w'ill see that it applies to all the 
tyx)es of matter which are to be found naturally 
existing in the crust of the earth. The bed of 
pebbles left on the convex side of a river bend, 
the great masses of loose sand which compose 
the sea-beach or the desert of the Sahara, th<; 
lumps of coal in the domestic scuttle, the clay 
and loam in our garden beds, the stone flags of 
the street pavements, the precipitous granite 
cliffs of Cornwall and the chalky heights of 
Beachy Head, arc all eriually rocks in the 
geological sense of the word. 

There is not even any scientific distinction 
between a mineral and a rock. Calcium carbonat e 
is a mineral if we consider a single crystal of 
Iceland spar, a rock if we go to (Carrara and look 
at the gigantic masses of marble of which the 
hills are there composed. Salt is a mineral in our 
salt-cellars, a rock when we think of the great 
beds of rock-salt which underlie parts of Cheshire. 
But, as a rule, a rock is composed of niore than 
one mineral, and the study of mineralogy is thus 
a necesaaiy preliminary to that wider branch of 
geology which deals with the rocks of which 
the earth’s crust is variously built up. 

. How Rocks are Studied. Bocks differ 
so widely in character that at firs^t sight it 
might seem hopeless to devise any method 
of dassifimtion whic’i should include them all 
under any moderate number of hetuls. The 
beginner sees little in common between scni- 
sand and a piece of flint, the columnar basalts 
of Staffa and the clay of a ‘newly ploughed 
field, the tailor’s French chalk and the coal in the 
grate. Yet to the geologist these rocks, like n-ll 
otiicrs, present well-marked points of distinction 
and similarity, according to which they can ‘be 
arranged in a very small number of classes. 

The geologist is guided by various considera- 
tions. First comes the structure of a rock 
under examination, as visible to the naked eye 
(macroscopic), or to the eye aided by lenses 
(microscopic). Then the chemical compositum 
has ‘ to be investigated. ’ Laistly comes the 
majtmen in whieh the rochimases .afe arranged 
in Nature. ,A11 the§e ways of looking at rocks 


afford a clue to their classification, and throw 
light upon the liistory of the earth. 

The Geologist’s Tools. The geologist 
in the field, armed with such tools as he can 
conveniently carry, aims chiefly at studying 
the macroscopic characters of the rocks witli 
wKich he meets. These'tools include a geological 
hammer, with its head prolonged into a 
chisel edge at the back, used for chopping off 
fragments of rocks, and go finding out what their 
internal appearance is— this often differs con- 
siderably from the appearance of the outside, 
which has been exposed to all atmospheric 
changes and has weathered into a modified forrfi. 
To this hammer, the geologist’s chief instrument, 
ho adds a pocket-lens, a knife with a hard steel 
blade for scratching rocks, a rmujnel, and a vial 
of dilute acid — usually hydrochloric acid or 
spirits of salt (HCl). With these instruments 
he can generally make a rough guess at the 
nature of any rock which he is likely to "meet, 
and can collect specimens for the more 
detailed analysis of the laboratory. In addition, 
he carries a map of the district which he is 
examining, on the largest convenient scale — 
the Ordnance Survey sheets, one inch and six 
inches to the mile, are the best for this country. 
With the aid of a pocket compass and a 
clinometer [69, page 710], or instrument for 
measuring slopes, ho can orient himself in, the 
field and calculate the dip, or angle, at? which tlie 
beds of rock are inclined to the level surface. 
We shall sec later pn bow, these latter instru- 
ments are used ; they belong to the wider study 
of gcc^ectonics, or the fashion in which the crust 
is built up of the rocks which we have first to 
question of their individual structure. i 
Classification of. Rocks. The system 
of classification of rocks now universally adopted 
depends upon a natural distinction between the 
ways in which the tw’o main classes of rocks 
came into existence. This has been worked, out 
by the labour of se^veral generations of patient 
students of the rocks, both in small specimens 
and in the great masses of Nature. Wo can but 
give here the briefest sketch of the conolusidns 
which were thus reached. . , 

Crystalline and * Non « Crystalline 
Rocks. If the student has access to||^y 
small collection of rock specimens, he ”will 
speedily notice one great distinction between 
them. Some -of them show a distinct crystal- 
line structure— that is, they consist of well- 
marked crystals of ^all sorts and sizes^ held 
together by a more or less abund^dit cement 
or paste. Ordinaiy granite i [20] affords 'am 
admirable example. Other rocks^ again,-. have 
no suQh structure,, but consist of non-crystal- 
line particles held together by a cejnent,. or 
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packed so closely a.s to adhere by their own 
cohesion. Sandstone, flint, and conglomerate 
or pudding-stone alTord good instance's. Some- 
times the crystals of which a rock is composed 
are so liny that they can only bo recognised by a 
microscope. But it is generally safe to say that 
any given specimen of rock is either crystalline 
or noil-crystalline, and this distinction affords us 
the first possibilty of classification. 

Stratified and Unstratified Rocks. 
The second ]>rinciple of rock classification 
must be studied in the field. If the student 
will visit a quarry or railway cutting, where 
ho can see below the normal surface of the 
ground, he will soon notice a well-marked 
tliffercnco between various kinds of rocks. 
Some rocks are always arranged in distinct 
layers or bods parallel to one another — though 
not necessarily parallel to the surface of the 
ground — ^which are known as dnila. These 
iqay be compared to the bricks in the work of 
a house. These strata [19] may be seen in a 
chalk pit, or where the railw ay runs through 
banks of sandstone, or on the seashore in the 
face of the cliffs along the greater part of the 
South Coast. But they will be vainly sought in 
a granite or marble quarry, or w'here the sea 
breaks, as in Cornwall or North-east Scotland, 
against precipices of living granite. The existence 
or non-existence of these layers in a rock affords 
another basis of classification into stratified 
and unstratified rocks. 

Fossiliferous and Non- Fossil iferous 
Rocks. The third line on w^hich we may 
draw our classification is that of the presence or 
absence of organic relics or fossils in a rock. 
Some rocks, like chalk and coal, are composed 

1966 


almost entirely of such organic remains, though 
they may, as in chalk, be only visible through 
a microscope, or, as in ooal, bo so thoroughly 
altered that their organic nature is only evident 
in exceptional cases. It is on the skeletons and 
bones, shells and teeth [22], and other hard 
portions of the anatomy of extinct animals 
thus preserved in the heart of the rocks that 
we depend for nearly all our knowledge of the 
history of life upon the earth. We shall see 
later how they came there. Just now it is 
enough to observe that it is only in certain 
kinds of rock that these fossils are over found, 
and so wo may make a third distinction between 
fossiliferous and non-fossiliferous rocks. 

Now% if w^e study all the rock specimens that 
w^o can obtain in the light of these throe different 
principles, a very curious and interesting fact 
emerges from obscurity. The three methods of 
classification all lead to the same result. With 
certain e.xceptions, wdiich have led to the estab- 
lishment of a third intermediate class, we find 
that a rock which is crystalline is also un- 
stratified, and contains no fossils or relics of 
organic life. 

A stratified rock is almost always non- 
crystalline, though there are exceptions to 
this rule, W'hich we shall encounter later, and 
wo may expect to find organic remains in it, 
though it must be understood that by no means 
all stratified rocks are fossiliferous. Lastly, if 
we find a tiny s]>ecimen of rock wdiich contains 
a fossil. Ave may predict almost with certainty, 
that the rock from Avhich it came is non- 
crystalline in structure, and arranged in layers or 
strata. Thus, wo have now arrived at tAvo great 
main classes into Avhich rocks may be divided : 

1. Crystalline, unstratified, non-fossiliferous. 

2. Non-crystalline, stratified, fos.siliferous. 

Igneous Rocks. The names usually given 

to (he.se families are derived from a consideration 
of the manner in Avhich (hey w'oro formed. This 
is not difficult, even for the beginner, to perceive. 
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Crystals are formed when a body which has been 
molten or dissolved solidifies. Consequently 
wo say at once that the first class, or ciystalline 
rocks, must once have been molten, because the 
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only pof'Sible solvent (water) has little or no 
action upon them. Those rocks, in fact, are all 
the product of soincthini^ akin to we now 
know in a degenerate form as \olcanie action ; 
they must have been poured forth from the 
earth's interior in a liquid form, «ind have 
solidified in the place where we nou find them. 
This al^o explains why they are not arranged 
in strata, any more than pig-iron or the slag 
of the blast furnace, and why they contain 
no relics of organic life. These 
rocks, then, are usualljr called 
ignems, as having their origin 
m fire, or eruptive. We shall use 
the jiQrmer term [12J. 

Sedimentary ^ IVocKs. 

The stratified rocks must have 
been produced in a different 
fashion We can see how it 
was if we take a slab of sand- 
stone. with its distinct beds or 
la^^ors, ard compare it wdtli the 
^and ot the sea-shore. The 
only way in which sand c'an be 
arranged in regular strata is 
by the action of water. The 
winds and tides churn it up tm 
it‘ floats for a w^hile, then, it gradually settles 
down and is deposit^ as w layer or stratum on 
the ocean bed [21]. Another layer is deposited on 
that, and then another, till the first layers have 
sunk so far that the pressure of the sand and 
! the ocean above consolidates them into a soft 
^ kind of rock. Meantime, the living creatures in 
t^ sea have been dying and sinking down into 


the soft sand, where their perishable part decays 
and the hard jiart is left, to reappear as a fossil 
in the sandstone of a future age. Wherever there 
is a piece of water that is sometimes compara- 
tively quiet, this action must go on. As stratified 
rocks all originate from hardenixl sediments, 
they are usually called sedimentarg [17]. 

* Metamorphic Rocks. There is a third 
class of rocks, which is duo to the fact that 
the original formations have been altered by 
various agencies. Sedimentary 
locks 'may have been baked or 
even melted by later heat, like 
* marble, w'hich is merely lime- 
stone crystallisetl in solidifying 
under pressure. Igneous rocks 
may have obtained a falsely 
stratified structure, in conse- 
lienee of pressure. Thus we 
find many rocks, the Gneiss^ 
and Schists being the best ex- 
amples, which seem to form a 
class intermediate between Jthe 
other two. These are called 
metmnorpliic rocks, because they 
have b^n metamorphosed or 
changed from their original na- 
ture. The igneous rooks are the oldest. Thesedi- 

mentanr rocks were formed from them by their 
gradual attrition to dust by natural processes 
of weathering, and the new manufacture of this 
dust into sedimentaiy rocks by water. Thus the 
ign^us rocks are also called primitive, and the 
sedimentary and metamorphic rocks secondary 
or derivative. W. R GARRETT FISHER 
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Waterflow and Discharge. Measuring Velocity of Flowing 
Water. Effect of Friction upon Velocity and Discharge* Weirs. 

UTILISATION OF RUNNINO WATER 


Discharge through Orifices. On page 
1436 it was §tated that the pressure of a lic^uid 
against a surface acts always perpendicularly 
to that surface. So that in 116, if a hole were 
made in the sieje of the vessel at A, Die contained 
liquid would issue therefrom at right angles, 
the parabolic curve which it forms being due 
to the action of gravity on the particles of 
the liquid after leaving the orifice. The height, 
BA, of the surface of wati;r aboye the 
centre of the orifice is termed the head, and it 
is self-evident that increase of head means 
increase of [iressure at the oritieo, and consequent 
increase in the discharge. Now, whenever a 
liquid is discharged from an opening in a thin 
plate, as in the illustration, the issuing stream 
becomes contracted just outside the orifice, 
forming at this point what is known as the 
vena contrarta, or contracted vein. 11 s position, 
indicated by the arrow, lies always at- a distance 
from the opening equal to half the diameter of 
the orifice, and its area is *04 times (approxi- 
mately ?{) that of the orifice. Hence the qiifiniiiy 
*64 is termed the coefficient of contraction. 
Theoretically, the velocity with which the water 
would be discharged at A is equal to the velocity 
of a body falling, under the influence of gravity, 
from B to A — that is, through a distance equal 
to the head, H, of the water — and this velodty 
is shown by the familiar formula, V == V2gH, 
where V - velocity in feet per second, g -- the 
acceleration due to gravity, or 32*2, and II — the 
head. By substituting the value of j/, the 
formula may be simplified ; 

V=. 32*2“x H-v. n/04*4 X H - 803 ^ slU. 

The theoretical velocity may thus be found with 
sufficient accuracy by multiplying the square 
root of the head of depth of water by 8. Con- 
versely, the theoretical head necessary for a 
given velocity is got by putting H on the 
left-hand side of the equation ; 

VH = g- or H = 

Friction Lessens Velocity. As the 

italics in the preceding lines suggest, a jet 
of water issuing from an orifice does not possess 
the velocity which theory is prepared to give it. 
As soon as the particles of water in the interior 
of a vessel approach the orifice, they converge as 
indicated in 116. This convergence and the 
subsequent contraction, which reaches its limit 
in the vena contracta, give rise to considerable 
friction between the j^articles, and so neither the 
actual velocity nor discharge equals the 
theoretical total. Hence the value of V in the 
above equations has to be diminished by multi- 

S ing it by certain decimal quantities (co- 
cients of discharge), according to the shape 


of the orifice. In discharges through a hole 
in a thin plate, as in the diagram [116], the 
coefficient of velocity is *97, so that the corrected 
equation becomes 

V = 8 X -97 VH. 

Velocity and Discharge. So, too, with 
the discharge. Theoretically, this would be 
the product of the theoretical velocity in feet 
per secoiul and of the area of the orifice in 
8(1 uare feet. Actually, the discharge is much 
less, for the velocity must be multiplied by the 
coefficient ‘OT/and the area of orifice by *64. 
Therefore, if A the area of orifice in square 
feet, Q the number of cubic feet of water dis- 
charged per second, 

Q ' "04 X A X *97 X theor. vel. 

— *04 X A X *97 v/2(/H 

“Ax *62 X 

This quantity *62, the product of t he coefficients 
of contraction and velocity, is called the coefficient 
nf discharge. 

Substituting the value of g, 

Q *62 X A X n/ 2 X 32“xH, 

*02 X A X 8 X x/fr, 

— 4*9G X A X \/H. 

So that for all practical purposes the 
formula for calculating the actual discharge 
through a circular orifice in a thin plate becomes 
Q rr: 5 X A X s/H. 

I*artly to bridge over this considerabh? gulf 
between actual and theoretical discharge, 
experiments have been carried out with 
variously shaped orifices, and the result has been 
to make the actual more nearly approach the 
theoretical discharge. It is found, for example, 
that if the opening be in the form of a short 
tube [0, in 116], the length of which is two and a 
half to three times its diameter, the flow is 
greatly increased, and the coefficient of dis- 
charge is about *81. Hence, 

Q = *81 X A X 8 X n/H, 

== 6*48 X A X n/H. 

If the walls of the vessel or reservoir be thick 
[A, 117], so that the ratio between the length 
and diameter of the opening mentioned above 
holds good, the discharge is the same as with a 
short tube. But if the opening or short tube 
j)rojects into the interior of the vessel the flow 
is less, the coefficient being about *70. , .On Hhe 
other hand, if thq opening or tube be shaped as 
at B in 117, the discharge . barely falls short of 
the theoretical amount, the coefficient being 
as high as *96 with only a moderate head. 

C and D [118J are other forms of orifices 
with coefficients of discharge of over *90, and 
these in various guises are the forms used for 
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,the outlets of tanks. If the length of the opening 
be less than twice its diameter, oontraotion takes 
plaoe as at A [116], and the discharge is lessened. 
If the tube be lengthened beyond four times 
its diameter, the discharge is also decreased, so 
that with a tube whose length is equal to 
six times the diameter, the coefficient of 
discharge is *76 ; 30 timers the diameter, *66 ; 
70 times, *56 ; 100 times, *48 ; in which case the 
openings come under the head of pipes. 

Flow of Water in Pipes. Thus, in 
long pipes the actual discharge falls very 
considerably below the theoretical, so that to 
attain a given velocity or discharge a much 
greater head is required than would be expected. 
The total head is used up in three ways — in over- 
coming frictional resistance to flow within the 
pipe, in overcoming the resistance at the entrance 
of the pipe, and in maintaining the velocity of 
the water. In long pipes, the loss of head due 
to friction is so great in proportion that velocity 
and entry heads are neglected. 'J'he friction 
head may bo calculated by Wcisbach’s formula : 

Friction head -- ( *0144 + / ^ 

\ V vel. Ill ft. per sec./ 

lengtli in ft. vel.^ in ft. per sec. 

^ diam. in ft. ^ ()4‘4 

The entry and velocity heads together never 
exceed a foot, save in short pipes. 

Yet another loss of head in pipes is that due 
to bends necessitated by a change in direction. 
If the bend be not very sharp and be in form an 
arc of a circle [119] (as opposed to a knee, elbow, 
or angular bend), the additional head required 
is not veiy great ; it may bo calculated from 
the following formula : 

H -131+ 1-847 (^) 

in which H is the additional head in feet, r [119] 
the radius of the boro of the pipe in feet, R 
the radius of the centre line of the bend in feet, 
0, the central angle (at A) in degrees, V the 
velocity in feet per second. To maintain the 
velocity which a straight piiJo would have given, 
this additional head, consumed in passing the 
bend, must be added to the previously calcu- 
lated total head. 

The Piezometer. The great loss of energy 
shown by gradually diminished pressure in a 
line of pipes is strikingly shown by an instrument 
called a piezometer (Gr. piezoy 1 press ; meiroriy 
a measure), or pressure -measurer. The principle 
on which it acts is shown in 120. If a hole be 
pierced in the vessel at F, a jet of water immedi- 
ately springs u^iwards, reaching a certain height 
before it falls. Theoretically, as was stated in 
the early part of this article, it loaves the vessel 
at F with the same velocity which it would 
have acquired in falling through the distance H, 
and hence the jet should roach the level of 
the water in the vessel before falling. It fails 
to attain this iieight, partly because of the 
retarding influence of the atmosphere, and 
partly because it is hindered bv the falling 
particles of water. It folbws, therefore, that 
u an open tube were inserted at any point in 


a main, water would rise in the tube to a height 
equal to the head for the pressure at that point. 
The piezometer is a tube adapted to this par- 
ticular purpose. In addition to its use in 
gauging pressure at any point, it is of great value 
in locating obstructions. If at any point water 
fails to rise in the piezometer to the height it 
should, it is known that the obstruction lies 
between the instrument and the head, but if 
the height registered be greater than it should, 
the obstruction lies in the opposite direction. 
By repeated experiment it is Anally located. 

Piezometers in Series. A series of 
piezometers applied to a long main, as in 121, 
would reveal a steadily diminishing pressui*e, 
as shown by the successive decrease in the 
heights of the columns a, h, c, rf, e. A line, a:-y, 
joining these levels, is termed the hydraulic 
mean gradient, or hydraulic grade line. A little 
consideration will show that such a h'ne in a 
scale diagram reveals a good deal of useful 
information, showing, as it does, the loss due 
to friction or othef causes from point to ijoint. 
In pipes of uniform bore throughout, the 
gradient becomes a straight line, as in the 
diagram, from x to ;//, and as long as they lie 
below this line it does not matter whether, in 
following the contour of the ground, the pipes 
slope up or down. The two pipes A and B in 
122 will discharge equal quantities of water 
with the same velocity, because they are equal 
in long! h and boro, and have Ijie same head, H ; 

it might be thought th*at because B is 
inclined upwards water would rise in it ^ith 
loss velocity than it descends A. Where frictional 
or other resistances occur abruptly, as wlien the 
pipes are of different diameters, the hydraulic 
grade lino is not straight, as in 121, for t;ach 
pipe would have its own gradient. 

Principle of the Syphon. Before leaving 
the question of the flow of water through 
pipes, it will be of interest to refer to the prin- 
ciple of the syphon, a principle the application 
of which is of practical value in the drainage 
of accumulations of water to lower levels, when 
the pipes have to rise to a higher level than that 
of the surface of the water. A pipe, or, for 
experimental purposes, a jiiece of glass tubing, 
is bent as in 123. The tube is filled with water, 
and both openings are closed until the end A 
is plactnl in the liquid ; or A may be placed 
below the surface and suction applied at the 
opening B, until the contained air is with- 
drawn and both legs are filled with water. 
A stream of water then commences to flow 
through the syphon up the short leg. AC, 
and down and out of the longer leg, CB. 
Now, the pressure of the atmosphere on 
the surface of the water in the right-hand 
tank or reservoir is the same as that on the left 
hand, and these equal pressures may be con- 
sidered as being transmitted upwards through 
the legs of the tube, tending to force the water 
in AC down CB, and vice versd,. These air 
pressures, then, are equal, but the pressures at 
the ends of the tube due to the vertical head 
of water are unequal. Thus, in the longer 
leg, CB, the water has a head, H, as compared 
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with a head, K in the shorter leg. There is, 
therefore, a difference of pressure, H — and 
consequently a flow commences through the 
syphon ; for, as the water descends the long 
arm, a vacuum would bo produced at C did 
not the water in the reservoir rise through A 
to fill its placio (owing to the atmospheric 
pressure on the water surface). A continuous 
flow thus sets in until H— A ; that is, the heads 
become equal, and the surfaces in the two 
yessels reach the same level, or the upper 
reservoir is* drained. 

Limitations of the Syphon* It has 

|ust been stated that the water rises to 0 (to 
- fill the space left by the descending stream) 
because of the pressure of the atmosphere. 
Therefore, it follows that the syphon will 
cease working when the point . C is higher ^ 


WATEEFLOW OVER A WEIR 


116-128. THE HYHROSTATICS OF RUNNING WATER 

shorter leg. There is, than 34 ft. above the water level, for the pres- 

►f pressure, H — and sure of the atmosphere is unable to support 

►mmeiices through the a column of water of greater height. As a 

iter descends the long matter of fact, it should 1^ less, for in practice 

be produced at C did it is found that in drainage on the syphon 

jservoir rise through A principle the highest point reached by the 

g to the atmospheric pipes must never even attain 30 ft. above the 

urface). A continuous surface of the water drained. 


Measuring the Velocity of a Stream* 

It is sometimes required to measure the velocity 
of the water in a stream for engineering purposei^* 
and this is a matter of greater difliculty than, 
would be imagined. It is clear that in the case 
of a stream, as in orifices, pipes, etc., 

VoL=s mean velocity x qrogs-sectional area. 

-v<flume 

Mean vdooily = 





But the great difficulty lies in estimating the 
mean ydocity, for the rate of flow varies in all 
parts of the stream. Velocity is greatest in 
the middle of a stream, and a little below the 
surface, at a distance equal to about a third 
of the total depth. In shallow streams this 
point is found nearer to, and in very deep 
streams farther from, the surface. Velocity 
decreases as the banks are neared, while on 
the bed of the stream it falls to the minimum. 
How, then, shall the mean velocity be ascer- 
tained ? As a result of long and careful ex- 
periments, it has been found that the mean 
velocity of a stream is approximately 84 per cent, 
of the maximum velocity found at or near the 
surface in the centre part of the stream, while 
the bottom velocity varies between 50 and 
75 per cent, of the mean. The following is, 
then, a ready means of roughly reckoning the 
average velocity of a stR^am. Choose a portion 
of the watercourse where the velocity is fairly 
uniform, and measure off a certain distance — 
say, 00-150 ft. On a day when it is not windy 
a small float of wood is ])laced in the centre of 
the stream, and the time it takes in floating 
along the marked course is carefully noted ; or a 
corked bottle is often preferred. If, for instance, 
it travelled 72 ft in 18 seconds, its velocity 
would be 72/18 — 4 ft. per second. Then, 
84 per cent, of this maximum surface velocity 
equals 4 x *84 ^ 3-56 ft. x)er second = mean 
velocity of the stream. 

A More Exact Method, For greater 
exactness, and for finding the cross-sectional 
area, a stream is divided into sections, 1, 2, 3, 
4, 5, 6 [124], by means of upright poles. A, 
B, C, D, E, placed at equal distances apart. 
Tlie depth of each portion is then taken (midway 
between each pair of poles), and the average 
depth thus found ; this, multiplied by the width, 
gives the area of the cross-section. To obtain 
the average velocity of the whole, each section is 
dealt with separately, its mean velocity in feet 
per second being ascertained by a long float 
weighted at the bottom, so that it swims vertically, 
or nearly so. When each section has been thus 
dealt with, the average velocity for the whole 
of the section, multiplied by the area of the 
cross-section in square feet, gives the volume 
or discharge in cubic feet per second. 

Weirs. The methods of calculating the 
flow of water just described apply only to large 
rivers or canals ; in the case of a small stream 
t! c (piantity of water available for water-wheels 
or other purposes is best calculated by means of 
a weir. In 126, B is a. thin plate in which is a 
gauge notch over which the water falls. Knowing 
the length of this notch and the head of water, 
the quantity of water flowing over the W'eir 
may be found. The length of the notch may 
be easily measured, b^f* Ibe hetul is not so 
easily determined. The head is really the 
distance from the ^int C (called the crest) to tlie 
horizontal line BE, which marks the surface 
level of the stream betore the velocity of ap- 
proach produces a sloping surface and a lowering 
of the level. In the diagram, H represents the 
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theoretical head, and at this i)oint the water 
would be still and the surface horizontal. In 
practice, however, the head is often measured 
only a few feejb from the w'eir. This is done by 
means of an instrument called a hotyk gauye 
[A, 126], which consists of a round rod sliding 
up and down in a tube fixed to a support. At 
the bottom of the rod is a sharp-pointed wire, 
in shape like a fish-hook. The tube bears a 
vernier and the rod a scale, so that very minute 
fractions of an inch can be measured. The hook 
is first low'ered well below the surface, and then 
very gradually raised until its point produces 
a slight prominence as the surface water flows 
over it. The head is then estimated from the 
reading of the scale. Another method in which 
a rule is employed is illustrated in the next article. 

Calculating Flow Over a Weir. Having 
determined the head of water and length of 
weir, the discharge is found from the formula 

Q - min >j2gnr 

Q is the discharge in cubic feet per second ; I the 
length of weir in feet ; H the heail in feet ; 
g the acceleration of gravity ; m a coefficient 
which varies with the head, but may be taken 
approximately as *41. Another formula gives 
the discharge as 

Q = 3 33 (j - n Hi 

Here, n is the number of “ end contractions ” 
of tlie weir. End contraction in a stream occurs 
when the weir is not the full width of the 
channel. Thus, in 126, with a weir shaped as at 
A, the stream lines will take the direction as 
shown in the plan at B, so that the actual length 
of the overflow, C D, is loss than the length ot 
the weir 1. In 128 there are, therefore, two end 
contractions ; in 127 only one. In 128, where the 
weir is the width of the channel, there is no 
end contraction. Each contra(;tion thus lessens 
the effective length of the weir to such an extent 
that , 1,5 of the head, H, must be deducted from 
the length, /, for each end contraction. In 
cases such os that in 128 it is evident that 
n = 0, and the formula would then be : 

Q = 3 -33 m 'i 

OP, Q = 3-33iHN/H- 

Difficulty of Avoiding Errors* Yet, 
after the most painstaking observations and 
the nicest mathematical calculation, the final 
result is often nothing more than an approxi- 
mation to the actual discharge. Disregarded, 
apparent trifles may involve big errors. Thus, 
a thick crest increases the amount of friction, 
and so gives a less discharge than a thin plate. 
A rounded crest allow^s a greater discharge 
than a sharp-edged one. Convergence of the 
banks towards the weir has a similar effect, 
while the slope of the weir itself aids or hinders 
the discharge, according to whether it be in- 
clined dowai-stream or up-stream. All these, and 
perhaps other unsuspect^ disturbing influences, 
combine to render calculated discharges, heads, 
etc., further from the truth than the student 
would expect. J. G. HORNER 
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Spanlsb: Yerb» Posittofl of Pronouns, Telling tbe Time. 
French: Tbe^umerals. German: Tbe Attributive Adjective. 


{ SPANISH 

Future Indicative. The future indicative 
of regular verbs is formed by adding to the 
infinitive of each conjugation the terminations 
c, as, d, emoSf eis, an. 

Future Indicative of Coynprar 
Singular Plural 

comprar-if I shall buy comprar-etnos, we shall buy 
comprar-ds comprar-eis 

comprar-d comprar-dn 

Similarly : 

Second Conjugation : beber-e, heber-ds, etc., I 
shall drink. 

Third Conjugation : cumplir^i, cumplir-dst etc., 

1 shall fulfil. 

The future indicative of ser and estar, being 
regular, is formed in the same way. — ser-e, 
ser-da, etc., I shall be ; estar-e, estar-ds, etc., 1 
shall be. 

Haber and tener form their future by affixing 
the above terminations to habr- and lendr -. — 
habr-e, hahr-ds, etc., 1 shall have ; tendr-e^ 
tendr-dSf etc., I shall have. 

Exercise XXII 

to hand over entregar receipt reclbo 

to cancel cancelar account cuenta 

to import iynporiar tool herraynienta 

to see ver traveller viajante 

to ship eynharcar time tiempo 

to build construir cattle gatiado 

to issue eynitir Government (Jobierno 

to mature veneer road carretera 

to translate truducir bridge puente 

to learn aprender one thousand yml 

share o/ccidn December Diciembre 

documents, documentos then, inioncea 
United States, Estados Unidos 
railway company, compania de ferrocarriles 
bill (of exchange), letra (de camblo) 
next month, el ynes que viene (lit. the month 
which is coming) 

1. He will hand over the receipts, 2. They 
will not cancel their account until the spring. 

3. Will you import all the tools from the United 
States ? 4. We shall not see the traveller this 
year. 6. Our agents will ship the cattle as soon 
as possible. 6. The Government will build new 
bridges and roads. 7. The railway company 
will issue one thousand shares. 8. Will you be 
there very early ? 9. The bill will mature in 
December. 10. Who will translate those German 
documents ? 11. I shall have more time next 

month. 12. Then I shall have learnt (the) 
Spanish. 

Accusative and Dative of Personal • 
Pronouns. The dative and accusative cases of 
personal pronouns [see page 778] have two forms, 
one of which is never preceded by a preposition, 
and the other always. Both forms are sometimes 
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used in . the same sentence (1) to increase the 
emphasis of the direct or indirect object of the 
verb, or (2) to avoid ambiguitv when the pro- 
nouns happen to be the same for both genders, 
as 18 the case with the third person. Tlje single 
form must always be used ; the form with d 
can only bo employed in connection with the 
other, but never by itself. These forms are : 

Dative Accusative 

mo, to me tne, d tni yne, d mi 

thee, to thee te, d H te, d ii 

him, to him /c, d el le, lo, d el 

her, to her le, d ella la, d ella 

us, to us nos, d nosotros nos, d nosotros 

you, to you os, d vosotros os, d vosotros 

them, to them les, d ellos, loa, d ellos 

them, to them les, d ellas la% d ellos 

Personal Pronouns in other Cases. 
The other cases of the declension of personal 
pronouns are formed by the words mi, ti, 
ella, yiosotros, as. vosotros, as, ellos, ellas, preceded 
by the corresponding prepositions as in English. — 
de yni, from me ; contra ellos. against them. 

With me,” ” with thee ” are always translated 
by conmigo, coyiiigo ; and “ with him,” “ with 
hfT ” are sometimes rendered by consigo. 

Rules for the Use and Position of Pro* 
nouns. The pronouns me, te, le, to, la, nos, os, 
les, los, las, called Conjunctive Personal Pro- 
nouns, are usually placed in front of the verb 
whose object they are . — go lo envidio, I envy 
him. 

The pronouns corresponding to the polite 
forms, Vd, Vds, are those of the third person, 
the masculine or feminine forms being used 
according to the sex and number of the person 
or persons addressed . — yo le he hablado d Vd, 

1 liave spoken to you; el las ha visto d Vds, 
he has seen you (fern. pi.). A Vd, d Vds must 
always be added after the verb for the sake of 
clearness. As all Spanish nouns are either 
masculine or feminine, the pronoun “ it ” and its 
plural “ them ” must bo rendered by the words 
corresponding to ” him,” ” her,” ” them,” 
according to the gender and number of the 
substantive they stand for . — yo lo tengo, I 
have it; ella las compraba, she used to buy 
them (fern.). 

When two pronouns occur in a sentence as 
direct and indirect objects of the same verb, the 
indirect (dative) is invariably placed in front ot 
the direct (accusative), and both precede the verb, 
—el me lo da, he gives it to me. 

When both pronouns belong to the third 
person, se is used instead of the dative le, ies, for 
the sake of euphony . se lo he enviado, I 
have sent it to him. 
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The word “ it,” meaning “ that,” is invariably 
translated by lo, — yo $e lo he explicado, I have 
explained it to him. 

When d el, d ella, etc., are used in order to 
make the meaning of a sentence quite clear, 
these words are generally placed after the verb. 
— se lo henioa pagado d ella, we have paid it to her. 

In negative sentences personal pronouns an? 
placed between the negative and the verb. — yo 
no ha veo ahora, 1 do not see them now. 

When one or two pronouns are used in con- 
nection with an infinite or present participle, 
they form one word with the verb, to which they 
are affixed without altering the stress. — ■ 
escrihirles, to write to them ; ofreciendomelo, 
offering it to me. Although the pronouns may 
also bo affixed to other tenses, this construction 
is only met with in literature, never in ordinary 
conversation. — prestdbaaelo con frecuencia, ho 
used to lend it to them often. 

Exercise XXIII 

to bring tmer to explain explicar 

to know aaher to work ifahajat 

to send etwiar news noticias 

to chock comprobar for para 

to wish desear everyday todoahsdiaa 

to give dar wherefrom? f^dedonde?. 

to lend prestar mother madre 

to speak * haldar policeman poliem 

to keep guardar at once enaeguida 

every other day, cada dos dias 

1. We have no news from him. 2. Is that 
letter for me ? 3. He had it (f,). 4. Why 

have you not brought them ? 5. She did not 

know it. <). When will you send us the 
account ? 7. I shall ship them at once. 8. 

The manager is writing to him, not to them*. 
9. Will the Government build it? 10. They 
used to chock them (f.) every other day. 11. 
We wish to see him. 12. Where do you import 
them from ? 13. You used to give it to her, 

but not to him. 14. Who has lent it to you ? 

15. Her mother will not see her next month. 

16. We were .speaking to them. 17. Was it you 
who used to hand them over to them every day ? 
18. Will they keep the shares or will they sell 
them? 19. His friend used to work with me. 
20. It will be easier to translate it here. 21. 
The policeman was explaining it to me. 

Telling the Time. The hours of the day are 
expressed by placing the feminine article la in 
front of the word unn for “ one o’clock,” and las 
in fixmt of the cardinal numbers corresponding 
to ^ho other hours. Una, and not uno, is used, 
because the omitted word kora is feminine, but 
none of the other cardinal numbers have gender. 
— las ocho, eight o’clock. In sentences ex- 
pressing time, it is,” it was,” “ it will be,” 
and so on are invariably rendered by es, era, 
aerd, and so on in front of la una, and son, eran, 
serdn, and so on, before any of the other hours. 

“ Past ” is invariably translated by y (and), 
and “ to ” by menoa (less). — la^ aeia nienoa 
cuarto, a quarter to six ; laa doce y cmrto, a 
quarter past twelve ; las dos y media, half-past 
two ; laa tre^ menos diez, ten ininutos to throe. 


The cardinal numbers up to twelve are 
given on page 516. 

Exercise XXIV 

13. irece, 14, catorce. 15, quince. 16, dieciseis. 


17, diecisiete. 18, dieciocho. 

20, veinte. 

19, diecinueve, 

quarter 

cuarto 

half 

media 

minute 

mimiio 

fast 

mlelantado 

slow 

atraaado 

always 

aiempre 

sharp 

en punto 

to end 

acabar 

week 

sernana 

to tell 

decir 

watch 

reloj 

performance funcion 

the time 

la hora 

day 

dia 

can you ? 

IpuedeV? soon after pocodeapma 


with pleasure, con mucho gusto 
what time is it ? ^que hora es ? 
the station clock, el iretoj de la estacidn 


1. Eivo o’clock. 2. Ten o’clock. 3. A quarter 
to two 4. Half past one. 5. It was five minutes 
to eleven. 6. It will be then three o’clock. 
7. Sixteen minutes to ton. 8. What time is it ? 
9. It is four o’clock. 10. My watch is five 
minutes fast. 11. The station clock is always 
slow. 12.' I shall bo there at ten o’clock sharp. 
1 3. A we('k has seven days, and a year twelve 
mouths. 14. Is it one o’clock already ? 15. Not 
yet. 16. At what time is dinner ? 17. Soon 

after seven. 18. At what lime will the })er- 
forrnance end ? 19, At eight o’clock sharp. 

20. Can you tell me the time ? 21. With 

pleasure ; it is ten to ten. 

.Reading Exercise 

El hormoso v^allo del Guadalquivir, quo corre 
entre dos sierras, estd cubierto de naranjalos y 
olivares. Varies arroyos transparentes cruzan la 
llanada y dostunbocan en el rio. ( ’ada uno de cstos 
arroyuelos tuvo en otro tiempo su puentc ; pero 
apenas si ahora qticda uno de cada veinte. 
Durante dos dias viajamos a lo largo del rio. 
La com area quo 6ste riega es muy rica y bella ; 
las llan\iras i‘stan surcadas por ringlas do olivos 
y ostentan aldeas y castillos a lo largo de las 
riberas ; las colinas nortenas aparecon cubic rtas 
de bosques iimbrios y todas las eminoncias 
lejaiias, hacia el sur, verdeantes de trigales. En 
id Garpio hay un mblino morisco, con tres 
enormes aspas qiie elevan el agua a gran altura. 
El paisaje contiguo es muy agradablo. En 
Andujar, dejamos la carretcra romana y el rio, 
irozos de los cuales descubnamos, sin embargo, 
de cuando cn cuando, di^sde las alturas, y 
entramos en Sierra Morena, cadena de montanas 
que separa a Castilla de Andalucia, hecha tan 
famosa por las guerras de moros y cristianos, 
coiuo ix)r Cervantes que en ella puso la escena 
de las aventuras mas divenldas do su h^roe. 

A key to the above reading exercise appeam 
in the next chapter. 

JKey to Exercise XVIII 

1. iDo qui6n es estc sombrero? 2. Mio. 

3. i Ha vendido V. sus g4noros 6 los mios ? 

4. No he vendido ni los suyos ni los de V. 

5. i Es su casa (de V.) m4s cara que la nuestra ? 

6. No 86, pero la nuestra es carisima. 7. Sus 
temas son los mds cortos pero son dificilisimos. 
iComo son los de V. ? 8. Los mfos son mds 
fdciles quo los suyos. 9. No es amigo mio. 
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10. Una frase suya. 11. Son feiicisimos. 12. 
Afirmaa^que eaaa ecmivocaoiones no son miyas. 

Kby to Exebcisb XIX 

1. Cambiaba todos sue billetes en el correo. 
2, Escondia la Have. 3. Alquilaba un autom6yil 
todas las matianas. 4. Administraban la hacienda 
mientras el duono estaba ausente. 5. Los 
soldados estaban luchando en la cumbre de la 
montafia. 6. La antigua casa gastaba mucho 
dinero en anuncios. 7. No estaba en casa ese 
dia. 8. Habia estado nevando toda la mailana. 

Kky to Exercise XX 

1. Comia con mis amigos inglescs. 2. Su 
caballo corria m4s quo el mfo. 3. Ella haola mi 


trab^o cuando yo estaba en ol ContineD|& 
4. i Era V. el que llamaba 4 la puerta ? ^ 
i Quidn encendia el fuego en su cuarto (de Y.^ ? 
6. Vendian A precios m4s bajos. 7. Cosia mucho 
ouando era jdven. 8^ Leiamos cuando Uovia. 
Kby to Exercise XXI 
1. Esoribiamos casi todas sue cartas. 2. Los 
soldados dormian cn el oampamento. 3. Abria 
todas las vontanas, 4. Distribuian las ganancias 
entre los aocionistas. 5. Viviamos ceroa del rio. 

6. i Qui6n era el tenedor de libros entonces ? 

7. No tenian agentes en Paris. 8. Venia muy 
temprano. 9. El profesor corregia bus temas. 
10. Recibiamos el correo al amanecer. 


FRENCH By Louis A. Barb6, B.A. j 


NUMERALS-«ontinued 

IV. — Collective and Approximative 
Numerals 

By tho addition of aine to certain cardinal 
numbers, numerals are formed that bometimes 
indicate a collection, sometimes an approxima- 
tion. 

1. I/uit, huitame. Huitaine is chiefly used 
os “ a week,” in expressions of “ time how 
long,” as; J'ai passe une huitaine de jours d 
Parisy 1 spent a week (or, about a week) in 
Paris ; remeUre d huitaine t to postpone for a 
week. As a measure of time, ” a week ” is 
une semaine : The year has 52 weeks, Vannee a 
cinquurUe-deux semaines. 

2. Neuf, neumine. Neuvaine is used only in 
an ecclesiastical sense in the Catholic Church, and 
means a novona — i.c., nine days’ devotions. 

3. DiXi dimine (x changed into 2 ). Dizaine 
is used approximately, “ about ten,” except 
in numeration: les unites et les dizames, units 
and tens ; une dimine de francs^ about 10 francs. 

4. Dome, doumine {e omitted). Duumine is 
used both collectively and approximatively ; 
Trots douminea d^fpufa, three dozen eggs ; il 
n*y a gulre qu^une doumine de persfmnes, there 
are hardly more thaxi a dozen people. 

5. Quinze, quihmine, Quinz/aine is used for 
a ” fortnight,’* in tho s&me way as huitaine for 
a “ week.” It is also approximative ; Une 
quinmine de francs, about 15 francs. 

6. Vingtaine (20), trentaine (30), quarantaine 
(40), cinquantaine (50), soixantaine (60), centaine 
(100), are used approximatively ; Une vingtaine 
de lignes, about 20 lines ; *une centaine de pages, 
about 100 pages. 

7. MiUe has tho collective and approximative 
form millier : Des miltiers de francs, thousands 
of francs. 

8. Multiplicative numerals are : une fois, 
deux fois, irois fois, etc., once, tmee, three 
times, etc., 

V. — Time 

The hour of the day is expressed as follows: 
Une heure, one o’clock. 

Une heure cinq, five minutes past one. 

Une heure et quart 
Une heure un quart 
Une heure et un quart 
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Une heure et demie, half -past one. 

Deux heures moins vingt^cinq, 25 minutes to 
two. 

Une heure trois quarts 
Deux heures moins un quart 
i)eux heures moins le quart 
Midi et demi, half past twelve (noon). 

M innit et demi, half past twelve (night). 

The expressions, “ a.m.” and “ p.m.” are 
rendered by du ^matin, du soir : de dir heures du 
matin d dix heures du soir, from 10 a.m. to 
10 p.m. 

VI. — Dimension 

Dimension may be expressed either attribut- 
ively (without a verb), or predicatively (with a 
verb). 

To express dimension attributively there are 
three constructions : 

1. In the first ♦ho noun is followed by an 
• adjective of dimension agreeing with it in 

gender and number, then by de, and lastly by 
the numeral and noun of measure ; Un mvr 
haut de ftnis mHres, a wall three metres high. 
The other adjectives used in this way are ; 
long, long ; large, broad ; profond, ' deep ; 
epais, thick, 

2. In the second the noun is followed by de, 
wdth the numeral and noun of measure, and then 
by another de with an invariable adjective of 
dimension: Une table de deux m^res de long, 
a table two metres long. 

This construction is not used with profond ! 
or epais, 

3. In the third, the last word, instead of 
being an invariable adjective, is a noun of 
dimen -iion: longueur, largeur, hauteur, pro- 
fbndeur, epaisseur, diamHre, circonference ; Un 
fosse de deux mdtrea de profondeur, a ditch two 
metres deep. 

To express dimension predicatively either 
itre or avoir may be used. 

1. With etre the verb is followed by an 
adjective agreeing in gender and number with^ 
the subject of the verb, and theqi>by de with the ^ 
numeral and noun of measure ; Cette saUe est 
longue de cinq mHres, this room is five metrea ' 
long. 

2. With avoir there are two constructions. ; 
In the first the verb is followed by; the numend ' 


1 a quarter 
j past on^ 


a quarter 
to two. 





Umi noun of measure, and then by de with a 
noun of dimension : Ce mur a dix mUrea de 
longueur, this wall is ten metres long. 

In the second the last word is an invari« 
able adjective of dimension : Cette maiaon a 
uinze mUrea de haul, this house is 15 metres 

3. Another construction may also be used, 
corresponding to the English, as : A height of 
ten feet, une hauteur de dix pieda ; this wall has 
a thickness of six inches, ce mur a une epaiaaeur 
de six ponces. 

De is used in French, though not in English, 
after the verb “to be ” in the measurement 
of any number or quantity : The population is 
7,500, la population eat de aept mille cinq centa ; 
the distance is ten miles, la distance eat de dix 
millea. 

4. Square measure is expressed by moans of 
the proposition sur : Une plains de six millea 
de long aur six de large, a plain six miles long 
by six broad. 

Sur is also used with numbers, in the sense 
of “ out of ” ; Nous awns eu deux beaux fours 
aur dix, wo have had two fine days out of ten. 

VII. — Numerals with “ En ” 

When in a sentence a numeral is used without 
the noun to which it refers, that noun being 
understood, the pronoun en must be used. 
Its place is immediately before the verb : You 
have fifteen francs, I have only ten, Vous avez 
quinze francs, je n'en ai que dix. 

VIII. — Numerals with “A” 

1. In English, when “ place whore ” is 
indicated in terms of distance, the pnq^osition 
“ at ” is omitted. In French the preposition 
d must be used : 

Versailles eat d vingt-trois kilomUres de Paris, 
Versailles is twenty-throe kilometres from Paris ; 
II demeure d dix millea de Londres, ho lives ten 
miles from London. 

2. Between the same numeral repeated, d is 
used to express combination, or union : 

Tla marchent deux d deux, they walk two by 
two. 

3. In scoring, at certain games, d is used after 
s numeral to express » quality ; 

Quinze d. Fifteen all ! 

IX. — Numerals with •• De ” 

1. De is used instead of que, for “ than ” 
before numerals, when no real comparison is 
expressed : 

Voua avez plus de dix fautea. You have more 
than 10 mistakes. 

2. After a numeral (with a noun expressed 
or understood), “ more than,” “ less than,” are 
rendered by de plus, de moins : 

. J'ai deux fautea de moina que vous, I have two 
mistakes less than you ; Voua avez cinq franca 
de plus que nous, you have five francs more than 
we. 

3. Those two uses of de may be combined : 

II a plus de cinq centa volumes de plus que 

wma, he has more than 600 volumes more than 
you. 
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4. In comparison de indicates the measure 
of excess or of inferiority ; 

Plva dgi de dix ana, older by ten years. 

6. When the substantive to which a numeral 
refers is represented by the pronoun en, placed 
before the verb, the adjective that follows 
the numeral must have de before it : 

Sur mille habitants, il n^y en a paa dix de 
riches, out of a thousand inhabitants, there 
are not 10 rich. 

Exercise XIII. 

1. We have spent about a fortnight in Xx>ndon. 

2. I have bought (achete), half a pound of 
butter and half a dozen eggs. 

3. In ninety-seven there are nine tens and 
seven units. 

4. Tliere are about a hundred pages in the 
copy-book (cahier). 

5. What time is it ? It is ten minutes past 
four ; in five minutes it will be (sera), a quarter 
past four, and in twenty minutes it will be 
half-past four. 

6. This street is half a mile long and fifty feet 
broad. 

7. Our house is more than forty feet high. 

8. This table is two metres long by one metre 
seventy-five centimetres broad. 

9. You have throe mistakes (fautea, /.) ; I 
have only one. 

10. Dover (Douires), is about (environ) 
twenty-one miles from Calais. 

11. The Straits of Dover (le Pas de Calais), 
are more than twenty miles broad. 

12. You have earned igagne), more than fifty 
francs more than we. 

Key to Kxeiutse X. (taoe 1570) 

1. T1 n’y a pas de grandes maisons dans 
CO village. 

2. Ck^s grands arbres sont des chenes. 

3. Ces enfants sont les fils de cet avocat. 

4. (^etto maison-ci est plus vieille qiio cette 
maison-la. 

5. Cot enfant est r61(^ve le plus applique de la 
classe. 

6. Avez-vous parle ^ ce monsieur et 4 ces 
dames ? 

7. Pouiquoi avez-vous mis mos livres sur 
cette table ? 

8. Votro frdre a achete ces chevaux. 

9. Ce petit garyon et cette petite fille sont 
trds aimables. 

10. Jo n’ai pas encore lu ces joumaux. 

11. Quand ces enfants sont sages leur m4re 
est heureuso. 

12. Nos p.irrent8 sont nos meilleurs amis. 

13. Cette demoiselle a les cheveux noirs et 
les youx bleiis. 

14. Le garyon parle 4 sa m4re et sa soeur 
parle 4 son p5re. 

Key to Exercise XL (page 1677) 

Uhistoire naturelle 6tudie les plantes, les 
min6raux et les animaux. Les plantes ou 
les v6getaux composent le r4gne vegetal. Les 
plantes sont semees sur la terre comme les 
^iles dans les cieux. Les min^raux sont des 
corps dans Tint^rieur de la terre. Les m^taux 
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lonicles mini^raux. Dans Thistoirs natuMte 
ies Anim AiiT line vari6t^ intinie d'dtres vivants 
poBsent devant nos yeux. Les esp^cea d*ani* 
naux sent plus nombreuses que les osp^ces de 
;»lantes. Les animaux les plus utiles aux 
uommes sent les animaux domestinues. Parmi 
les animaux domestiques il y a les chevaux, 
les Anes, les bceufs, les vaches, les brebis et les 
iih^vres.* Les chevaux sont iiers et fougueux, 
tnais ils sont aussi dociles que courageux. Les 
shevaux sont plus Elegants que les &nes et 
que les bceufs. Lcurs oreilles sont molns 
longues que les oreilles des 4nes. Elies ne sont 
f>as si courtes que les oreilles des boeufs. II y a 
ies chevaux sauvages. Ils sont plus forts, 
plus lagers, plus nerveux que les chevaux 
jomestiques, mais ils sont moins utiles. Les 
Ines sont bons, sobres et utiles. Ils sont aussi 
patients ct aussi tranquilles que les chevaux sont 
iers, ardents et irnpetueux. Les chions sont 
kussi des animaux domestiques. II y a des 
ihiens sauvages, mais ils sont f6rocos. Ils 
ont aussi f^roces que les loups et que les chacals. 
Lies ch^vres ne sont pas si utiles aux hommes 
jue les brebis, mais elles sont tr^s utiles. Leur 
poil est plus rude que la laine des brebis. Elies 
iont plus fortes, plus leg^res, plus agiles que 
es brebis. Elles sont vuves, robustes, oapri- 
ueuses et vagabondes. Parmi les animaux 
taiivages les lions et les tigres sont les plus 
'eroces et les plus cruels. Les renards sont 
tauvages aussi, mais ils no sont pas si f^roces que 
es tigres. Ils sont moins f^Tocos que les 
‘hacals. Les li6vres sont sauvages, mais ils 
le sont pas nuisibles. Ils sont oxtr6mement 
imides. Les 6curouils aussi sont de petite 
tnimaux fort timides. Ils sqnt tr^s jolis et 
/rds int^rossants. Ils mangent des fruits, des 
kmandes, des noisettes et des glands. 11 n’y 
i pas d’^ureuils dans les champs. Ils sont 
Ians les bois, sur les arbres comme les oiseaux. 
Key to Exercise XII. (page 1712) 

1. Trois, cinq, sept, onze, douze, quinze, 
iix-neuf, vingt et un, vingt-deux, trento, trente 
5t un, quarante-quatre, cinquante-cinq, cin- 


quante*hait| soixapto-netif; soiX att| | |^ 

dix, soixante et onze, quatre- vingt quat" 
^ngt-neof, quatre-vingt-onze, quatre-vingt-dix* 
neuf, cent, deux cent dix, trois cent cinquante, 
sept cent quatre-vingt-neuf, neuf cent onze, neuf 
cent quatre«vingt>dix-n6uf, mil deux cent 
trente- quat re. 

2. Premier, deuxi^me, second, quatri^me, 
cinqui^me, neuvi^me, vingtidme, vingt et 
unidme, trente-deuxidme, quarante-ciqqui^me, 
cinquante et unidme, soixante-sixidme, soixante- 
dixidme, soixante et onzi^me, quatre-vingti^me, 
quatre - vingt - uni^me, quatre - vingt • neuvidme, 
quatre - vingt - dixi^me, quatre - vingt - onzidme, 
quatre- vingt -dix- neuvi^me, cent i^me. 

3. Un et un font deux, et deux font quatre, 
et quatre font huit, et huit font seize, et seize 
font trente-deux, et trente-deux font soixante- 
quatre, et soixante- quatre font cent vingt-huit. 

4. Deux fois un font deux ; trois fois deux 
font six ; quatre fois six font vingt-quatro ; cinq 
fois vingt- quatre font cent vingt. 

5. La minute contient soixante secondes. 

6. La seconde est la soixanti^me partie d’une 
minute. 

7. La lumi^re emploie huit minutes treize 
secondes k venir du soleil. 

8. Dans une heure il y a soixante minutes. 

9. Le jour est un espace de vmgt- quatre 
heures. 

10. Do minuit k midi il y a douze heures. 

11. L’ann6o est composee de trois cent 
so ixant e-cinq jours et un quart. 

12. La semame a sept jours ; le mois a 
quelquefois trente et un jours, quelquefois 
trente jours et quelquefois vingt-huit seulement. 

13. Lo mois de fevrier, le deuxieme mois de 
I’ann^e, a vingt-huit jours. 

14. L’ann6e commence le premier Janvier ; 
elle fin it 1© trente et un d6cembro. 

15. Lo mois de d^cerabro est le dernier mois 
de Fannie. 

16. La fete de Noel tombo toujours le vingt- 
cinq decembre. 

Continued 
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XXI. The Infinitive Past of the verbs 
is constructed of the participle past of the 
verb and the infinitive present of the auxiliary 
verb ^aben or fcin; for instance: (aufen, tp run 
(with fetn); Icbeii, to praise (with l^aben): gefaufen 

gelcbt ()abni. 

XXII, Weak Substantives have only one 


inflection (-en op -u) in the genitive singularr 
which is retained in all other cases of the singular 
and plural. To this declension in both numbers 
belong only substantives of masculine gender. 
Feminines undergo no alteration in the singular 
[see VI., 2]. and take the inflection only in the 
plural. Some neuters also take the weak inflection 


Table of Weak DBCLkNsioN 


10 . 

8, 1. ber [the] mani 

2. beaSDlenfd^-en, of [the],, 

3. bemaWenfd^-en, to[the]„ 

4. bcnSWenfc^-eit, [the] „ 
PLL tieSWetifd^-en, [the] men| 

2. bctiRenfd^-en, of [the],, 

3. tfnaneAf4»en,io[the]„ 

4. {the] „ 


11. 

ber iBote, the messenger 
be^iBote-n, of the „ 
bem^cte-n,to the „ 
ben^ote-n, the „ 

bieiB«te-n, themessengers 
bevSBote-n, of the 
benS3ctc-it, to the 
bitSdotMt, thQ ,1 


12 . 

bie Stau, the woman 
bergrau, of the „ 
berSfrau, to the „ 
bte^rau, the «, 
bieSrau-m, the women 
berffratt-en, of the „ 
benSran-ett, to the „ 
bie9tatt-ett, the 


18. 

bie &aUi, the fork 
ber^bel, of the „ 
ber^aM, to the „ 
bie C^aBef, the „ 
bie(S^abe(«tt, the 
ber<SlabeI-tf, of the „ 
beti®aM-n, tothe ^ 
the 





tho plural; but having the Inflectiona of 

f strong deolensions in the singular, they 
. be]o3^ to the group of the mixed, declension 

1. Substantives ending in -e, -el, -y, take the 

inflection -n [table above, 11, 13]: \>tx Cotre, the 
lion. a. 2. ted S oiw-u ; tic trefl c c , the sister, pL tie 
(£^»efler-n; tie getet, the pen, pi. tie geter-n; 
etc. All others take -cn, except ter J&err, the 
master, gentleman, which adds -n in the singular 
and -en in the plural: sing. 1. ter <§cvr, 2. bed 
J&etY-tt, 3. tew 4. ten $err-it ; pi L tie 

J&ert-en, 2. ter$evr-eti, 3. ten J&err-en, 4. tteJ&erren. 

2. To the weak declension belong all masculine 
substantives (a) ending in -e, except ter ,ftafe, 
the cheese, which takes the strong declension ; 
(5) those which have dropped this original final 
sound (ter Jpirf[c], the shepherd ; ter 

the rifleman; ter S3urfd^[e], the lad; ter Vll)n[e], 
the ancestor, etc.); (c) representatives of 
nationalities, countries, and towns (ter !!&aier, the 
Bavarian ; ter Un'^ar, the Hungarian ; ter ^Icwmer, 
the Pomeranian ; ter @(^otte, the Scotsman ; ter 
Jlofaf', the Cossack ; . ter Oluffe, the Russian ; ter 
.ft'affer, the Kaffir ; etc. ), if the denotation is not 
derived from nationalities, countries, towns, etc. 
by the suffix -cr (ter (inct(ant-fv, the Englishman ; 
ter 3r(&nt-er, the Irishman; ter iJoitton-er; tet 
S3ev(in-er; ter ^Bicn-er, the Viennese; ter ^c^^treijt-er, 
the Swiss, [<0<^U'eit, Switzerland]; ter $cKdnt-er. 
the Dutchman), all of which take the strong 
declension ; (d) many masculine substan- 
tives of foreign origin ending in -ant, -at, -et, -ent, 
-ftrap^, -if, -ift, -c^, -new, and -c^l) (ter iDiamant', 
the diamond; ter ^ratat', the prelate; ter .ftowet^ 
the comet ; ter patient', the patient ; ter ©eo^rapf/, 
the geographer; ter Jlat()clif', the catholic; ter 
^(fol)oli(l , thcalcoholist: ter (iJeoloft', the geologist ; 
ter 9lflrcncw', the astronomer; ter the 

philosopher). 

3. Most feminine substantives belong to the 

weak declension. All feminines ending in -el 
and -er (except tie SWutter and tie 5lod)ter, which 
are strong and form the plural by modification 
of the vowel: tie SWutter, tie Xed)ter) take the 
weak inflection, whilst the masculines and 
neuters ending in -cl and -ev take the strong 
declensive terminations. Examples: tie .llugel, 
the ball, pi 1. tie Jl'u,^c(-n; ter ^cgel, the bird, 
a. 2. te« pi 1. tie S^o^el; tatf Utcl, the 

evil, a. 2. teeUbel-tf, pi 1. tieUtet; tie Slter, the 
vein, pi 1. tie 9lter-n; ter 9ltler, the eagle, 
a. 2. M Sltler-^, pi 1. tie §it(cr; tatf .fllojler, the 
convent, s. 2. tee ,H(o(lev-fi(, pi 1. tie Jllcjler. 

XXIil. To the Mixed Declension [see 
V.. 1] with strong inflection in the singular and 
weak in the plural belong several masculine and 
nearer substantives (the feminines take no inflec- 
tion in the singular). Sokne of these nouns are : 

(a) The masculines: ter ^evattcr, the god- 
father; ter Sorteer, the laurel; ter ffilueifcl, the 
muscle; ter 9^en>, the nerve; ter $falm, the 
psalm; ter Spern, the spur; ter @(^merj, the 
pain, grief: ter ®ee, the lake; ter <^taat, the 
state; ter ^ta(^c(, the sting; ter (Stral^l, the ray; 

^ ter Untertl^an, the subject; ter better, toe cousin ; 
ter.Sitrat, the ornament; ter Bind, the rent, the 
' tax:eto. ^r ^crti,tbe them, ter flRaft.toe mast. 
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and ter $fau, the peacock, generally take the weak 
plural with the suffix -cn, but may also form the 
{dural by taking the suffix -e: pi 1. tie T>cnt-cn 
(T)i>m-e), tie 3Jlail-eii (SWajl-e), tic 'llfau-eu ('^fau-c). 

(6) The neuters: tad Slmje, the eye; tad 
toe bed ; tad Cf nte, the end ; tad •gemt, the shirt ; 
tad 2cit, the grief ; tad the ear ; tad 
the woe, anguish ; and several nouns of foreign 
origin: tad the insect; tad 'Statut', the 

statute ; tad Suwcl', the jewel . 

(c) Masculines of foreign origin with unstressed 
final syllables ending in -1, -n, -cr. For instance : 
ter .fl'cn'ful, the consul ; ter !i)d'mcn, the demon ; 
ter 3Dcf'tcr; ter ^Prcfef'for, etc.; pi tie .^cn'fwln, 
tie T>dmo'ncn, tie Toflo'ren, tie ^Pvofeffo'ren. Note 
the change of stress where the plural is formed 
by the suffix -en. Substantives of foreign origin 
with the stressed termination -or take the strong 
declension with tbe suffix -e in the plurid 
[XVI., 2, c] without change of stress: ter ^umor', 
too humour ; ter .^orviter' ; tad SWefeor', etc. ; pi. 
tie ^uino're, tic ^orrito're, tie SWefeo're, 

(d) The masculines: ter Sviete (JJvieten), the 
peace, ter Jfmtfe (Sunfeit), the spark, ter Gletan'fe 
(©ctanfen), the thought, ter ©laufce (©lauten), the 
faith, ter »&aufe (^aufen), the heap, ter 91ame, . 
('Jlaweny, the name, ter <Samc ((£amen), toe seed, 
ter (Senate (®cl)aten), the damage, ter SBifle, 
('liMllen), the will are used alternately with both 
terminations, but the first form always takes 
the strong declension of the form in brackets: 
a. 1. ter #amc (or yiamen), 2. ted yiamen-d, 3. tern 
lUatnen, 4. ten 91awen; pi 1, tie lllamcn, etc. 
Another noun with similar irregular declension 
is tad the heart, s. 2. ted §erj-end, 3. tern 
J6>crj-en, 4. tad .^er,^; pi 1. tic ^^erg-en. 

XXIV. Compound Tenses of Verbs 
are formed by the aid of the corresponding 
auxiliary verbs of tense, Ijaten, fein, and loerten. 

1. The perfect is formed by the past participle 
of the verb [see XIV.] and the presenl imperfect 
of its auxiliary verb [see Table A., p. 649], 

2. The pluperfect is formed by the past par- 
ticiple. of the verb [see XIV.] and the present 
imperfect of its auxiliary verb [see Table A., 
p. 649]. 

' Examples: laufen, to run (strong verb con- 
jugated with fein»), past participle: ge-lauf-en, 
[see XIV.]; loten, to praise (weak verb con- 
jugated with f;aben), past participle: ge-fet-t, 
[see XIV.]. , . ' 

Present indicative of fein : ich bin ; sub- 
junctive: id) fei; imperfect indicative: mar; 

subjunctive: i(l^ mare. Present indicative of 
b a be n : teb babe ; subjunctive: icb l^abe ; imperfect 
indicative: subjunctive: t(b b&fl^- 

Indicative. Subjunctive. 

Perfect *: icb b i n ftclaufen,eto. idb f e i gelaufcn, etc. 

idb „ icb fltlobt m 

Pluperfect : m a r gelaufen „ i(b m d r « gdaufeit „ 

icb b^ifte flclobt „ i<b bdtte ^elcbt „ 

* laufen being conjugated with to be in German, 
toe literal translation of the German perfect 
and pluperfect would be; 1 am run, and 1 was 
run. Note this for all other verbs for which 
differing auxiliary verbs are used; (icb bin 
gen^fen, lam [htfve] been; i<b bin gegangen, I am 
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[have] gone, etc. The rest of the conjugation 
is easily completed with the help of Table A., p. 
649, the past participle remaining unaltered. 

3. The first future is formed by the present 
of the auxiliary verb ixurben and the present 
infinitive [IV., 2] of the verb itself. 

4. The second future is formed by the present 
of the auxiliary verb wcvben and the past infi- 
nitive of the verb itself. [Table A. p. 649, and 
XXI.] 

Examples : Present indicative of trerbeu : 
u>erbc ; subjunctive : ic^ ircrbe. Past participles 
of lawfert and lobcti : ^claiifcii and gclott. Pastinfini- 
tivesof laufcit andlobcu : i^elaufcu fciii, Qelnbt l^aben. 

IndACiitivp. Subjunctive, 
First future ; i ^ tt) e r b e Uuifeu ic^ ir c r b e laufett 
id) ir c V b c I obeu i U' e r b e I cben 
Second i(^ v b c ^claufen id) tv e r b c getawfen 

future: ffin fein 

td^ tv e t b e ^clcbt id) tv e r b e ^etcbt 
1) a b e n 1) a b e n 

5. The compound forms of auxiliary verbs 

are formed with the helji of each other. 3[9crben 
is used for the future tenses of all the three : 
icb tvtvbe feitt. l)abeu, tvevbeit, and ic^ tvcvbc Qetvefen 
fein, ftel)abt l)abeii, i^etvoibcu fcin; while in the 
perfect and pluperfect fciti is conjugated with 
itself : id) bin ftetvefeu, and icb tvar ftctveft'U ; 
{)aben also with itself : i(^ l)abe and ic^ 

l)atte i 3 el)abt : and tverbcn with fein : id^ bin 
{^etvorben, and id^ tvar i^etvorbcn. 

6. The past participle of ti^rbcn viz,, 
^etvorben — is only employed where the verb is 
used independently ; when used as an auxiliary 
verb it casts off the prefix vV- and reads : tvctben : 
CSv ifl 33ut:3ftmeijlev v 3 Ctverbett, he has become 
mayor; but: <r tfl pint 'I^ur^ernteijlcr ernannt 
tvorbeu, ho has been mmiinated mayor. 

XXV. The Prepositions [see XV.] which 
govern alternately the dative and the accusative, 
are: an (at, on, upon, by, near) ; auf (on, upon, 
in, at, up) ; 1) i ii t e r (behind, after) ; i n (in, into, 
at); ttcben (by, near, by the side of, beside); 
u b c r (over, alwvo, on, upon, at, about) ; u n t c r 
(under, below, among, between); vor (before, 
ago, since) ; ( ivi f ^ c n ( between, betwixt, among). 

1. The preposition governs the dative if the 
sentence answers the question ivo ? (where ?) ; 
whilst kvvbin ? (whither, where to ?) is answered 
by the accusative: thus the dative implies a 
state of rest, the accusative of motion. 

Examples: JDaiJ '©ud^ lic^t auf (3) bcm Xif d^c, 
the book lies on the table [where? Dative: on 
the table]. Ic^c ba« auf (4) ben Xif(^, 

I put the book on the table [whither ? Accusative : 
on the table]. J)fr .R^dfcc fried^t auf (3) bent 


iCifd^e, the beetle crawls on the table (implying 
that the beetle is crawling about on the table). 
JDer .ta^r frie^t auf (4) ben ^lifd^ (implying the 
act of crawling on to the table). 

2. The dative and accusaiive of the definite 
article of the dependent noun is often contract^ 
with the governing preposition. The dative 
singular, masculine and neuter bem may be 
contracted with the prepositions bet (3), near, 
about, with, at ; v o u (3), from, of ; u , to, at, by; 
bei bem, vvn bem, ju bem, are contracted into 
beim, vom, i(um. 

3 u is also contracted with the dative of the 
feminine definite article b e r : pi ber = gur. 

The preposition buicb" (4), through, by ; um (4), 
around, about, for; and fiir (4), for, are con- 
tracted with the accusative of the neuter definite 
article bad: burd^ bad, um bad, fur bad, 
into burc^d, umd, futd. 

The prepositions a n and i n are contracted with 
the dative singular, masculine, and neuter bem; 
an bem — am, in bem = im. 

The prepositions a n , auf, inter, in, iibet. 
It n ter. vvr, are contracted with the acemative 
singular neuter bad into: and, aiifd, 
ind, iiberd, unterd, vord; and fiber, 

iinter, vor, with the dative and accusative 
masculine bem and ben into: l)intcrm (3), 
l)intcrn (4); iiberm (3), iibeni (4); uiUcrm (3), 
untern (4); verm (3), vovn (4). 

Examples : (f r mar im [in (3) bem] 3immer, ho 
was in the r<^m [where ? dot,]. (iv gin^ ind 
[in (4) bad] 3immcr, he went into the room 
[whither ? acctis.]. 31113 pint [^u ( 3 ) bem] 9lrjte, 
I went to the doctor. 3cl^ tvar beim [bei (3) bem] 
9lrpc, I was at the doctor’s. (?r lief buried 
[burd) (4) bad] Sl^cr unb umd [um (4) bad] 3)orf, 
ho ran through the gate and around the village. 
T^ad tbilb l^an 3 t imterm [untcr (3) bem], uberm 
[fiber (3) bem] 0 pie 3 el, the picture hangs under- 
neath, above, the mirror. (!fr le 3 te ftdb ailfd 
[auf (4) bad], ind [in (4) bad] C^Jrad, he laid [him- 
self] down on (or. in) the grass [on what ? accus.J. 
l$r le 3 te fi(!^ im [in (3) bem] (Mrafe nieber, he lay 
down on the grass [where? dot.]. 

XXVI. The Attributive Adjective [see 
VHI.,a] agrees in gender, number, and case 
with the substantive which it qualifies, and may 
therefore take the weak, the strong, or the 
mixed declension. 

1 . When preceded by the definite article [I., p. 
648] or by a determining noun of corresponding 
flective termination, pronoun, etc., the adjective 
takes the weak declension. 

Example: 311 !, good, declined as attributive 
adjective in : 




bev 3 ut-f abater (m.) 

bie 3 Ut-e ailutter (/.) 

bad 3 ut-e .ftinb (w.) 

Sin^. 

1 . 

•ber 3 Ut-e ^atei* 

bie 3 ut-€ aWuttcr 

‘bad 3 Ut-e .ibinb 

»» 

2 . 

bed 3 Ut-en ^I^aterd 

ber 3 Ut-en SWutter 

bed gut-en Jlinbed 

>* 

3. 

bem 3 ut-en liBater 

ber 3 ut-en SWutter 

bem gut-en Jtinbe 

»* 

4. 

ten 3 ut-ert Plater 

bie 3 ut-e SWutter 

bad gut-e .flub 

PI. 

1 . 

bie 3 ut-en SBater 

bte 3 Ut-en SWiitter 

bie gut-en Jlinber 

»• 

2 . 

ber 3 ut-en 

ber gut-en Shutter 

ber gut-en \finber 


3. 

ben 3 ut-en SBatem 

ben 9 ut-ett SJluttertt 

ben gut-en Jtinbern 

>> 

4. 

bie 3 ut-en Slfiter 

bie gut-en aWutter 

bie gut-en .finber 
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gttt-e Sl^utter (/.) 
Qut-et SRuttev 
fltit-er SKutter 
pt-e SJlutter 


Bing* h 9Ut-et SBotec (m.) 

„ 2. pt-ett* SSaterd 

H pt»em SBater 

i. pt-«n SSatev 
In this declension the adjectives take the 
inflection -e in the nominative singular of all 
ffenders, and in the accusative singular of the 
feminine and neuter genders. 

ib) All other cases take the inflection -en. 

2. The adjective takes the inflections of the 
strong declension when it is not preceded by the 
article or by a determining noun with the inflec- 
tions of the deflnite article [see above and V., 3] 

♦An alternative strong masculine and neuter 
genitive -ciSi .Huibfis) is 

obsolete and only retained in several idiomatic 
expressions, and even in these the modern 
form is piefeiabJe. 

3. The adjective takes the mixed declension 
when preceded by the indefinite article [See V., 4] 
or by a determining noun with correspondmg 
declensive terminations. Thus ; 

Sing, 1. em pt-ft is^atev (m.) 

„ 2. eiiiecJ pt-en 

„ 3. eincm pt-cn ilatcr 

„ 4. cincn qut-en 

In the plural, adjectives take the in- 
fl’ctions of the doelension, if unattended 

[XXVI., 2], or of the weak declension, if atten- 
ded by the definite article or equivalent nouns. 

4. The mfloctjqns m the declension of the 
attributive adjective with the definite, with the 
indefinite, and without article or correspondmg 
noun [see 1, 2, 3], are suiinurtrised below ; 
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pt.f« Jtinti in.) PI 1. pt-e 33luttec, Stxmx 
qut-en^ MinM ♦, 2. pt-ec SB&ter, aJlutter, Jrintet 

quNm ^iiibe „ 3. pt-en Wlutttxn, StxnUxxx 

pt-ed Jtinb ,* 4. pt-e a.Uter, SWiitter, MxrxUx 

etd-en), or one of them is dropped (et[e]l.cm and 
fbf[-[e]m, et[e]f-en and fbd-[fjn, fjeU[e]r-cm and 
heitcr-[f]ttt, t)eit[e]r-en and l^eiter-W n , etc.). 

id) Adjectives ending in -eit (golben, golden), drop 
the e of this termination when the inflections men- 
tioned in (a) are added (ter pft[f]n-e, pll)[f]tt-em , 
plt[e]u-eit, 9clb[c]n-fr, and plt[c]i!-e^). 

(e) Adjectives ending in -ucn retain the e 
in this termination when inflections are added 
(tefcn'nert, considerate ; ber tcfcimcn-c, tefonnen-em) 
(/) \he adjective l)cd» , high, casts off in its 
declension the c of the guttural termination : 
ter ^ol)-e, I)oT).em, l^of)-en, tcfi-cr, f)cl)-ee(. 

Exercise. Add the missing declensive 
inflections to the attributive adjectives ; 

(*^ui qut . . . !^fl)ret (m) lobt emeu fau( . . . 
A good teacher praises not | does not praise! a lazy 

cine qut-c SWiittcr (/.) cm pt-etf .flint (n.) 
emev qiit-eii aJlifltcr cinc«5 pt-en ,flnite0 

emer pt-en SDhittcr cuicm qiil-cn .Unite 

erne pt-e aUiittcv cm qiit-ee< .Hint 

n- e^iiter (m); ter pt. . . 1‘e^rci lebt ten flei^iq. . . 
scludar: the good teacher praises the diligent 
Sdplcr. (Mut . . . l*ct)ier loben tic pt . . . 0cl)u(er. 
pupil Good teachers praise the good pupils, 
(fr war qluiflid) . . einet fdjctx . . . tet^tev 

He was the happy father of beautiful daughter, 
lantibbe war tic befe Wattin ciiifiJ weif . . . SWaimecJ, 
Xantippo was the malicious wife of a wise man 


l 

1 

Masculine 

Singular 

Feminine ' Neuter 

Masculine 

Plural 

Feminine 

Neuter 

" '■ { 
nominative 1 

tei . . -e 
em ..-cr 
. .-cr 

tic ..-c 
cinc ..-c 
. .-c 

tiW . . -c 
fin • . -c^ 

tic ..-cn 

. .-c 

tic . . -cn 

. .-e 

tic . . -cn 

. . -e 

genitive 1 

tcci . . -eii 
fUiCiS . . -cn 
. . -cn 

tci ..-cn M ..-cn 
emer ..-cn j emetf ..-m 
..-a ..-cn 

tci . . -cn 

..-Cl 

ter . . -cn ter . . -c n 

..-cr 1 ..-cr 

3. f 

dative | 

tem . . -cn 
eincm . . -cn 

. .-cm 

til ..-ill 

emer . . -cn 

. .-ei 

tem . . -cn 
emem ..-cn 
. . -cm 

ten . . -cn 

. . -cn 

ten ..-HI 1 ten ..-cn 

. . -eii 1 . . -eii 

4- . J 

accusative t 

ten . . -cn 
cmen . . -cn 
. -cn 

tic ..-C 1 tiU^ ..-c 

cmc . . -c , cm . . -c0 

.,-f 1 ..-Cl? 

tie ..-cn 

. .-c 

tic ..-ill 

. .-f 

tic . . -eit 

...e 


5 (a) The c of the inflections -c, -cm, -eii, -cr, 
tmd -ccf as dropped in adjectives ending in an 
“stressed -t, hke Wf», bad; blfbc, shy, W: 
ntfibe, tired, weary ; lazy ; weiif , wise. These 

add only -ut. -n, -*> ■'* — V «",**** 

®ater, «. 2. »«fe-n 95ahr«, a. 3. »eif(-ni 'Uatfr, 
,.•5. »«(«-« 3Rutfet, «. 1. «inb. 

(6) Adjectives ending iA -ri and -tv (tbd , noble , 
btiter. merry) cast off the e of this termination, 
fOT reasons of euphony, when they take the 
flMtive -t, -et. or -«« (Mt ebMU ®atfr, ebWl-c« 
Jtjnb, W‘ ^rtt[e]r-e 3Jlurt«, ^il[e]t-e< 

' ‘Wh«i inflected with -mt or -tn «the® both 
* e’s are retained (^eiUi-eWr ^eifet-eii, etel-ein. 


We sat in a dark room; 

cr beniitte ten eben . (or cb . . . ) (m) ; wit wanterten 

he used the levt‘1 way [path] ; we walked 
auf tern eben . , . (or eb . . .) ilfleqc ; ter eben . . (or eb . . , ) 
on the level path; the level 
[em eben . . . (or eb . . .)] iffieq iff qut. 9®ir tranfen ten 
(a level) path is good. We drank the 
bitter .. (orbittej ...) Sein (w) ; bitter...(or bitt ...) SBcin 
bitter wine ; bitter wine 

^atcinenfcbtcc^t... ©cfd^macf (m); ter bitter... (or bitt...) 
has a bad taste ; the bitter 
flBeiuivar teller fiebe fauet.. (orfau*. ) SWift^C/.); 
wine was dear ; I like sour milk. 

Continned 
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QRDUP 22-DRCSS AND H0USEKEEP1N6 * THE WOMAN AT HOME-CHAPTER IS 


Some Essentials In Making the Shape. Handling the Wire. 
Bonnet Shapes. Taking Measurements. Covering the Shape. 

WIRE SHAPE MAKING 


W IRE shapes are more used than anything else 
for foundations of hats, toques, and bonnets. 
They are light and can be made in the most 
elaborate of shapes, besides being the only suit- 
able foundation for transparent materials. The 
wire must be nipped without rubbing the thin 
silk filaments of wire, or tlie shape will be' spoilt 
[B6, 57 and 68]. It should be placed between 
the nippers and cut sharply and firmly. To 
smooth or straighten wire it should be rubbed 
round the knee or the rounded leg of a table. 

Edge wire is much the firmest to use for 
headline and edge. It is not so easily procured 
retail as the support wire, which, if necessary, 
may be used for the whole shape. Support wire 
can be had in any colour and shade for trans- 
parent hats and toques, as it is essential' that 
the foundation shape should match the covering 
and trimmings. 

Some points to bo remembered in wire shape- 
making are these : (1) The wire must be lightly 
handled, firmly fixed, and not twisted ; (2) 

each part of the shape should be well defined 
by the position of the wires ; (3) round wires 
are placed underneath the support wires, and 
the two firmly fixed where they cross each other 
with mounting wire or cotton [69 J ; (4) the 

outer edge of either hat, tocjue, or bonnet shape 
must be a continuous wire — if joined or broken, 
the shape is less firm ; (5) leave no great spaces 
between the wires ; (6) avoid breaking the thin 
silk filament of the wire and leave no sharp 
edges ; (7) unnecessary wires only increase the 
weight of the shape. 

Making Hat Shapes. Cut off a piece of 
wire the length of headline, plus 2 in. for 
turnings. Join in a circle, overlapping the 
wire for 2 in., and bind with mounting wire or 
strong (No. 10) cotton [60.4]. Cut off a piece of 
wire the length of the circumference of brim, 
plus 2 in. for turnings. Join in a ring and fix 
as before [60 b]. These are the two principal 
round wires, and are made of the thieW wire, 
called “ edge wire,” Wliero the wires are joined 
is the cew<r€-&acfc of shape. Divide the headline 
wire in half and quarters for hat and toque 
shapes [60 a]. 

Cut off a piece of support wire the size of the 
circunfferonce tip plus 2 in. ; join it in a round, 
and fix as before [69k]. Next cut off the 
support wires. Take the ring of wire in the left 
hand, holding the nippers in the right. Measure 
from the ring and bend at the length of front- 
brim, plus 2 in., with the nippers ; bend again 
^at height of sideband, and again at length of 
tip front to back. Bend downwards the length 
of back of sideband, and again at the length 
of back brim, plus 2 in. [62 and 50, a-b]. 


The 2 in. left at each end is to allow for turning 
over the headline wire [68] and for nipping 
over the edge wire [68b]. 

The side to side wire [69, c-d] and the 
diagonal wires, right side front to left side 
back, are done in tne same way. Then take the 
left side front to right side back [69, e-f and o-h]. 

When the measurements are very varied it 
is better to nip the support wires to the headline 
as they are cut off to prevent their becoming 
mixed. Hold the headline wire with the left 
hand, place the first bend of the centre support 
under the centre part of the headline. Then, 
holding the shape near the headline, bend over the 
support wire and press in place with the nippers. 
It is quite firm enough if turned round once. Do 
not rough the silk filament of the wire. 

Repeat nipping in the same way for the 
centre-back, side, and diagonal support wires. 
Tie all the wires in centre of tip with mounting 
wire or strong cotton [61]. Place the wire 
round the circumference of tip with the join at 
the back under the support wire, and tie wherever 
they cross [69k]. 

Measure again the exact measurement of brim, 
front, back, sides, and diagonals, bending up 
the wire sharply at the measurement. Nip on 
to the (Hige wire (in a shape which has both sides 
alike, the halves and quarters may be marked), 
nipping over the 8up|X)rt wires once right 
round. Press firmly, and cut off any piece left 
quite close [68b]. One, two, or more round 
wires, according to the size of shape, are tied 
to the support wires wherever they cross [69j]. 

Dome-shaped crowns are made in the same 
way, except that there is only one measurement 
from headline front to back [63]. 

In the toque shapes, coronets of bonnets, and 
brims that turn up very much all round, the edge 
wire is usually smaller on one side to allow the 
support wires to curve up [64 and 65]. Coronets 
are shaped brims standing out either round the 
front, side, or back of bonnets [66 Oad 70]. When 
a crown is much larger than the headline, the 
brim is made separately from it ; and for extra 
strength it has two headlines with about 1 in. 
between them for sideband [68]. The crown 
should be made separately, and a much larger 
headline and circumference of tip will be required. 
Support wire must be used [67]. 

Some toque shapes with no crowns have 
wires stretched across from front to back, side 
to side, and diagonally [69 a & b]. In this case 
the double headline is also required. 

MfllKing a Bonnet. Measurements for 
bonnet shapes are taken in this order ; 

Outside edge all round, noting size of front 
and back, ear to ear. 
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Ceiit£e*front to centre-back, noting depth of 
coronet in front, and, if a crown, depth of side- 
band. 

Side to side, noting depth of coronet. 

Diagonids, noting depm of coronet in front. 

Length of crown. 

Width and depth of crown. 

Bound wires. 

CSoronet wires. 

Width between wires round edge. 

For the making, cut off a length of edge 
wire the first measurement, plus 2 in. for turn- 
ings. Join it, keeping the join as the centre- 
back. Mark the centre-front with cotton, and 
measure half the front measurement on each 
side. Then bend the remaining measurement, 
which should be the same as from ear to car. 
If possible, the bonnet should be fitted to see 
that the shape at back meets the hair, and that 
the front effect is .becoming. 

Cut off the middle support as previously ex- 
plained for hats. In the case of a bonnet with 
coronet, bend the piece measuring the coronet, 
plus 2 in. for turning. Proceed with the side 
and diagonal wires in the same way, nipping 
them at the back to the edge wire. Tie the sup- 
ports in the centre. The coronet wire is nipp^ 
on last ; it is also made of edge wire, bent into 
curves or points as reqtiired. Then tie on the 
round wire, nipping it at the back to edge wire. 

Ail wire shapes must be covered with tulle, net 
or chiffon, to take away the hardness of the wire, 
and to have a foundation on which to sew the 
trimmings. If the foundation is meant for fur or 
velvet, lono is better, in which case each part is 
cut to shape [66]. Tlie edge should be bound 
with mull or sarcenet. 

To cover shapes with net or chiffon, take a 
piece of chiffon, run it along the edge on the out- 
side, “ easing ” it on slightly. Cut it up at each 
support wire, pull the chiffon through at the 
headline, so that it comes outside, and gather it 
at centre of tip. Fasten it securely and cut off 
all turnings [73]. 

Some bonnet shapes can bo covered with the 
net in one piece. In this case, place the net in 
the centre of crown, and smooth over the shape 
with as small pleat^^ as possible. Bind the edge 
with a crossway piece of velvet, silk, or mull [72]. 

All bonnets nave a velvet fold round the head- 
i line, either a crossway piece of velvet, folded 
double, sewn in before the hea<i lining, or a rou- 
leau, which is sevm in after the bonnet has been 
l^ed. This velvet bind is necessary to help the 
1x>nnet to set comfortiibly, to prevent it from 
slipping, besides keeping the wires from pressing 
on the head [71]. 

The shape of individual heads, the manner of 
dressing the hair, and the shapes of bonnets 
vary so much that it is almost impossible to 
judge whether a bonnet will be a good fit or 
no without trying it on the wearer. If it is 
f<>und that the bonnet does not reach' far enough 
' to cover the sides of the head, note where the 
headline is situated. It is equally possible that 
the depth or width of the crown itself may 
require enlarging. 



66-73. BOW WIBE SHAPES ABE MADE . 


The headline should sit quite firmly on the 
head, and have no tendency to slip. In mak- 
ing up, care should be taken that no very thick 
part of the trimming or lining should fill up the 
head space, and thus make the bonnet too 
small. 

When the trimming requires to be folded in 
the line of head, as in a close-fitting shape, 
allowance for this should be made when making 
the shape. 

Wire shapes to be covered and trimmed with net, 
or such materials as chiffon, lace, or foliage, are 
covered with double tulle or net. Floral toques 
have the shape made of green tubing, slipped on 
green support wire. Tinsel wire is occasionally 
used as a foundation for lace or chenille. 
Chenille, fine braids, and cords, very narrow 
ribbon, narrow strips of tullo or chiffon, are all 
used over wire shapes, laced closely over and 
under the support wire. When these are used 
in a lattice pattern as trimming there is no need 
first to cover the shape with tnile or net. 

Another way of making a wire idiape is over 
a buckram or straw shape, but as it is liable to be 
larger than the pattern shape, it is only used in a 
few cases - 

, . ANTOINETTE MEELBOOM 
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6R0UP 23-METALS & MINERALS AND THEIR MANUFACTURES-CHAPTER 15 

Protecting Metals. Corrosion. Coating for Ship Bottoms. 

Painting, Enamelling, Bronzing, Barfflng, and Nickel' Plating. 

COATING AND COLOURING METALS 


.j^ETALS arc coated for two reasons — to prevent 
gradual destruction by corrosion and for pur- 
poses of ornament. Usually both reasons operate, 
and, consistent with the proper protection from 
oorrosive influences, appearance is usually given 
the deciding voice. Some processes of protecting 
metals, induding galvanising [page 1590] ana 
tinning [page 1586lr have already been described 
in detail, and we shall therefore ignore them in the 
present consideration. We shall notice briefly the 
fundamental facts regarding the other processes; 
and we shall consider first the protection of iron and 
steel by painting when protection and not appear- 
ance is the object sought. 

Corrosion. Iron has an affinity for oxygen, and 
the result is oxide of iron, which we know as rust. 
Moisture accelerates the formation of rust, and 
precautions must be taken to avoid this. In pro- 
tecting beams whicii are embedded in masonry 
lime is used to advantage, and we consider this and 
some other methods of treating structural steel work 
further on. Asphalt is the most satisfactory 
coating for such situatious. The asphalt used 
should be naturally soft or may bo made soft by 
reducing a hard a.sphalt with a heavy mineral oil. 

For cast-iron water pipes the common protection 
is a coating of Dr. Angus Smith’s solution [see Tube 
Making]; but the process does not give satisfactory 
results with steel pipes, chiefly because steel pipes 
are thinner and do not retain long enough the heat 
necessarv to cause Angus Smith’s solution to 
form a nard, impenetrable film upon the surface. 
Steel pipes are best coated with asx)haltum reduced 
to an elastic varnish by the use of oil, and baked on 
hard in an oven. On a large scale the work is 
j^rformod most economically by dipping, the 
dipping tank being of a form to suit the wo^. 

Painting Iron and Steel. Iron oxide and 
metallic brown jiaints should never be used with 
iron and steel. Such paints are merely iron in a 
more or less advanced stage of oxidation ; in other 
words, rust. Rust promotes rust. Iron oxide, even 
in the form of paint, conveys oxygen from moist 
atmosx>here to the metal, and becomes a vehicle 
for the spread of rust. Zinc oxide {)aints also are 
found to x>eel off, and salvation is found in oxide 
of lead paints. Red lead forms with linseed oil 
a hard elastic coating that adheres to the metal 
surface with great tenacity. Its only chemical 
effect is to promote the formation of black or 
magnetic oxide, that prevents corrosion and docs 
not act as a communicating medium for atmo- 
spheric oxygen. Red lead in oil “ sets ” much as 
plaster of Paris sots when mixed with water; and 
just as plaster of Paris cannot be worked to advan- 
tage after it has partly set, so a red lead paint should 
not be applit'd when the process of setting has 
progressed some way. The usual practice in larg* 
shipyards — these may bo selected because the work, 
in them demands the best - known inractice — is 
that the red load is mixed with just enough linseed 

t il to form a stiff, tough x>a8te, which will keep for 
9veral days without hardening. This paste, when 
required for use, is thinned down with a proper 
proportion of pure linseed oil and applied at once. 


care being taken to leave no paint in the pots over- 
night. By this method the lead and oil ** set ” 
on the surface of the metal, and the adhesion is 
thereby more tenacious than it would be otherwise. 
The best mixture is 5 lb. of pure linseed oil and 
18 lb. of red lead, which make one gallon of paint, 
and can be made to cover 500 square feet os a 
first coat, or 600 square feet as a second coat. 

The advantages of red lead as a paint for iron 
and steel are that it dries easily with raw linseed 
oil without the need for the addition of any “ drier,** 
that after it has dried it forms an elastic coat 
capable of 'expansion and contraction with the 
metal, that it docs not impart or convey oxygen 
to the surface upon which it rests, and that it 
hardens without shrivelling, making a tough and 
insoluble covering. 

All varieties of driers impair the value of anv 
paint applied to iron and steel. The nature of all 
driers is acid, and any acid will ultimately induce 
corrosion or oxidation of any iron surface to which 
it is ax:)x>lied, thereby lessening the stability and 
protective i)rox)ertie8 of the ax^plied coating. 

Corrosion by Sea Water. Industrially, no 
process of coating metals is more important than 
when the objects coated have to withstand the 
action of sea- water. Utility is the first consideration, 
and artistic effect, while not negligible, is of much 
less imx>ortance. A few years ago extended tests 
were m^ule ux)on steel and aluminium plates in 
Brooklyn Navy Yard, under the care of scientific 
authorities, in order to determine the most satis- 
factory coating to resist sea - water corrosion. 
Seventy- two xd'^tes were immersed in the sea and 
withdrawn. Sixty of them were left for thirteen 
months, and twelve of them were subjected to 
nineteen months’ immersion. A careful examina- 
tion of them after withdrawal was instructive, 
and led to (rortain definite conclusions, w'hich may 
bo summarised as follows ; Whatever pigment is 
used for sea work, a more durable coating results 
if varnish is the vehicle than if oil be used. Further, 
a varnish coating, or a pigment and varnish coating, 
withstands soa-water action better when baked on 
than it does when only air dried. Zinc-white was 
found to be more durable than any other pigment 
used in the teat, and finally enamel coatings, baked 
on at high temx)eratures, were proved more durable 
than any other coating. 

Anti-fouling Paints. In the old days of 
wooden ships, the hulls used to be sheath^ in 
copx^r to give anti-fouling properties, but when 
iron and steel plates superseded wood for ship- 
building purposes, cop})er had to be discarded. 
When a plate of iron or steel and another of copwr 
are joined or in mechanical contact in any acidu- 
lated solution of water, such as sea-water, the iron 
becomes electro- positive to the copper, and corrodes 
rapidly. The value of copper lay in the fact that it 
protected the wood beneath it from the action of sea- 
water, and because it constituted a substance with 
anti-fouling prox^erties ; that i» to say, that marine 
organisms did not readily attach themselves to it. 
The anti-fouling paints or compositions now used 
are legion. Many of them are secret preparations. 
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aai oliim are the subject of letters patent. Most 
. of them are sold under proprietary names. 

The essentials in a paint for ships* bottoms 
are that it must be of a nati^re capable of protect- 
ing the surface of the hull from corrosive influences ; 
it must form a smooth surface, so as to offer as 
little friction to the water as possible ; and it must 
be a rapid dryer, so that the bottom may be cleaned 
and two coats of paint applied in one day. The 
compositions used must be adapted to the waters 
through which the ship has to make her way. 
For instance, the waters of the Indian Ocean are 
more fouling than those of the Atlantic, and a com- 
position for use in the former ought to have a higher 
percentage of “a 7)oisonous ingr^ient. 'Iho harder 
the paint on a ship bottom, the longer it will last. 
The use of shellac dissolved in spirit gives a coating 
of the necessary hardness and adhesive powers. 
The second or external coating should contain a 
poisonous ingredient that will kill the marine 
organisms seeking to adhere to the hull surface. 
Zinc-white, arsenic, copper, and quicksilver have 
all their use in different compositions. The more 
scaly the composition the more frequently must it 
be renewed. In spite of this scaling, such com- 
positions arc usually preferred, because as they 
scale they carry away with them any attached 
organisms. 

Tlcfore applying a ship paint, the surface to be 
treated must be cleaned. All rust must be re- 
moved. Better results are attained by a poor 
paint on a well- prepared surface, than by a good 
paint on a badly prepared surface. Among the 
patented anti-fouling compositiofls wc may mention 
the following : 

1. Bitumen, lime, fine sand or Portland cement, 
and flaky mica — melted together and applied hot. 

2. Mix 32 parts of quicksilver with 1 part 
sulphurised oil of turpentine by grinding in a 
mortar ; add GO parts of lard and mutton tallow, 
working the whole into a homogeneous mass. Finally, 
add 20 parts of litharge which has been ground 
up in oil. Before using, reduce to proper consistency 
by Stirring in gradually linseed oil, varnish, and 
3 per cent, of peroxide of manganese. Any pigment 
may be introduced to colour any desired shade. 
This composition is said to be an effective deterrent 
to the lodgment of barnacles. 

3. Tallow, 40 ports; resin, 10 parts; nitreous 
sand, 10 parts ; arsenic, 1 part. Melt together, 
and mix well. 

(^elluloid promises to be a valuable coating 
material for shi]) huds [see under Dyeing], when 
the prejudice against it has been dispelled. 

Protecting Structural Steel. Apart 
from shipbuilding work, there are many purposes 
V for whicn iron and steel must have a thoroughly 
protective coat of paint. An important field is for 
structural steel buildings, which are common in 
other countries, and which 'are bound to breomo 
common in this country whenever the restrictive 
building laws which prevail with us have been 
modified so as to make the lorni of construction 
economically possible. In structural steel work, 
the steel joists are almost invariably embedded 
in cement, or covered with wood, stone, or plaster, 
80 that it is impossible to give them periodical 
coats of paint as may be done with, say, a bridge 
or a ship’s hull. Hence the need at the time of 
building to make the pigment covering as durable, 
os impenetrable, and as free from any agent of 
borrosion as oan possibly be done. The extent 
po which steel-frame buildings oan maintain their 
Ittt^Dgtli under difterent mbthode of protection 
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has for years been a matter of conjecture and 
theory. The method of construction is not old 
enough to furnish precise data regarding corrosion 
under different condition. Hence peculiar value 
attaches to the examination of buildings which 
suffered by the San Francisco eartiiquake and fire 
in the year 1906. 

Lessons from San Francisco. iSan 
Francisco, was a city with many steel-frame build- 
ings, and the new San Francisco will follow this 
method of construction almost exclusively. From 
the point of view of investigation, the building 
which attracted most attention when the ruins 
came to be examined was a nino-storey insurance 
office, which was erected in 1893, and had therefore 
done thirteen years of duty. The rust or freedom 
from rust of the members of the steel framework 
after thirteen years of use was the point upon 
which precise information was sought by architects 
and others. There was very little rust indeed when 
the steelwork was exposed. Where the steel was 
covered with lime only, there was found to bo a 
little more rust than when Portland cement and 
lime had been used together. Where there was 
rust under the paint, it is thought that care was 
not exercised in having the surface clean at the 
time of painting. But, generally speaking, the 
freedom from rust was so general, and the con- 
dition of the members so satisfactory, that all the 
columns, beams, tie rods, and bolts were sold for 
use in now buildings in the vicinity. 

From the whole experience certain conclusions 
are drawn regarding steel - frame buildings, and 
some of considerations are briefly as follows : 

A steel frame, properly painted and buried in 
masonry, will not rust enough in thirteen years to 
affect its strength appreciably. The better the 
steel is coated with mortar, the less it will rust, 
Portland cement is bettor than lime mortar for 
imbedding steel to prevent it from rusting. Un- 
painted iron rods buried in mortar composed of 
lime ,and a. lillrge proportion of Portland cement 
rust Very little — certainly not enough to impair 
their strength. If steel is not thoroughly cleaned 
before it is painted, the paint will not greatly retard 
the progress of rust. It is much easier to cover 
steel thoroughly with concrete than with brick 
masonry. If brick masonry is to bo used, the 
bricklayer should plaster the steel thoroughly before 
the brickwork is put up. The quality of paint 
used, though important, is not so important as 
surrounding every part of the steel with Portland 
cement. Cinder concrete does not injure to the 
slightest degree a steel floor- beam that has been 
painted. 

Paint for Tin and Zinc. In this country 
tin is not used as a roofing material. But in other 
countries — conspicuously in Canada — tinplate is an 
exceedingly common roofing material. A common 
paint for tin roofs, when they are treated with 
paint, is made by mixing Venetian red, Spanish 
Drown, or yellow ochre — or these in combination 
according to the colour desired — with pure raw 
linseed oil. Such a paint attains a great elasticity, 
which enables it to expand and contract with the 
metal without cracking. As tin roofs are generally 
used only in countries subject to wide extremes of 
temperature, this property is valuable. 

It is extremely aifHcult to persuade oil colours to 
adhere to zino owing to the coating of zinc oxide. 
But zino seldom needs painting for protection, os 
it does not corrode under atmospheric exposure. 
By means of a special treatment zino is said to be 
made capable of takhig pa ea oil paint satisfactorily. 
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This treatment consists in the application of 
a mordant made by dissolving 1 part each of 
chloride of copper, nitrate of copper, and sal ammo- 
niac in 64 parts of water, and thereafter adding 
1 part of hydrochloric acid. Under this treatment 
the zinc first becomes a deej) black, but during 
the drying process this changes to a grey, to which 
oil colours will adhere satisfactorily. 

Cleaning Metals. No matter what process 
of covering metals is to bo adopted, it is essential 
that the article to be coated should be cleaned if 

f ood is to result. There is no exception to the rule. 

lust, dirt ( r grease prevent intimate adhesion, 
no matter whether the coating be paint, enamel, 
or another metal to be dej)Osited by simple immersion 
or by electric deposition. The methods employed' 
for cleaning iron and other metals before galvanis- 
ing and tinning have been considered on pages 1586 
and 1691, and, generally speaking, those methods 
apply to all metals upon which a tine ilnish is desired. 

The usual method of cleaning for good work is by 
pickling or immersion in an acid bath, and the usual 
pickle is sulphuric acid and water ( 1 in 20 to 1 in 30). 
Where sand has to be removed, as with cast iron 
sometimes, hydrofluoric acid is better as it dis- 
solves the sand (silica) and is not active upon the 
metal. After pickling, the work must bo washed 
well with water so as to remove any trace of acid. 
Where the article is greasy, a solution of caustic 
soda or of caustic potash in water is the best 
means of removing the grease. It is best applied 
hot. When rust has to be removed from iron or steel ^ 
a good mixture to use is made by mixji||^l part of 
hydrochloric acid and 6 parts of sulphuric acid in 1 
gallon of water ; then when the rust has been removed 
another bath made by dissolving 4 oz. of zinc sulphate 
in 1 gallon of water and by adding 16 oz. of sulphuric 
acid completes the cleaning process. Corroded 
brass or copper is best cleaned by dipping it into 
a mixture containing 3 parts of nitric acid, 6 parts 
of sulphuric acid, and 8 parts of wafc. Corroded 
zinc may bo cleaned by dipping into an acid' bath 
with 1 part of sulphuric acid, 2 parts of hydro- 
chloric acid, and 160 parts of water. For dirty 
lead, tin, and pewter a hot caustic soda solution 
is best. 

Polishing Metals. For work of a high order 
such as enamelling and plating tHo mere removal 
of rust and grease is not enough. It must be polished 
if the resulting surface is to be excellent. There are 
many methods of polishing. Sand blasting we have 
described elsewhere [see page 1727]. It is used 
chiefly for bnvss and other soft alloys. Other pro- 
cesses are stone and emery grinding, scratehbrushing, 
and buffing. The methods adopted depend upon 
the condition and nature of the work and upon the 
finish desired. Preliminary processes whore the 
surface is coarse consist of grinding upon an emery 
or ccirundum wheel [see page 1727j. For finer 
work polishing lathes are used. These have 
circular wire brushes, hair brushes, leather bobs, 
felt bobs, or cotton bobs revolving at high speed. 
Wire brushes are usually lubricated with some 
liquid such as stale beer, the object being to keep 
the brush from becoming too hot and to prevent 
it from cutting into the metal. With the other 
forms of brushes or bobs, polishing powders or 
polishing compositions are used. The usual best 
practice is to have the polishing material in the form 
of a cake and to apply it to the bob simply by 
holding it in contaot as the latter revolves. The 
materials are composed of rottenstone, pumicestone, 
emery in various degrees of fineness, oroous, tripoli 


powder, and rouge. Tripoli is used coarse, for 
instenoe, for brasswork and small iron and steel, 
while if the work is to be plated fine tripoli and 
crocus are used. Rouge is used for finer work 
8till--for cutlery and jewellery. Any of these com- 
positions and materials can be used with hand 
polishing brushes and tools, but this practice is 
laborious and costly, hence seldom used in manufac- 
turing industries. 

Blueing Iron and Steel by Heat. Small 
articles of polished iron or steel may be blued easily 
by the use of heat. The most convenient method 
of applying this heat is by the agency of a Bunsen 
burner, which yields a hot flame but does not 
smoke. Another common method, especially for 
flat work, is to heat a flat piece of iron and steel — 
sufficiently thick to retain its heat for a long time — 
and to place the small objects upon its hot surface 
in direct contact or upon a piece of sheet iron 
interposed between the two. The Bunsen burner, 
when properly constructed, should bum with a 
light blue flame, having within it a blue-grocn flame, 
the apex of which is the point of most intense heat. 
The article* being heated should be hold immediately 
above this point of greatest heat. Watch the 
change in colour as the iron or ste3l article rises in 
temperature under the heat. Withdraw it from 
the flame before it quite comes to the desired shade 
of blue, hold it in the air until the desired tone 
appears, and at this point throw the article into 
oil — preferably a heavy oil, such as lish oil or lard 
oil — where it may be allowed to cool. When the 
article being treated is of uniform shape, the work 
is easy ; but whore the shape is irregular — say, thick 
at one part and thin at another part — greater care 
and practice is necessary to secure uniform results. 
In such a case the heat must be confined to the 
thicker part for a longer time than is necessary 
for the small i)arts. Another method of attaining 
the same resiilt is to heat sand very hot in a pan, 
then to immerse the articles in the sand, and to 
roll them around until the desired shade appears, 
when the colour is fixed by the oil- bath, as already 
stated. By all of these metliods the iron or steel 
passes through the following colours — pale straw, 
dark straw, brown, purple, blue and green, as its 
heat increases, and it may be arrested at any one 
of them. 

Of the many other recipes recommended for blueing 
iron and steel, the following may be put on record : 
A solution of 1 oz. lead acetate and 1 oz. sodium 
thiosulphate in 50 fluid ounces of water, being used 
hot, imparts tones from a light brown bronze to 
black, according to the duration of the soaking, 
the intermediate tints being purple, blue, light 
blue, and steel grey. 

Lacquering. Metals may bo lacquered both 
to preserve them from atmospheric action and to 
improve the appearance. The usual transparent 
lacquer is made by dissolving shellac in methylated 
spirit and colouring matter such as dragon’s blood 
for red, and gamboge or turmeric for yellow, while 
a wide range of colours is seoiirod by introducing 
the aniline dyes. In applying the lacquer the 
article being treated should be kept warm at a 
uniform temperature. The work should be done 
where there is no dust floating about, and the 
operation should be performed rapidly and 
smoothly. The lacquers should be kept in 
stoppered bottlrs, which are best when of opaque 
glass. They should be applied with a thin, wide 
and flat brush. [See Graham’s table of lacquers 
on the following page.] 
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Enamelling* Enamelling is perha^ tlie most 
common of the mooesses of coating small articles of 
iron and steel We refer not to the vitreous enamel- 
ling such as is found on the enamelled milk saucepan 
and the enamelled mug, but to the ordinary enamel 
paints which are applied either by a brush or by 
dipping and afterwards hardened in an enamelling 
stove. Articles enamelled in this way are found in 
every household — the iron bedstead, the coal- 
scuttle, the room fender, and many other articles of 



domestic use. This sort of enamel is merely a line 
paint, which is dried and hardened by heat. 

The Enamelling Stove. An onamolling 
stove is necessary for the work. It is best heated 
by Bunsen burners. Enamelling atovo.s may be 
nrohased from makers who speeiahse in them, 
ut any iron plate worker can make one without 
difficulty, and if proper precautions be taken, the 
home-made article is often better than the factory 
stove. A ventilator at the toil permits a current of 
hot air to circulate through the stove. It is an 
economical provision to have the walla lined with a 
non-conducting material, such as fireclay, so as to 
prevent unnecessary heat radiation, thereby reducing 
the amount of gas consumed to maintain the proper 
heat. The sides should be fitted with angle iron 
bars upon whioh bars or shelves may rest to support 
the work. The door should be made the whole 
width of the front, thus permitting ea.sy ingL'css and 
egress of the articles befoie and after enamelling. 
It should also have fixed to its inner side a thermo- 
meter registering up t > not less than 400'* F., and 
capable of being inspected from the outside. The 
usual device is to have an oblong panel cut from 
the door ir front of the thermometer and fitted 
w'th a sliding or swinging cover which can be re- 
iiiOved when it is desired to read the tem]>eraturo. 
The gas supply should be in excess of requirements 
6 that the proper heat can always be secured. 
The heat is regulated by raising or lowering the 

f as jets or by lighting or extinguishing one of the 
iunsen tubes. 

For many purposes — a cycle frame, for instance, 
or a fine cast-iron stove — a fine polish is essential. 
The finer the polish the finer is the resulting coat of 
enamel. The polish is obtained first by binding on 
a grindstone, or an emery wheel if the work be rough. 
For work that is not rough originally, polishing with 
a fine emery bob and then with a leather and cloth 
bob is sufficient. Some work is “sweated” 
before having the coating of enamel applied — 
that is, rubbed with a olotn wrung out of spirits of 
tar and placed in the stove at mil heat of, say, ^ 
300** F. to 400^ F. for a quarter of an hour. 


The Coata of Enamel. Some articles may 
have only one coat of enamel, in whioh case the 
finishing enamel is that applied, but in most cases 
a first coating precedes the finishing coat. The 
article is either painted with the enamel by means 
of a binish, or dipped into a bath or trough con- 
taining enamel. If the brush be used, it must be of 
good quality so as to lessen the likelihood of hairs 
adhering to the surface. A hair cannot be removed 
after the enamel htis been -hardened without leaving 
a blemish. The size and shape of the trough, if 
dipping be practised, must bo decided by the shape 
of the articles, but a trough is used only where 
enamelling is on a largo scale. 

The enamels are purchased from firms making a 
speciality of their preparation. The enamellor 
need not think of making them for himself. The 
work having received its first coating, is placed 
in the stove, and is given the necessary heat for a 
period depending on the colour and quality of the 
enamel For black enamel the heat is usually from 
300° F. to .350° F., and for coloured enamels about 
125° to 150°. Care should be taken not to give the 
full heat at once. The time required at this heat is 
usually between one and two hours, and must be 
decided by experience. Keeping the work in the 
full heat for too long a time makes the enamel 
easily chipped besides consuming unnecessary gas. 
When the gas is turned off the enamel is hot, out 
wet. When it has dried the article is polished with 
a. paste made of pumioestone in an impalpable 
powder or crocus and water. All roughness should 
be carefully removed in this polishing. 

I’he finish^g coat— not of the enamel formerly 
used, but of “ finishing enamel ’’ — is then given. 
It must bo applied in a thin coat or the finished ap- 
pearance will be blotchy and shrivelled. The work 
is again put into the stove and the full heat main- 
tained until it is slightly “ tacky “ or “ gummy ” 
when touched. Then turn out the gas and allow 
the artK'lo to The article is enamelled. If a 

still higher doom of finish be desired, this second 
coat may be rubbed smooth with the paste as before, 
and a third coat — another of the second or 
finishing coat — applied, but this is seldom done. * 

The enamels should always be kept corked when 
not in use, so as to prevent dust or other extraneous 
matter getting into them. As much work as possible 
should be put mlo the stove at each heating, thereby 
diminishing the cost of gas upon each article. 

Vitreous Enamelling. The process of 
ap})lying a coating of vitreous enamel to articles of 
metal has during the last few decades spread from 
the field of ornament into that of utility, and an 
enormous industry, which flourishes especially in 
Germany and Austria, has grown into being. Street 
signs, and culinary and domestic utensils are the 
articles to which vitreous enamel is most frequently 
applied. In Continental Europe cast-iron work^ 
such as co'al stoves, is treated to this variety of 
enamelling, but in this country its use in this 
direction is limited. 

Enamel is merely a coatiiM of a glass applied with 
an ingredient such as tin oxide or bone ash to render 
the glass opaque. Into coloured enamels other 
ingredients are introduced, in accord^ce with the 
colour desired. White is by far thte most common 
variety of enamel used for coating articles of 
metal, and blue comes second in importance. In 
America, however, mottled or “ granite ” ware is 
more common than white. A maowledge of the 
properties and composition of glass is essential to 
the manufaoturer of enamels, and reference may be 
made to the article on glass manufacture* 
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A il\ix ifl necessary to cause the enamel to adhere 
fco the surface of the metal. Borax is the flux at 
once the most easy to work and that most generally 
employed. Other fluxes arc fluorspar, broken glass 
or cmhtt gypsum, clay, and broken porcelain. 
These fluxes are used alone or in various combina- 
tions according to the class of work under treatment. 

To introduce colour into enamel many metallic 
oxides are used. The chief pigments in general use 
are as follows ; 

To give blue — Cobalt oxide and cobalt silicate. 

„ black — Ferrous oxide. 

,, brown — Ferric oxide. 

green — Ferrous oxide (in smcall quantities), 
cupric oxide or chromic oxide. 

,, red — Ferric aluminate, tin -gold chloride, 

sodium-gold chloride or purple of 

Cassius. 

,, yellow — Oxides of silver, iron, uranium, 

and antimony or antimonato of potas- 
sium or lead. 

„ violet — Oxide of manganese. 

Lead in Enamels. Lead ought to be 

absent from enamel ap[)licd to any vessel, intended 
to contain food. On account of the affinity of lead 
for silica a load enamel is an easy one to manipulate, 
and makers of cheap enamel ware uso it extensively. 
But it cannot be too strongly urged that its use is 
dangerous. The presence of lead in the enamel of 
an article may be detected by several simple 
methods. If weak vinegar bo boiled in an enamelled 
vessel, and if as a result the surface of the enamel 
becomes dull and rough, lead is present. This test 
will also tluow lead into solution in the vinegar. 
Another test is to beat up an egg in an enamelled 
vessel, and allow it to stand for twenty-four 
hours. The sulphuretted hydrogen in the egg will 
darken the lead oxide and cause the enamel to 
show a stain. For most pieces of chemical ax»j)aratu8 
also an enamel containing oxide of lead is bad, as 
the lead may enter into chernicajLfiom bination and 
vitiate or modify the residts mtained. There 
are many recipes for lead less enamels. Mr. Paul 
Randau vouclies for one as being in use in some large 
Austrian enamel works, and we give the formula : 

Silica . . . . . . . . 30 to 50 parts 

Flint 10 „ 20 „ 

Kaolin 10 20 „ 

Pipeclay . , . . . . 8 „ 1(1 „ 

Chalk 6 „ 10 ,. 

Cround porcelain 0 „ 15 

Boric acid . . . . . 20 „ 40 „ 

Saltpetre . . • . . . . 0 ., 10 „ 

Gypsum . . . . . . 2 „ 5 „ 

Enamel adlieres better to charcoal iron than to 
coke iron, and in cast iron to “white iron” rather 
than to “ ™y iron.” White iron, however, is rather 
hard and brittle for most purposes to which ena- 
melled iron is put, hence a mixture of white and grey 
pigs are generally used in cast iron that has to hd 
enamelled. 

Preparation for Enamelling. To prepare 
iron and steel for the coating of enamel, they must 
be pickled in diluted acid, a process which has been 
described income detail in our descriptions of galvan- 
ising and tinning | see pages 158fland 1501J. If greasy, 
treatment with caustic soda removes the grease. 
The articles are then s'coured with clean, sharp 
sand until quite bright. Many mechanical devices 
are adopted to secure economy of work and big 
output in large works, but we shall not stay to con- 
sider these devices here. A common one is a sand 
blast apparatus. After scouring, the work is dipped 

im/ 


into boiling water, drying immediately after with- 
drawal, when it is ready for the enamel coating. 

The under coat is then applied. The enamel is 
usually kept moist, and is therefore like clinging sand. 
Before application, it is reduced with water to the 
consistency of cream. The workman ladles into 
the vessel, the interior of which is to bo enamelled, 
as much of this enamel cream as experience teaches 
him will suffice for the work, and by means of a stiff 
brush ho spreads it over the surface to be coated. 
Any excess is allowed to drip off, but practice enables 
the workman to dispense with the necessity of 
draining. The work coated with this enamel is then 
taken into the drying- room, preferably heated by 
steam pijjes, and after remaining there about one 
hour, the article is dry and ready for firing, for 
which purpose it is taken to the muffle furnace. 

The muffle furnace is of the ordinary ty|) 0 , 
and must be of a capacity to suit the work. But 
workshop economy demands that it should be made 
quite full every time it is heated, hence there is 
danger of expense in having the furnace too large. 
It is better to increase the number rather than to 
increase the size of the furnaces ; but there must 
always be one large enough to accommodate the 
largest piece of work likely to be treated. The fuel 
for the furnace may be that most convenient to the 
district. Gas may be chosen with advantage, if it 
be available, as it allows the temperature to be 
legulated perfectly. 

Firing the Ennmel. The object of the 
muffle forms of furnace is, of course, that the 
contents may come under the full heat given 
off, but may yet be secure from the dust and 
smoko that would surround them if there w’ere no 
iMiifflo. It is usual to have the greatest heat at the 
back of the muffle, so that the articles are not subject 
to the extreme heat immediately after insertion. 
The work is p\it into the muffle when the front of 
the latter is at a dull red heat, and the bfick portion 
at a bright red heat. The pieces of work are moved 
about by the workman into the hotter or cooler 
portions as they seem to require it. One expert 
man can attend to a round dozen of muffles, filled 
with work. From twenty minutes to half an hour 
ought to suffice for this firing. After that time, the 
enamel will have fused over and on tc) the metal. 
It will still have the jwwdory effect which it Imd 
when it entered the furnace, but the powder can 
no longer be rubbed off with the finger, and close 
examination will show that the adhering particles 
have lost ilieir sharp edges. If the powder does not 
adhere well in the manner indicated, the enamel 
composition is too refractory, and must have some 
borax stirred into it. If, on the other hand, it be 
very smooth on its surfiice, it is too fusible, and the 
enamel mass must have some clay or flint added to 
it to make it more refractory. 

The Final Coat, The covering coat is 
applied after the article has been withdrawn. If 
there be any exposed iron which was not intended 
to be enamelled, and was therefore not coated 
with enamel composition in the first instance, the 
firing will have made it black. This black, which 
is black oxide of iron, mu.st be removed with wire 
brushes. The finishing layer of enamel is now 
applied in the same manner as the first was. The 
thinner it can be made, consistent with efficient 
covering, the higher will be the finish and the 
greater the durability of the finished article. The 
temxierature of the muffle furnace for the finishing 
coat is kept a little lower tlian it was for the first 
layer, as the composition is more easily fusible.' 
Also the articles are moved about in the muffle, 
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and turned more frequently, so as to secure 
uniformity in the process of fusion. When it is 
considered that they have had enoiish of the fire, 
they are removed, but ought to be allowed to cool 
gradually, otherwise the enamel may crack in the 
cooling. There is frequently a separate mufilo at a 
dull red heat, into which the articles are placed and 
allowed to cool slowly. The enamelling is now 
complete. 

Cheap enamel ware is frequently made with only 
one coating of enamel, but good work that will stand 
the test or use, especially if it be for articles for 
cooking, demand two coats. The first, or ground 
coating, should bo somewhat porous, and the upper 
or covering layer forms the impenetrable glaze. ^ 

Decorating Enamel Ware. The common 
method of decorating 'enamel ware is by mean.s of 
transfers as used for pottery ware. The ink with 
which these transfers are printed must be made of 
fusible oxides. To fix a transfer to an enamel 
surface is not difficult. It is aj)pliod, the back of 
the transfer is damped with a sponge, and the article 
is fired, so as to fix the ornamentation.. Hand 
decoration is also practised, and is the common 
method when bands are being put on the outside of 
vessels, but for elaborate work its cost Is prohibitive. 
Mottled or granite enamel ware is made by spraying 
upon a coating of white or yellow enamel a covering, 
or rather a partial covering, of coloured enamel. It 
is then fired in the usual way, and if a good surface 
bo desired, it is treated with a final transj^arent 
enamel glaze. 

Colouring Metals. The numerous jjro- 
cesses for bronzing metals may be divided into three 
classes, depending for their action upon chemical 
change, electro -chemical change, and mechanical 
Application. The first and the second might 
^ properly be classed as one, but electric deposition is 
* suen an irnijortant and such a distinct process, that 
it may well be elevated into a class apart. 

All metal articles may be treated to an application 
of bronze powder, caused to adhere to the surhice 
of the metal by a sfiecial varnish, llronze powders 
are made in dozens — indeed, hundreds — of shades, 
and their manufacture is a huge industry in Austria, 
which supplies the greater part of the world with 
them. The so-called bronze powder is simply 
metallic . brass, copper, aluminium, or other metal 
or alloy in a very line state of subdivi.sion. The 
particular depth of shade is usually obtained by oxi- 
dising more or less the metal in the manufacture of 
bronze, but with this, the man who applies the pow- 
der has no direct concern. (See also page 172.3.j 

The article to be bronzed is usually coated with 
a special varnish. This varnish, or size^ had better 
be purchased from varnish manufacturers, but a 
good recipe for its manufacture is as follows ; 
Boil linseed oil for two hours, and add to it gradually, 
t^hen boiling, 5 |)er cent, of its weight of red litharge, 
iollowed by 5 per cent, of white litharge. If the 
first addition of red lead cause the formation of a 
red scum, the oil is at too high a temperature, and 
the further addition of red lead must be delayed 
until the oil has cooled somewhat. The mixture is 
kept for about a week, and is then ready for u.sc. 

The iron or other article to be bronze-coated is 
given a coat with the varnish or size, and when this 
varnish has become almost dry, or, as it is called, 
taciey, the bronze powder is applied, usually with a 
brush. Then, when the varnish has quite dried, the 
surplus powder is brushed off and the article is 
bronzed. It mav be coated with varnish again, 
and will, after this precaution, resist atmospherio 
- action and retain its freshness much longer than it 


otherwise would. It must not be forgotten, how- 
ever, that any varnish applied after the bronze 
powder diminishes the metallic brightness, so that 
the manipulator must clioose between brilliance 
and durability. 

An expeditious, economical, and - satisfactory 
i^ethod of applying bronze powder is by mixing it 
up like ordinary paint, with the vartiish as a base, and 
by painting it on the surface to be decorated. Tw'o 
coats nre desirable, and, of course, those may be 
thinner than a one-coat application. Turpentine is 
the medium used to thin the varnish. The hardness 
and durability of the bronze coating is much in- 
creased if the article be dried in a japanning stove. 
The temperature should not be high — not more 
than 200"' or 2«50“ — and half an hour is about long 
enough time to allow. 

Bronzing Brass by Immersion. There 
are m»iny simple immersion baths used to bronze 
metals, and the tone resulting depends upon the 
duration of the immersion. Brass may be coloured 
any shade from brown to black by a bath made by 
dissolving 2J oz. of nitrate or perchlorido of iron in 
1 gal. of water. Any shade from brown to red may 
be secured by immersion in a solution containing 
j lb. nitrate of iron and hyposulphite of soda in 1 gal, 
of water. Yellow to rod demands a bath where J oz. 
tcrsulphido of arsenic, and 3 oz. of pearlash solution 
have oeen dissolved in 1 gal. of water. Pota.ssium 
sulphide added to water (J oz. to 1 gal.) gives 
orange bronze ; a mixture of pcrchloride of iron 
and water (I gal. to 2 gal.) gives an olive green, 
while sulphocyanide of potassium (20 oz.) and 
water (1 gah) gives a blue. 

Bronzing Copper by Immersion. Bronz- 
ing copper baths, used simply by immersing the 
cop]>er articles in the solutions, nrfe as follows, the 
chemicals mentioned being dissolved in 1 gal. 
of water : 

Brown to blacky oz. nitrate of iron. 

Dark drab, 2|t oz. nitrate of iron and 1 oz. sulpho- 
cyanide of potassium. 

Bright red, 1 oz. 8uli>hide of antimony and J lb. 
pearlash. 

Red to blacky \ oz. suly)hur and I lb. pearlash. 

Steel greyj J oz. chloride of arsenic (must bo applied 
at 180° F.). 

Japanese Lraccfuer. Japanese lacquer is 
valuable as a metal coating, and when once the 
secret of its manufacture lias been given to the 
Western world, its use will extend. But at present 
its precise method of preparation is held ns a jealous 
secret. -It is known to bo made from the .secretior 
of a tree, the Rhus vermicifera, called by the Japanese 
the urushi-naki, which grows to a height of about 
30 ft. when it attains its full yielding capacity. The 
lao is collected by making horizontal inoisions in 
the tree. The issuing lao is milky white and thick, 
but on exposure becomes first dark brown, and 
finally blacK. The lac is purified by being strained 
through cotton- wool, then by rubbing it on a paint 
slab and mixing it well with water, which is finally 
evaporated by heat. The further treatment in 
preparing the famous Japanese lao varnishes is not 
Imown outside of Japan. White and pure light 
colours cannot be obtained in these Japanese lacquer 
varnishes. The usual colours are brilliant black, im- 
pure vermilion, impure dark green, and dark grey. 
Drying is done in twenty-four hours in a moist 
atmosphere, and if the articles to be dried are placed 
in enclosed rooms, the walls and floors must be 
wetted down periodically, so as to provide the moist 
atmosphere. Fine lacquer work requires IS coats ; 
it improves in colour with age. If J apanese lacquer 
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were used only for brio-A-brac and woodwork, wo 
would not give its description space in this article, 
but it has a much wider use than that held by 
general opinion. It is wiclely used for metal coating 
— the tTapanoso use it for acid tanks, for ship's 
coating, for coach and decorative panels, and for 
domestic articles, which it enables to resist hot 
water, soap, and alkaline solutions. It nev<^^ splits 
or cracks, and has groat durability. Applied to the 
hulls of ships, Japanese lacquer forms a coat both 
anti-corrosive and anti- fouling. The coats applied 
to hulls vary in composition, the first being almost 
pure lacqiKT, and the succeeding coats containing 
proportions of mica oi kaolin to increase the covering 
power. When first used as a ship’s piint, anti- 
fouling paints were applii'd over the lacquers, and 
this method was a failure*, the urustric acid in the 
lacquer attacking the nieiallic base of the anti- 
fouling paint, the n'sult being that the virtues of 
both were destroyed. Lat(*r, it was found that the 
lacquer alone is an admirable anti-fouling paint, as 
well as an anti-i-orrosivc prote(jtion. 

The Bower-Barff Process, The Bowor- 
Barff process of coating iron and steel is old, the 
two inventors from whom the process derives its 
name having registered their patents over twenty- 
five years ago. But the process did not obtain 
prominence or eoininercial success, on account of 
ccitain inherent difficulties which gave bad results. 
It remained for followers of the original inventors 
to carry the process some way nearer perfec’tion, 
so that the modification of the original process 
now followed by those who practice ixtrfjintj, as it 
is usually termed, may b(*. said to b(; both a practical 
and a commercial success. 

The root principle of the barffing process lies in 
this — that when iron or steel i.s made red-hot, and 
steam is brought into contact with it, the surface 
undergoes a chemical change and becomes black 
oxide, or, as it is more properly called, magnetic 
Oxide of iron. We need not waste space in describ- 
ing the plant used by Bower and by Barff res^xjc- 
tively in achieving their objects. Our time will be 
bettor occupied in paying attention to the modern 
improvements upnii the original methods adopted. 

No other metals but iron and steel can bo sub- 
jected to barffing with successful results, hence its 
use is somewhat restricted. But the process is 
loss expensive than galvanising, and, if carried out 
as it now can be carried out, the surface given to the 
metal is even mure resistant to Gorro<ling influences 
in exposed situations. The finish is a dark slate or 
dead black — the natural colour of black oxide, 
and the depth deepens upon the length time to 
which the articles are subjected to the process. 
The bad results in early attempts weio that the 
magnetic oxide surface given to the iron or steel 
was very hard and brittle, being liable to scale. This 
difficulty has now been almost entirely obviated. 
Certainly, articles barffed today do not give evidence 
of peeling in the manner and to the extent that 
formerly prevailed. 

The present-day practice usually followed is tlie 
Gesner modification of the original. This consists 
in heating the work in a closed retort, and injecting 
steam for some time. The steam is shut off, and a 
small (][iiantity of naphtha is admitted, after which 
steam is again injected. Finally, the work is allowed 
to cool naturally, and is then finished. 

The Barfflng Furnace, The furnace used 
is much like a coabgas furnace, consisting of on‘e or 
more clay retorts, which may be made to open at one 
or both ends. The fuel used is immaterial, as the 
work is isolated from the fumes, and local conveni- 
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ence decides the point. Steam is led from a boiler 
into the retort by a suitable pipe. The steam need 
not bo under pressure, and an ordinary house 
boiler is quite suitable for its generation. The 
steam-pipe is led along the bottom of the retort, 
protruded from the end opposite to that by which 
it entered, is returned, and its end led into the 
retort again. The object of thus causing the steam- 
pipe to travel the whole length of the retort before 
the steam is allowed to escape is that the steam 
is superheated before coming into contact with the 
work. This is an essential feature of Gesner’s 
method. Another essential feature is the use of 
a hydrocarbon, such as naphtha, with the steam. 
'The theory of the inventor of this process, and his 
claim to success, rest in the fact that the steam, 
passing through the red-hot pipe in the bottom of 
the furnace, is partially reduced, that hydrogen and 
oxygen are set free, and that those, acting in con- 
junction with the steam, give a coating of magnetic 
oxide containing hyilrogen. Such a coating is, by 
experience, found less liable to scale than one 
devoid of hydrogen. Analytical tests made have 
shown that the magnetic oxide coating contains about 
1 per cent, of hytlrogen. The door of the retort is 
made reasonably tight to prevent the esoa[>o of 
steam, and clay is plastered around it with this 
object. An exhaust pi])e is led from the top of the 
furnaco into a water-seal, whicJi gives a low pressure 
in the retort. About U in. of water is usually 
all that is given. The arrangement of the furnace 
is ealoulatcd to give as nearly as possible a uniform 
heat in the retort. 

The articles to bo barffed must bo free from 
scale and dirt. The better and smoother the finish 
before barffing, the bettor is the resultant coat of 
black oxide. 3'he castings or other artick^s under 
trc‘aiment may, if greasy, be treated with caustic 
soda ; but if free from grease this is unnecessary.^ 
To remove scale t>r dirt, they may be pickled or 
sand-bbist(‘d. The latter treatment is the better. 

Operating the Process. 'I'he retorts in 
which the work has been placed an^ heated to from 
lOUO'^ F. to 1200° F., and the steam admitted for 
about 30 minutes, and (hen about a pint of naptha 
is allowed to enter through a pipe for that jiurpose. 
Then steam is allowed to enter alone for about 
another 30 minutes, and is finally shut off. When 
the retort has cooled to about 800° F. the articles 
are removed, and, to prevent marks or imperfections 
on the surface, they are put into paraffin or other 
heavy oil while still hot. 3'hey are taken out after- 
wards, the oil is removed by immersing the articles 
in benzene, and a coating of flat lacquer or wax or 
both is given. A little polishing follows upon a 
rotary bristle brush. For coarse work, such as cast- 
iron furnace xmns, for which barffing is largely used, 
many of the refinements enumerated above are not 
practised, as this would raise the cost where cheap- 
ness is of more importance than elegance ; but 
for light hardware the jn-ocess usually employed is 
that wo have described. 

The cost of the process for largo work, such as 
furnaco pans, may be as low as from 4s. to 5s. a 
hundredweight, but for lighter and smaller articles* 
it is much higher, and may be as much as 20s. a 
hundredweight. The expense in small articles is 
because every article placed in the retort must be 
deposited so that every part of its surface may be 
subject to the action of the steam. 

The original process of barffing increased the size 
of the work, and, as the work eomd not be maohined, 
afterwards without destroying the surface produced, 
provision had to be made in preparation. 



Thd formation of hydrogen during the modified 
|irooes8 we have described seems, however, to pre- 
vent this enlargement, and machined work— screws, 
nuts, valves, and other articles — may now be mode 
to finished sizes and barfied without fear that the 
process will disturb the fitting. 

Electroplating. The principles and the 
practice of electroplating are treated in the ooui-se 
on Elbctkicity on a later page, and it is assumed 
that the reader is making himself familiar with 
the instruction given there. Space may bo spared 
here for some practical information ii])on the equip- 
ments required for various classes of work and for 
different volumes of output. 

The most common form of electroplating is a 
deposition of a deposit of nickel upon steel or iron, 
and in many plating Hhoi)S, particularly in the cycle 
trade, no other work is undertaken. We may there- 
fore consider such a shop. A plating plant, capable 
of treating up to 30 sets of cycle fittings per week, 
would include a dynamo (6 volts, 100 amj)eres) 
driven at 1,200 revolutions, and requiring IJ-liorse 
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power ; a nickel vat, 4 ft. by 2 ft. by 2 ft. deep ; a 
copper vat 30 in. by 18 in. by 18 in. deep; and a 
polishing lathe. It is never wise to purchase a 
plant that will overtake only the amount of work 
available at the moment, as in the event of 
increase of work the plant will not bo able to rise 
to the work. It is considered well that the capacity 
of the plant should be 30 to 50 per cent, higher 
than there is immed' ite occasion for. The size of 
the vats and the quantity of solution depends 
upon the quantity and size of the articles to bo 
plated. Every square foot of surface of work 
ncing plated requires 10 amperes of current, and this 
forms the guide in determining the size of the 
dynamo necessary. The dynamo should be fixed 
'.n a convenient position as close to the vats as 
possible. The grinding and polishing should never 
De done in the same shop or room as the plating. 

The Plating Plant. A complete plating 

g iant, as arranged by Messrs. Canning, of Birming- 
am, is illustrated herewith. The plating vat 
must be lined with chemically pure lead with 
burnt joints. The nickel anodes should bo pure 
cast nickel plates, having an aggregate surface 
at least equal to the surface of the work, and 
if rolled nickel plates be used at all they should 
not be more than one to four cast anode plates. 
The nickel solution is made by dissolving sulphate 
of nickel in water. The trade in this country usually 
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employ Canning's special nickel salts — a double 
sulphate of nickel and ammonium — dissolving one 
pound by weight in one gallon of clean boiling water 
in a vessel of wood, earthenware, or enamelled iron. 
The solution as it becomes itnpovorishod is brought 
to strength again by the addition of more nickel salts. 
It roust be kept neutral, and if through use it becomes 
acid, ammonia is added in small quantities to bring 
it to neutrality. The anodes are suspended in the 
tank from brass rods as seen in the illustration, 
and the articles to be plated are also suspended from 
suitable hooks or baskets. The best practice is to 
have anodes at each side of the work so that with 
three rods the centre one carries the work and the 
other two the anodes, and if five rods are used the 
centre and the side rods carry anodes. A recent 
improvement in eleotroplating plant has been in- 
troduced by Messrs. Canning and widely adopted. 
By mechanical agitation of the electrolyte the cur- 
rent density is increased, and the time taken to form 
the electro dcjjosit is reduced by as much as one half. 
•The direct result of the introduction of mechanical 
agitation is to double the 
capacity of any plant. 

Eiectro-brassing and 
Electro-coppering. The 
same process as for nickel plating 
is used in depositing any other 
metal, but the anodes used must 
bo of the rnetal it is desired to 
deposit. Thus, anodes of gold, 
platinum, silver, brass, copiicr, 
tin, or zino are used as re- 
quired. We may take as typical 
elec?tro.bra8sing, as aft<?r nickel 
plating it is the most generally 
practised. The electrolyte used 
may vary in composition, but 
the following is good (Canning) : 
Pure cyanide of {lotassium 1 lb. 
Carbonate of copper . . B oz. 
Carbonate of soda . . . . 3 oz. 

Bisulphate of soda. . . . 1 oz. 

Water 1 gal. 

In making, dissolve the cyanide of ]iotassium in 
three ejuarts of hot water, and odd the carbonate 
of copper. In a separate vessel dissolve the carbonate 
of soda and the bisulphide of soda in one quart of 
hot water. Mix the two solutions when cold and 
stir well. The electrolyte may be used either hot 
or cold; if the latter, the temperature should bo 
120° to 140° F. 

Before immersion the work must have been 
thoroughly cleaned in hot cleaning solution (hydro- 
chloric and sulphuric acid in 10 parts of water) 
and swilled, then scoured with powdered pumice- 
stone and again swilled. The full details for deposit- 
ing other metals cannot be given in this article. 
There are several good textbooks to guide the 
novice ; the “ Handbook on Electroplating,” 
published by Canning & Co., of Birmingham, may 
be recommended. 

Finishing Plate Articles. When a 
nickel-plated article leaves the electrolyte it has 
a dull- white appearance. It must be finished It 
is first rinsed in hot water and then drM. Then it 
goes to the finisher, who, with the aid of mops 
mode of felt, calico or swansdown, usually mountm 
on a polishing lathe, polishes the work, the final 
touches being given with a soft clean mop. The 
first mop is usually charged with dry Shefiield 
lime or with tripoli powder. 
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Debentures. Terms of Issue and Redemption. Income Tax 
Assessment. Exemption, Abatement, and Repayment. Super-Tax. 

THE DOUBLE-ACCOUNT SYSTEM 


W HEN a dividend is declared by a company a 
dividend account is opened and credited 
by the amount to be paid, the profit and loss 
appropriation account being debited. As the 
dividend is paid the dividend account is debited 
and cash credited. The dividend is always calcu- 
lated upon the amount paid up on the shares, 
and the forfeited shares do not participate. 

The appropriation of profit account, given 
below, and the liabilities side of the balance-sheet, 
shown on the following page, are suitable for the 
company whose opening capital entries have Ixjen 
already given and explained. There is one item in 
these liabilities which requires some explanation. 

Loans on Debentures. Limited com- 
panies frequently avail themselves of the facili- 
ties afforded by debentures to borrow money for 
the purpose of acquiring or carrying' on their 
undertakings. Debentures are of two kinds : 
(a) those which are a mere acknowledgment of 
money lent ; (h) those acknowledging a loan 
and giving a charge or mortgage upon the com- 
pany s property as security for the repayment of 
the sum advanced. Both kinds are given under 
the seat of the company, and carry interest at a 
fixed rate during the time the loan is out- 
standing. The latter class are by far the more 
numerous, and, by reason of the setmrity which 
they give, are a favourite form of investment 
witn the capitalist who is content with a smaller 
return for his money than he might look for 
from shares. They are known os mortgage 
debentures, and are the kind here dealt with. 
Debentures may be either redeemable at a fixed 
date or they may be irredeemable. 

The difference between a debenture and a 
share is of the utmost importance. The holder 
of the former is a creditor of the company for the 
amount of his loan, and is not merely an ordinary 
creditor, but one holding security for payment of 
his debt. If the company fails to pay interest on 
the due date, or if it defaults in repayment of the 


principal at the stipulated time, or is wound up, 
•the debenture-holders usually have a right to 
take possession of the property and realise it 
for the purpose of satisfying their claims. After 
they have been paid, any surplus would belong 
to the ordinary creditors of the company, and 
the shareholders would bo entitled to anything 
there might be left only after these claims have 
boon discharged. The debenture-holders, there- 
fore, come first, as secured creditors, the share- 
holders last, as proprietors of the concern. 

Issue at Premium or Discount. Invi- 
tations are often given to the public to subscribe 
for debentures in the same way as for shares — 
viz., by means of a prospectus. The procedure 
as to application and allotment is practically the 
same as in the case of shares, and the entries in 
the company’s books are very similar. The broad 
result is the debiting of cash with the amount 
received, and crediting a “ Debenture Account,” 
instead of a share capital account. A register 
of debentures is kept, which is ruled in very 
much the same way as a register of members and 
share ledger, the headings being . altered to 
correspond with the different circumstances. 
Debentures may be issued either at par, at a 
premium, or at a discount, and may be redeem- 
able either at par or at a premium. If they are 
issued at a premium, the extra amount received 
will be debited to cash and credited to a “ Pre- 
mium on Debentures Account.” The amount of 
the pi emium will represent a gain to the company, 
for there will bo no liability to the debenture- 
holders in respect of the sum paid in excess 
of the nominal amount of the debentures. The 
premium is the bonus the applicant is willing to 
pay in order to become a holder of the debentures. 
It cannot be distributed by the company by way 
of dividend, but is either treated as a reserve 
fund or used in reduction of any preliminary 
expenses the company has paid in establishing 
the business. 
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PROFiT AND LOSS 

APPROPRIATION ACCOUNT 


Cr. 

1908. 
Dec. 31 

To Interim Dividend paid 




June 30 

By net Profit from Profit 

1,458 

9 8 


on Ordinary Shares 
for half year @ 8 % 





and Loss account. . 

■ 



per annum . . 

190 

0 

0 





1907. 

„ Reserve Fund. . 

600 

0 

0 





June 30 

,, proposed dividend on 
ordinary shares for 
lialf year @ 12% per 
annum, making 10% 









for the year . . 

2«6 

0 

0 






,, balance forward • . 

481 

9 

8 







£1,468 

9 

8 



£1,468 

9 8 



— 

July 1 

By balance c/f , , 

£481 

9 8 


INCLUDIND BOOKKEEPINO & ACCOUNTANCY, PITMAN’S SHORTHAND, & TYPEWRITINO 
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If , on the other hand, the 
debentures are issued at a dis- 
count, the company will, of 
course, receive something loss 
than the full amount for which 
it will be liable to the deben- 
ture-holders, and the amount 
it loses on the transaction is 
debited to a “ Discount on 
Debentures Account.” The 
full entries are: (1) A debit 
to cash of the amount actually 
received ; (2) a debit to dis- 
count on debentures account 
of the difference between the 
amount received and the full 
amount of the dobontiires ; and 
(3) a credit to the debenture 
account of the nominal amount 
of the debentures. The deben- 
ture account will always have 
the latter amount to its credit, 
whatever the terms upon which 
the debentures have been 
issued, and this will be the 
amount of the liability under 
the head of debentures in the 
company’s balance-sheet. The 
debit on the discount account 


LIABILITIES 


Share Capital : 

Nominal Capital : 

1,00 > Ordinary Sharoa of £10 
Subsoribe#and Issued Capital : 
1,000 Shares of £10 each 
Lcitb 50 sharesTorfeited 


Called and Paid up Capital : 

050 Shares at £5 per share 
Forfeited Shares ; 

50 Shares £6 called up 
Less Calls in arrear thereon 

Five per Cent. Mortgage Debentures : 

50 Ronds of £I0J each 
Sundry Creditors : 

On Bills Payable . . 

,, Open Accounts. . 

Reserve Fund 

Profit and Loss Account : 

Not Profit for Year. . 

Lean Interim Dividend 19() O 0 
Transfer to Reserve 

Fund 600 0 O 


10,00) 

0 

0 

500 

0 

0 

0,500 

0 

0 

2.50 

0 

0 

100 

0 

0 

430 

10 

6 

1,661 

8 

5 

1,456 


8 

600 

0 

0 


2,081 18 11 I 
500 0 0 


760 9 8 

£13,218 8 7 


must be wiitten oil to profit and loss account by received, the total amount credited as paid on 
the time the debentures become redeemable. the shares not issued for cash, the amount of 


Redemption of Debentures. When 
debentures are rcdeomablo at a fixed date it is 
necessary for the company to make xjrovision for 
paying them off when the time arrives — ^unless it 
is in a position to re-borrow the money on 
favourable terms. One method of doing this is 
for a sinking fund to be created in the manner 
previously described in connection- with a 
wasting asset, so that the company’s re- 
sources shall be equal to the demand when the 
time arrives for payment. If the debenturea are 
repayable at a premium, care must be taken that 
the instalments set aside and invested periodic- 
ally are sufficient to accumulate enough to pay 
both principal and premium. Other methods of 
prc'viding for the payment of redeemable deben- 
tures are; (1) The nurchase of debentures on 
the market if the price is favourable ; or (2) the 
taking out of a policy of insurance for an amount 
sufficient to repay the debentures at the duo date. 
Under the latter method the amount of the pre- 
iuium would represent the sinking fund instal- 
f there would bo no risk of loss from the 
UJpreciation of the sinking fund investments, 
and the company would bo saved the trouble of 
periodically investing the instalments and the 
accruing interest. 

Annual Summary of Capital. Every 
limited company having its capital divided into 
shares is required to furnish each year a sum- 
mary of its capital and return of its members in a 
form prescribed by the Board of Trade. The 
. partioulars comprise the nominal capital and how 
it is divided, the number of shares taken up — 
, ^tinguishing between those issued credited as 
fully paid, and those to be paid in cash-— the 
amount per share called up; and' the total sum 


unpaid calls, and the amount received on for- 
feited shares. The summary must give the 
amount of debt due by the company in respect of 
debentures and floating charges on its property. 
The name, address, description, and sharo 
holding of eacfii member must bo given in detail, 
as well as a list of the directors. 

Besides companies limited by shares, there is 
a class of company in which the members do not 
contribute the capital during the company’s 
existence. This kind of company is useful in 
concerns of a non-trading character, such as 
professional societies and cliambers of commerce, 
where incorporation is desirable but no working 
capital is required. Those companies are said to 
be limited by guarantee, because the members 
guarantee to subscribe a certain limited amount 
for the purpose of paying the debts if the com- 
pany be wound-up. There is no peculiarity in 
the accounts of these companies calling for notice 
in this chapter. 

Double-account System. In addition to 
companies incorporated under the Companies 
Consolidation Act, many companies are brought 
into existence by special Act of Parliament. 
Those companies are, as a rule, formed for the 
purpose of carrying out works of a publio nature 
such as railways, gas and water works, canals, 
electric light and powbr undertakings, etc. For 
such companies a special s^tem of accounts has 
been laid down, which is known as the double- 
account system. It must not be supposed by 
the reader that this is another name for the 
double-entry system. All our accounts so far 
have been upon double-entry principles, and the 
double -account system is merely an adaptation 
of those principles for the .'purpose of showing 
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clearly a certain set of facts. It has been suffi- 
cient hitherto to state the whole position of a 
firm or company in a single statement called a 
bcdance-sheet, which includes the whole of the 
assets and liabilities of the concern of whatever 
sort or kind. Accounts kept on those lines are 
said to be kept on the single-account system, 
since one account shows the whole position, but 
this* must not be confused with the so-called 
“ system ” of single entry. 

IVom the nature of the companies named 
above it will be seen that their objects arc the 
construction or acquisition of particular works 
which, when acquired or constructed, will be 
used for the purpose of earning revenue for the 
proprietors. They trade in a sense, but not by 
buying a commodity at one price and selling 
at another. 

Capital Account. The particular object 
of the double-account system is to show clearly 
the amount of capital that has been raised for 


the purpose of the undertaking and how that 
amount has been ex{)ended upon purchasing 
or constructing the fixed assets — i.e., the property 
which will, subject to wear and tear and depre- 
ciation, always exist for the purpose of earning 
revenue. With this object a statement is pre- 
pared in tabular form showing the character 
of the capital raised and the manner in which 
it ha.s been applied. The above is a specimen 
of such a statement in the case of a gas company, 
and will enable the reader to see how the object 
of the system is attained. 

Only the balance of this account is carried 
into the company’s general balance-sheet, which 
also shows, on the liabilities side, the amount 
to the credit of the profit and loss account, the 
reserve fund, the depreciation fund (which will 
be e^lained later), and the general floating 
liabilities of the company. On the assets side 
appear the floating assets of the concern, such 
casli in hand and at the bank» the stocks of 
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coals, coke, tar, and other products, debts due 
from persons to whom gas, coke, etc., have been 
supplied, and any other assets, other than the 
fixed assets, whicb the company may possess. 

Revenue Account. A detailed revenue 
account is prepared showing on the one side the 
income arising from (1) sales of gas ; (2) sales of 
residual products, such as coke, tar and breeze ; 
(3) rents ; (4) other items, such as fittings, 
discounts, etc. On the debit side appear the 
various expenses under the heads of (1) manu- 
facture of gas, including materials, waees, 
repaiij}, etc. ; (2) distribution of gas, inclumng 
salaries, repairs of mains, pipes, and meters ; 
(3) rent, rates and taxes ; (4) management 

expenses and, lastly, miscellaneous items. 

The effect of this arrangement of the capital 
account and the general balance-sheet is that 
it is necessary to examine both those statements 
in order to obtain full information as to the 
assets and liabilities of the concern. Another 


result of preparing accounts on this system is 
that the fixed capital assets are shown at cost 
in the published statements instead of at their 
actual values. Any repairs and renewals are 
made out of current revenue and not out of 
capital moneys, while any extensions and addi- 
tions are properly provid^ out of money raised 
for the purpose and charged as capital outlay 
in the capital account, as shown above. 

Depreciation Fund. Although the fixed 
assets are set out in the capital account at cost, 
proper provision is made for wear and tear 
and depreciation by an amount being charged 
annually in the profit and loss account in uiia 
respect. The amount is not written off the 
book value of the assets but is carried to the 
credit of a special account entitled Deprecia- 
tion Fund Account,” or some other equally 
distinguishing title, and included in the general 
balance-sheet under that head. The effect is 
that, taking the capital account and the general 
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THE OLDTOWN GAS COMPANY, LIMITED. 
Capital Account for the Year ended 30th June, 190r». 



Cr. 


Kxpoiidi- 
ture to 
30th Juti«. 
Iit04. 

Kx{>oiidc<l 
during the 
Year. 

Total to 
30th Juiip, 
1905. 


UrueipiM to 
30ih Junv, 
1934. 

RpceivMl 
during tho 
Year. 

Total 

Rflcvipts to 
30th June, 
1905. 

To Expenditure to 80th June, 
1904 

,, Lands acquired .. 

„ New BuildingH, Manufacs 
tilling Plant, Machines, 
Storage Works, an<l 
other structures con> 
nected with manufac- 
ture, 

„ New Mains and Service 
Pities (not in place of 
ola ones), incliuling lay- 
ing same, paving, and 
other works coiincotetl 
with dUtribution 
„ New Meters (not in place 
of old ones) 

249,b«7 

6,826 • 

4,7M 

r>3(> 

249,867 

12,116 

By Ordinary Shares of £5 

each 

„ 2nd Preference Sharers 
of £6 each 

„ l8t Preference Shares 
of £10 each 
,, Debenture Stock 

fi0,000 

40.000 

50.000 
120,000 

10,000 

10,000 

60,000 

50.000 

60.000 
120,000 

Total Expenditure 

„ Balance of Capital Account (carried to Cencral 
Balance Sheet) 

261,983 


2(50,000 

I 20,000 

280,000 

18,017 








j £280,000 




£280,000 
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balance-sheet as a whole, the position of the 
company is accurately stated; as, although 
the assets are shown at more than their actual 
value, this is rectified by the inclusion on the 
liabilities side. of the amount of the deprecia- 
tion which has taken place and which Would, 
in accounts kept on ordinary single - account 
(not single entry) lines, bo deducted from the 
assets on the other side of the balance-sheet. 

Fixed and Floating Lriabilltiea. 
Attention has already been directed to the 
fact that the assets may be divided into two 
classes — viz,^ fixed and floating assets. The 
separation of the capital account from the 
general balance-sheet, which takes place under 
the double-account system, emphasises the fact 
and further makes it clear that a similar division 
may be made in the case of the liabilities, those 
of a fixed nature being the share capital of the 
concern and loans on debentures or mortgages, 
while the floating liabilities are those to creditors 
supplying stores, materials, etc., or for unpaid 
dividends or interest, the indebtedness to whom 
is discharged practically immediately. 

It may be stated that the broad principle 
of the double-account system is the division of 
the assets and liabilities into two classes — fixed 
and floating — the former being included in the 
capital account, the latter in the general balance- 
sheet. 

Capital and Revenue. A further point 
to which attention is called by the double-account 
system is one not specifically dealt with hitherto ; 
that is, the distinction between capital and 
revenue items. The receipts of a business are 
generally of such a nature that their classifica- 
tion is an easy matter, and the distinction is 
quite apparent ; but in the event of there being 
a doubt as to the nature of a i)articular item, it 
must bo carefully examined, and credit must 
not bo tak(Mi for it as income unless it is clear 
that it can fairly be regarded as revenue of the 
concern. The question whether an amount 
should be treated as revenue or capital usually 
arises in connection with expenditure. TJio prin- 
ciples upon which a decision should bo come 
to are quite clear, but their application is some- 
times a matter of s(>me doubt. The broad rule is 
that expenditure on the acquisition or con- 
struction of proi>erty which is to be used to earn 
revenue, or expenditure which adds to the value 
of property already acquired, is capital expendi- 
ture, apd may be debited to an asset account, 
while outlay, such as repairs and renewals, 
which merely maintains property at its book 
value cannot be so treated, but must be regarded 
as an expense of carrying on the business. The 
question frequently arises in connection with 
the, purchase of new plant or machinery which 
may be either wholly or in part in replacement 
of old assets of the same nature. So far as the 
new plant, etc., is in replacement of something 
already standing in the books as an asset, the 
cost must be treated as a revenue charge and 
debited to the profit and loss, account ; but if 
any part of the expenditure is upon additional 
plant which will increase the actual value 
beyond the amount appearing in the books, 


the proper course is to debit such increase to 
the asset account, and not allow the charge to 
fall against revenue. 

With regard to amounts received, any doubts 
concerning their nature will probably arise in 
connection with the sale of part of an asset. 
For instance, a patent may be standing in the 
books of a concern at its cost of £500. A half- 
share is sold for £1000. There are at lecast three 
ways of dealing with this transaction. One is to 
write off . the whole cost of the patent and treat 
only £500 of the sale price as profit. The second 
is to retain the remaining half at its present 
value of £250, and treat £750 of the price as 
profit. The third method would be to treat the 
second half as worth as much as the first had 
sold for, and increase its value in the books accord- 
ingly. The result under this method is that 
credit is taken for the whole £1000 received for 
the half -share, and for a further £500 in respect 
of the increased value of the remaining half. This 
is not desirable, and the fairest basis is the 
second method. 

Income Tax. A matter that is a cause of 
some worry and annoyance to a trader or 'to the 
secretary of a trading company is the annual 
return to be made for income tax purposes. 
Income tax is a charge levied annually upon 
net profits derived from sources in the United 
Kingdom or paid to residents therein. It is 
intended to be charged on income from all 
sources, and the various kinds of income are 
classified under schedules distinguished by 
letters of the alphabet. Thus, Schedule A 
relates to income derived from the ownership 
of land and buildings, and is borne by the 
owner, although paid in the first instance V>y the 
occupier. It is known as the property or land- 
lord’s tax, and when collected by the authorities 
from a tenant may be deducted by him from 
his next payment of rent. Schedule B is borne 
by the occupier and relates to the income from 
farms, etc. Schedule C has reference to income 
from public funds, and is generally deducted 
before the income is paid to the recipient. 
Schedule E relates to salaries and emoluments, 
paid to persons in the enqiloy of the State, 
public bodies, companies, etc. Schedule D is 
the important schedule from the point of view 
of accounts, since it relates to the profits arising 
from the carrying on of trade, manufacture, 
and business generally. The rate of the tax 
for each schedule is so much in the pound, and 
is fixed annually by the Finance Act. The 
amount of tax payable depends upon the amount 
which has been fixed by the surveyor of taxes 
as the income of the trader for a particular 
year.^ The amount of income is fixed, or, 
os it is termed, assessed, upon the basis of a 
return which has to be made each year in or 
about the month of June. The tax is payable 
amiually on January Ist, and is in re8i)ect of 
the year ending on April 6th following. 

Aasejftsment under Schedule D. In 
the spring of each year a form is sent by 
the Ic^al assessor to persons and firms in his 
district requiring them to make a return of 
their income for purposes of assessment. When 
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retilming the form the trader has to make 
declaration that the amount stated as liable 
to tax is correct. The penalty for making a 
false return is £50 and treble the duty chargeable. 
The amount returned is based upon the average 
of the three complete years preceding the year 
of assessment. Thus, in making a return for 
the year 1906-7 — f.e., ending on April 5th, 1907, 
a trader whose l)ooks are balanced on June 
30th in each year would base his return upon 
his profits for the years ending June 30th, lf)03, 
1904, and 1905 resj^ctively. Where a business 
hsLS not been carried on for as long as three 
years, the return will be based upon the period 
during which the business has been established. 

Towards the end of the year the surveyor 
issues the notices of assessment. They are sent 
to all affected persons in his district whether they 
have made returns or not. If the amount at 
which the trader is assessed agrees with the 
amount he returned, he need take no steps, but 
will wait until he receives a demand for payment, 
about December, and then pay the tax. If, 
however, the assehsmeiit exceeds the amount 
on which he considers he should be called upon 


to pay, he must take steps to appeal to the 
income tax commissioners. To do this with 
any hope of success he must be prepared with 
accounts substantiating his contention as to the 
proper amount of his income, and he should also 
be ready to produoo his books if required ; fori 
although their production cannot be enforced 
by the commissioners, a refusal will probably 
result in the surveyor’s assessment being up- 
held. The return originally sent in should, 
of course, have been made from accounts pre- 
pared for the purpose, and if that was the method 
adopted those accounts should be forwarded to 
the surveyor. It may be that he will be satisfied 
with the production of the accounts. If he is, 
no further attendance will be necessary, for 
he will arrange with the commissioners for a 
reduction of the assessment. 

Accounts for Surveyor. It is obvious 
that a trader will be well repaid for the care- 
ful preparation of his accounts for income tax 
returns at the outset. In order that the accounts 
shall be prepared upon a proper basis it is 
necessary that he should know which items in 
the nature of expenses will be allowed to bo 


The profits of John Smith, an ironmonger, as shown in his books, were, for the year 1903, £863 ; | 

1904, £210; 1905, 

£587. 





1 Before arriving at these profits the following items had been charged 

1903 

1904 

1905 

or credited in his profit and loss accounts: 




£ 

£ 

£ 

Interest on capital . . 




260 

260 

270 

Interest on mortgage of freehold premises 




90 

90 

90 

Bad debts 




60 

300 

70 

Salaries and wages . . 




720 

801) 

780 





76 

80 

80 

Bank oharges and interest on overdraft 




30 

29 

31 

Repairs of machinery and preinisea 




fO 

120 

20 

Depreciation of plant and inaclunery 




76 

70 

66 

Depreciation of freehold promises 




60 

48 

46 

Proprietor’s salary . 




260 

260 

260 

Income Tax, Schedule D . . . . . • . 




4S 

46 

38 

Carriage and packing 




30 

28 

30 

Rents from two houses belonging to lain 




66 

66 

55 

General trade expenses 




1)0 

120 

80 

Income Tax, Schedule A, @ Is. in the £ on freehold preinLscs 


10 

10 

10 

The amount upon which he should bo assessed under Schedule D 




for the year 1906-7 is itrnved at As follows; 






Profits os shown m books . . 


• • • 

. • • 

863 

210 

687 

Ad^ . . 







1 Items charged but not allowed for income tax puiposcs ; 





Interest on capital 


. . • 


250 

260 

270 

Interest on mortgage . . . . . . » 




90 

90 

90 

Depreciation of freehold promises . . , 


. . 


50 

48 

46 

DeprtHuatioii of plant and machinery 


« . 


76 

70 

66 

Proprietor’s salary . . , . . . . • 


. . 


260 

260 

250 

Income Tux, Schedule D 


• « * 

• .• 

* 48 

46 

38 

.Incohio Tax, Schedule A 


.. 


10 

! 10 

)0 





ni,636”' 

! 983 

1,356 


1003. 

1904. 

1905. 




Deduct • 

£ 

£ 

£ 




Amount of assessment of freehold premises . . 

200 

200 

200 




Rents of houses (not arising from trading) . . 


55 

65 




Wear and tear of plant and machinery (say) 

60 

52 

54 




Premiums paid for life insurance (not shown 







m books of business) 

70 

70 

70 

376 

377 

379 





1 £1,261 

606 

977 

£1,261 + £606 + £977 » £2,844. Average liable to tax £048. 
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deducted from his trading profits and which 
will not, for some of the charges properly made 
by a trader when preparing his profit and loss 
account and arriving at his net profit are not 
allowed to be charg^ for income tax purposes. 
On the other hand, there are a few items of 
profit or income which a trader need not bring in 
to his account for those purposes. Speaking 
generally, all charges and expenses necessarily 
incurred in earning the income of a concern are 
allowed, but nothing else. 

The following are some of the principal items 
not allowed to be deducted from gross profits 
in arriving at the taxable income : 1. Losses 
not arising from trading. 2. Interest on capital. 
3. Partners’ salaries. 4. Interest on loans. 
6. Ground rent. fi. Depreciation of land, 
buildings, leases, patents. 7. Income tax. 
8. Reserve and sinking funds. Tax should be 
deducted from items of the nature of 4 and 5 
when paying the amounts, the effect thus being 
that the tax is actually borne by the recipient 
of the payment. 

Items to be Deducted from Gross 
Profits. The following items, in addition to 
the usual trade charges^ are allowed : 1. If the 
premises are the freehold of the trader and, 
therefore, no rent is paid, ho is, nevertheless, 
allowoil to debit the amount of the assessment, 
the reason being that he has already been chargecl 
tax under the head of Schedule A. 2. Repairs 
as distinct from^idditions. 3. Estimated doubt; 
ful debts. 4. Life insurance premiums up to 
one-sixth of income. 5. Loss of stock by fire, 
after taking into account compensation received 
from an insurance company. 6. Bank interest 
and charges, because the banker pays the tax. 
With regard to rent of the tratle premises, when 
they are not his own, he is allowed to charge 
the amount of the net assessment under 
Schedule A whether it is in excess of the rent 
actually paid or not. 

Wear and tear of plant and machinery is 
also allowed, and the rate of allowance is in the 
discretion of the surveyor. It has already been 
pointed out that “ depreciation ” and “ wear 
and tear ” are not synonymous terms, and this 
must bo remember^>d for income tax purposes, 
as only the latter is allowed. It must be borne 
in mind that the items enumerated are not 
the only charges that are allowetl. They have 
been specially mentioned because of their 
slightly exceptional character, but all losses and 
expenses necessarily incurred in carrying on the 
business may, in ordinary circumstances, be 
charged under the heading of allowances. 

Exemption and Abatement. Two 
further points should be mentioned before 
proceeding to give an illustration of the making 
of a return in a concrete case, {a) the tax is a 
personal one, and (6) it is levied as far as possible 
at the source of the income. Point (a) is of im- 
portance in the case of a partnership, for certain 
exemptions and abatements are . allowed in 
lespect of incomes under £700 per annum. No 
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tax is payable on incomes below £160. An abate- 
ment of £160 is allowed on incomes between 
£160 and £400 ; that is, a person with an income 
of £360 would only be required to pay tax on 
£190. An abatement of £150 is allowed between 
£400 and £600 ; an abatement of £120 is allowed 
between £500 and £600 ; an abatement of £70 
is allowed between £600 and £700. Persons 
with incomes over £700 per annum pay tax on 
the full amount. As the tax is personal, partners 
in a firm have the right to be stq)arately assessed. 
Therefore, in tho case of a partnership where the 
net profits are £12(X) per annum, and there arc 
three partners sharing equally, they will be en- 
titled to be assessed on an income of £400 each, 
and so entitled to an abatement of £160 each. 

Repayment. With regard to the second 
point, as the tax is levied at the source of the 
income, limited companies earning profitsr are 
charged upon tho full amount thereof, no abate- 
ment being allowed to them. It frequently 
happens, therefore, that a person who receives 
his income from investments in stocks and 
shares, and whose total income is such as to 
entitle him to exemption or abatement, is in the 
position of having had tax deducted before his 
income reached him. In such a case, and, in 
fact, in any instance where tax has been wrongly 
paid or deducted, a claim for repayment must 
be made to the surveyor. 

The Finance Acts of 1907 and 1909. 
An important concession to the commercial 
community, and to every taxpayer whoso 
income is “ earned,” was made by the Finance 
Act, 1907. That Act provides for a differentiation 
between earned and unearned incomes, and tax 
is payable at a lower rate on the former than on 
tho latter. Thus, for the year ended April 5, 
1914, the rate for earned incomes is 9d. in the £, 
but for unearned incomes it is Is. 2d. Any person 
desiring to bo taxed at the lower rate must make 
a claim for differentiation before September 30 
in each year. Tho lower rate is only allowed in 
cases where the total income does not exceed 
£2000, and is only aUowotl in respect of the 
earned portion of the income. A further relief 
is given under the Finance Act of 1909 to persons 
whose total income is less than £500. They are 
entitled to a deduction of £10 from their assess- 
ment for each child under sixteen years of age. 

As against the reliefs granted by the Aetp of 
19f)7 and 1909, the latter Act imposed a super- 
tax of 6d. in the £ on persons whose incomes 
exceed £6000. This additional tax is payable on 
that part of the income which exceeds £3000, so 
that a person whose income is £5500 pays at 
the rate of Is. 2d. on the whole of it, and an 
additional 6d. in the £ on £2500. 

When working examination papers which 
require tho amount of the tax payable to be 
stated, candidates must be careful to take into 
consideration tho differentiation between earned 
and unearned incomes, and also the question of 
super-tax when the income of any individual 
exceeds £6000. J. F. G. PRICE 


A Special Dictionary explaining Commereial Terms and Phrnsea appears at the end 
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GROUP 25-MATHEMATICS^ ’ THE BASE OF ALL THE SCiENCES-CHAPTER 15 

Clock Problems. Time and Work. Miscellaneous Problems* 

Duodecimals. Conversion of Ordinary info Duodecimal Measttces* 

MISCELLANEOUS PROBLEMS 


. CLOCK PROBLEMS 

168. Consider the motion of the hands of a 
clock. In one hour’s time the long hand goes 
completely round the dial — i.e., passes over 
sixty minute-spaces, while the short hand only 
passes over five minute-spaces. Thus the long 
nand passes over 60-5, t.c., 55 more spaces 
in an hour than the short hand does. 

Example 1. At what time between 1 and 2 
o’clock are the hands of a clock directly opposite 
one another ? 

At 1 o’clock the long hand is 6 minutes 
behind the short hand. When the hands are 
opposite, the long hand will be 30 minutes ahead 
of the short hand. 

Therefore, the long hand must gain 5 + 30 
— 35 spaces on the short hand. But it gains 
55 spaces in 60 ■ minutes. Hence wo have the 
proportion 

65 ; 35 * * 60 minutes ; required time. 

Therefore, Time 
7 

=•52^2^ = = 38i"r nain. past 1 A^is. 

11 

11 


Example 2. When will the hands be at right 
angles, between 4 and 5 o’clock ? 

At 4 o’clock the long hand is 20 minutes behind 
the short hand. When the hands arc at right 
angles, it must either bo 15 minutes behind 
the short hand, or 15 minutes ahead. There- 
fore it must either gain 20 - 15 or 20 15 

minutes, «.6.. 5 or 35 minutes. As in Example 1, 
we find that to gain 5 minutes, it t&kes 
«0x5_. 60 


55 


mm. : 


11 


mm. 


And, since 7x6— 35, it will take 7 x SA 
minutes, or minutes to gain 35. 

Thus, the required times are 5 A- minutes past 
4 and 38|^f minutes past 4 Ans. ^ 

Other forms of clock questions, such as at 
what time, between two stated hours, are the 
hands coincident,” or “at what time are tliey 
any stated number of minutes apart,” are worked 
in the same way. 

169. Questions involving two clocks are 
generally simple applications of the principle 
of Art. 165. 

Example. Two clocks show the correct time 
at 9 a.m. on August 12. The one loses 8 seconds, 
and the other gains 12, in 24 hours. When will 
one clock be 5 minutes ahead of the other, and 
what time will each clock then show ? 

At the end of 24 hours the clocks are 8 12 

= 20 seconds apart. Therefore, they will 6 
V minutes, or 300 seconds apart after x 24 
hours, i.e., 15 days. 

Thus, one. is 5 minutes ahead of the other at 


9 a.m. on August 27. Also, in t5 days the first 
clock loses 16 X 8 seconds = 120 seconds — 
2 minutes, so that at 9 a.m. on August 27 this 
clock points to 8.58. The other clock is 5 
minutes ahead of this — i.e., at 9.3. 

TIME AND WORK 

170. The fundamental principle here is 
Work done per day x Number of days == Total 
to be done. 

Example 1. A can do a piece of work in 6 
days which B could do in 8 days. How long 
will they take over it if they both work together ? 
Find the amount done per day, thus : ’ 

A does the whole piece in 6 days. 

Therefore, A does ^ of the piece in 1 day. 
Similarly, B does | of the piece in 1 day. 
Therefore, working together, they do J + J of 
4-1-3 7 

the piece in 1 day = of fir© piece in 

1 day. 

Hence, they do in ^ of a day, and there- 
fore f or the whole piece, in days, i.e., 
3? days Ans. 

Example 2. A bath which fields 21 gallons 
can bo filled by the cold water tap in 6 minutes, 
and by the hot water tap in 7. The waste-pipe 
can empty it in 3 minutes. If the bath is filled, 
and then all three pipes are opened, how much 
water will be left in the bath at the end of half 
an hour ? 

The waste-pipe empties the bath in 3 minutes. 
Therefore, it empties J of it in 1 minute. 
Similarly, the cold-water tap fills ,1 in 1 minute, 
and the hot-water tap fills f in 1 minute. 

Therefore, when all three are open J - J - 7 is 

emptied in 1 minute, i.e., ^ is 

42 42 

emptied in 1 minute. 

Hence, after half an hour, 30 x ^ or f of the 
bath is emptied. 

Therefore, there remains in the bath (1-^) 
of 21 gallons = ^ of 21 — 6 gallons Ans. 

Example 8. A and B agree to do a piece of 
work for 308. A could do the work alone in 6 
days, and B could do it alone in 6 days. But, 
with the help of C, they finish the work in 2 days. 
How should the money bo divided ? 

A can do t of the work in 1 day, so that in the 

2 days which they work he does 
Similarly, B does J, or } of the work. 

Hence, C does the remainder — viz., 1 - f - J of 

the work = ^ of the work. 

Therefore, 

A should have J of 30s. == 12s. 

B should have J of 30s. = 10s. f 
C should have the remaining 8s. J 
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EXAMPLES 20 

1. A starts 3 minutes after B for a place 4| 
miles distant. B, on reaching his destination, 
immediately returns, and, after walking a mile, 
meets A. If A's rate is 1 mile in 18 minutes, 
how many miles an hour does B walk ? 

2. A train passed a station 40 miles away 2 
minutes late. If it had travelled at 60 miles an 
hour, it would have been 10 minutes late. Find 
the rate of the train. 

8. A man rows J mile up-stream in half an 
hour. If there had been no current he would 
only have taken a quarter of an hour. How 
long will he take to row back again ? 

4. A man drives to a certain town at 8 miles 
an hour. He returns by a road 2 miles longer, 
at 10 miles an hour. The return journey takes 
12 minutes less than the outward journey. How 
long, is each road ? 

6. A person standing on a railway platform, 
which was 88 yards long, noticed that a train 
took 9 seconds in passing him, and took 21 
seconds in passing through the station. How 
long was the train, and at what rate was it 
travelling ? 

6. A man travelling 9 miles per hour is 
followed, 4 minutes later, by a man travelling 
10 miles an hour. When and where will the 
second man overtake the first ? 

7. A walks from one town to another at 
4 miles an hour. At the halfway, he is over- 
taken by B, who walks 5 miles an hour. A now 
quickens to B’s rate and finds that he arrives 
at his destination 15 minutes earlier in eon- 
sequence. How far is it between the two 
towns ? 

8 . There arc two candles, P and Q, one of 
them 1 inch longer than the other, P is lighted 
at 4.30, and Q at 6 o'clock. At 8,30 they are 
both the same length. P burns out at 10.30 
and Q* at 1 0. What were the original lengths ? 

9. A and B do a piece of work in a certain 
time. If each had done half the work, A would 
have had to work one day less, and B two days 
more, than they actually did work. How long 
did they take, when they worked together ? 

10. At noon on Monday a clock is 2 minutes 
fast, and at 8 a.m. on the following Wednesday 
it is 1 minute slow. When was it right ? 

11. At what time between 5 o’clock and 5.30 
are the hands of a watch 14 minutes apart ? 

12. I row against a stream flowing miles per 
hour to a certain point, and then turn back, 
stopping 2 miles short of my original starting- 
place. If the whole time occupied is 2 hr. 10 
min., and in still water I row 4^ miles per hour, 
how far up-stream did I go ? 

18. A hare is 60 of her own leaps in front of a 
greyhound, and takes 3 leaps while the hound 
takes 2. But the hound goes as far in 3 leaps 
as the hare does in 7. In how many leaps will 
he catch the hare ? 

14. Two cyclists start to meet each other. 
One rode 2 miles an hour faster than the other, 
and they met in hours. If each had travelled 


2 miles per hour faster than he did, they would 
have met in IJ hours. Find the distance 
between the starting-places. 

MISCELLANEOUS EXAMPLES 


171. The following are types of examples 
which occur frequently. 

Example 1. In what proportion must tea 
at Is. 6a. per lb. be mixed with tea at 2s. 4d. 
per lb. in order that the mixture may be worth 
Is. 9d. per lb. ? 

1 lb. of the cheaper tea is worth 3d. less than 
1 lb. of the mixture. 

1 lb. of the dearer tea is worth 7d. more than 
1 lb. of the mixture. 

Hence, 7 lb. of the cheaper tea must be mixed 
with 3 lb. of the dearer tea. For 7 lb. of the 
cheaper will be worth 7 x 3d. -- 2 Id., less than 
7 lb. of the mixture, and 3 lb. of the dearer will 
be worth 3 x 7d. = 2 Id. more than 3 Ib. of the 
mixture ; so that, together, they have the same 
value as 10 lb. of the mixture. 

The required proportion is therefore 7 ; 3 Ans. 


Example 2. A man distributed £l 168. lOd. 
amongst 85 children ; each girl received 4d. 
and each boy 6d. How many girls were there ? 

If each cnild received 4d., tho man would 
spend 85 x 4d. = £l 88. 4d. This is 8s. 6d. 
too little. 

If ea(5h received 6d., he would spend 85 x 6d. 
= £2 2s. 6d., which is 58. 8d. too much. 

Hence, 

No. of girls : No. of boyjs ; *, Ss. 8d : 8s. 6d. 

: : 68 : 102 
Therefore, the number of girls 


68 

68 + 102 


of 85 = of 85 — ,34 Ans, 

5 


A question of this sort, however, need not be 
treated as a “ mixture ” problem. For, after 
each child has received 4d., the man is left with 
88. 6d., which he uses to give an extra 2d. to 
each boy. Now, Ss. ^d. contains 51 twopences. 
Hence, there are 61 boys, and therefore 85-61, 
or 34 girls. 

Exajgaple 3. A person has to buy a certain 
number of oranges for a certain sum of money. 

he buys at the rat-c of 3 a penny, he spends 8d. 
too much, and at the rate of 4 a penny ho spends 
Is. too little. Find the sum of money. 

At the first rate an orange costs ^d. 

At the second rate an orange costs Jd. 

The difference — ^ J = ^d. 

Hence, by paying ^d. less for each orange, 
he reduces the total cost by 8d. -f Is., or 20d. 

Therefore, the number of oranges = 20d. -f- Ad. 
= 240. 

Now 240 oranges at 4 a Id. cost 60d., or 6 b., 
and this is Is. less than the sum he has to spend 
Thus, the required sum is Os, Ana. 

We have the same 'principle in the following : 

A man walks to the station at 4 miles an hour 
and arrives 5 minutes late. Had he walked at 
6 miles an hour he would have been 4 minutes 
too early. How far is it to the station ? 

Tho first rate is 1 mile in 16 minutes, and the 
second is 1 mile In 12 minutes. Thus, by taking 
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3 minutes less over each mile, he takes 9 minutes 
less for the whole distance. The distance is 
therefore 9 -s- 3, or 3 miles. 


Example 4. A mixture of 280 gallons of spirit 
and water contains 70 per cent of spirit. How 
much spirit must be added in order to raise the 
proportion to 84 per cent. ? 

Amount of water in the mixture = 30 per cent, 
of 280 gallons - 84 gallons. 

After more spirit has been added, this 84 
gallons of water forms (100 - 84) or 16 per cent, 
of the mixture. Hence, the total amount of 
mixture will then be of 84 gallons, 

525 gallons. 

Therefore, the amount of spirit to bo 
= 525 - 280 = 245 gallons Ans. 

Example 6. I look at my watch^ between 5 and 

6 o'clock. On looking again between 6 and 7 
o'clock I find that the hands have exactly 
changed places. What was the time when 1 
first looked ? 

In a question of this sort, the chief point is to 
find what distance the hands are apart. Once 
this distance is known, the rest of the problem 
is worked in the same way a^ already explained 
in Art. 168. 

We know that the long hand moves through 
60 minute-spaces while the short hand moves 
through 5 — i.c., in any given interval, the long 
hand moves through 12 times the distance 
through which the short hand moves. 

Now, in the above problem, the distance 
throughjurhich the short band moves is equal 
to the instance between the hands. The long 
hand, therefore, moves through 12 times this 
distance. Hence, if the long hand had moved 
on into the position now occupied by the short 
hand, it would have moved through 12-4- 1, or 
13 times the distance between the hands. But 
the long hand has now moved from a certain 
position which it occupied between 5 and 6 
o'clock into the same po^ntion between 6 and 

7 o’clock, ».c., through 60 minute-spaces. 

Therefore, 60 minutes =13 times the distance 

between the hands ; so that the distance between 
them is of 60 minutes, or 4 A minutes. 

We have now, by the metnod of Art. 168, 
to find “ at "what time between 5 and 6 o’clock 
is the long jiAud 4)^j minutes ahead of the short 
hand ? ” 

At 5 o’clock the long hand is 25 minutes 
behind the other. It has therefore to gain 
25 -4- 4i^.j, or 29^®^ minutes. 


Hence, 

55 : 29^®jj \ \ 60 minutes : reqd. time. ’ 
Therefore, 

12 35 

Reqd, time = ^20 

^ 13x^1^ 13 

= 32i^ minutes past 5 Ana, 

DUODECIMALS 


172. In finding the area of a rectangle by the 
method of Art. 158, or the volume of a reot* 
angular solid by that of Art. 168,* it is necessary 
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to express every dimension in terms of the same 
unit. We have to reduce every dimension to 
yards, or to feet, or to inches, before working 
the multiplication. This, however, need not 
bo done if we adopt the method of DuodecirmU, 
The foot is the unit of the system. The unit is 
divided as follows. 

A linear 'prime is one-twelfth of a foot. 

A superficial prime is one- twelfth of a square 
foot. 

A cubic prime is one- twelfth of a cubic foot. 
A second, linear, superficial, or cubic, is one- 
twelfth of the corresponding prime. 

A third is ono-twclfth of a second, and so on. 

A prime, whether linear, superficial, or cubic, 
is denoted by 1^ Similarly, a second is denoted 
by 1", a third by V\ 

178. It is clear from the definitions that 
(i.) A linear prime = ^ ft. = 1 in. 

A linear second = ^ in. 

(ii.) A superficial prime ^ sq. ft. = 12sq. in. 

A superficial second = of 12 sq. in. 
= 1 sq. in. 

A superficial third = sq, in. 

(iii.) A cubic prime = ^ cufiic ft. = 144 cubic 
in. 

A cubic second = ^ of 144 cubic in. 
= 12 cubic in. 

A cubic third = of 12 cubic in. = 1 
cubic in. 


Wo can thus convert duodecimal measures 
into ordinary measures. For example, 

5 ft. 3' 7^^ -= 5 ft. 3fji' = 5 ft. 3i^- in. 

7 sq. ft. 5' d" — 7 sq. ft. (60 + 9)“sq. in. = 7 sq. 
ft. 69 sq. in. 

4 cubic ft. 3' 8^ 5"' = 4 cubic ft (432+ 96 
+ 5) cubic in. = 4 cubic ft. 533 cubic in. 

Similarly, we can convert ordinary measure 
into duodecimals. 

4 yd. 1 ft. 3J in. = 13 ft. in. = 13 ft. 3' 3^ 
2 sq. yd. 5 sq. ft. 98 sq. in. 

s= 23 sq. ft. + 55--^ sq. ft. 


== 23 sq. ft. + sq. ft. + ~ sq. ft, 
12 144 


= 23 sq. ft. 8' 2^ 

3 cu. ft. 123^ cu. in. 


= 3 cu. ft. cu. ft. + A cu. ft. + Jy cu. 
«=3cu. ft. 10^ r' 


ft. 


174. We must now consider the multiplica- 
tion of duodecimals. 

1 ft. X 1' =1 ft. X i ft. = i sq. ft. = 1 super- 
12 12 

ficial prime. 

1 ft. X K 1 ft. X ft. = sq. ft, = 1 
superficial second. 

Si^arly, 1 ft. x 1'" I superficial third t 

and BO on. 
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Again, 

1' X 1' = i ft. X ft. = ^ gq. ft. = 1 super- 
ficial seoond. 

1' ^ X = J2J sq- =1 swper- 

ficial third. 

Example 1. Find the area of a rectangle 
which measures 5 ft. 9 in. by 3 ft. 3 in. 

5 ft. 9' 

3 ft. 3' 

17 3' 

1 5' 3^ 

18 sq. k 8' 3^ 

= l8 8q. ft. 4- (i^+r? 4 )sq- k 
= 18 sq. ft. 99 sq. in. 

Explanation. Multiply 5 ft. 9' by 3 ft. 
Thus. 

3 ft. X 9' = 27 super, primes = 2 sq. ft. 3'. 

Put down 3' and carry 2 sq. ft. 3 time.s 5, 
15, and 2, 17. 

Next, multiply by 3'. 

3' X 9' = 27^^ super. = 2' 3^ 

Put down S"', carry 2'. 

3' X 5 ft. = 15', and 2' = 17' = 1 sq. ft. 5'. 

On adding the two lines, we get 18 sq. ft. 
8' 3", which, by the last article, is equal to 18 
sq. ft. 99 sqT in. 

P^xarnple 2. The area of a rectangle is 100 
sq. ft. 20 sq. in., and its length is 11 ft. 8 in. 
Find its breadth. 

11 ft. 8')100 sq. ft. 1' 8''(8 ft. 7' = 8 ft. 7 in. Am, 

j)3 sq. ft. 4' " 

0 sq.ft. 9'8'' 

0 sq. ft. 9' 8^ 


Explanation. 20 sq. in. is equal to 1' 8\ 
Beginning the division, 11 ft. into 100 sq. ft. 
appears to go 9 times. But on multiplying 
1 1 ft. 8' by 9 we get 105 sq. ft., which is too 
big. Try 8. Then, 8 ft. x 8' = 64' — 5 sq. ft. 
4'. Put down 4', carry 5 sq. ft. ; 8 ft. x 11 ft. 
= 88 sq. ft., and the 5 carried make 93. Sub- 
tract, s pying, 4' and 9' make 1 ft. 1'. Put 
down 9' and carry 1 ft., etc. 

Next 11 ft. into 6 sq. ft. 9', or 81', goes 7'. 
Multiply the divisor by 7'. Thus, 7' x 8' 
™ 56" = 4' 8". Pvd down 8", carry 4'. Then 
7' X 11 ft., etc. 

175. In finding volumes, we shall, of course, 
have to multiply linear feet, primes, etc., into 
superficial feet, primes, etc. 

We have 


1 ft. X 1' super. = 1 ft. X - sq. ft. — A cu. ft. 

1m 


5= 1 cu. prime. 

1 ft. X 1* super. = 1 ft. X sq. ft. = A 

ft. = 1 cu. second, and so on. 

Again, 

V X r super. = 4 ft. X i sq. ft. = cu. ft. 
=r 1 CU. second. 

1' X 1' super. = 4 ft. X ~ gq. ft, = cu. ft 
SB 1 oii< third. 


Example. Find the volume of a rectangular 
solid whose dimensions are 6 ft. 5J in., 6 ft. 
7 in., and 3 ft. 4 in. 

5 ft. 7' 

3 ft. 4' 

16 9' 

1 10' 4" 

18 sq. k r 4" 

_6 ft. 5' 6" 

111 CU. ft. 8'” 0" 

7 9' 0" 8'" 

9' 3" 8'" 

i20ou: ft: 2' 4" 4'" 

. = 120 cu. ft. (288 4- 48 4* 4) cu. in. 

A . = 120 cu. ft. .340 cu. in. Am, 

Explanation. Multiply 5 ft. 7' by 3 ft. 4', 
as in Ex. 1 of the last article, obtaining 18 sq. 
ft. 7' 4". 

Next, 6 ft. 5J in. equals 6 ft. 5 A in., or 
6 ft 5' 6" ** 

Then, 6 ft. x 4" ^ 24" - 2', 6 ft. x 7' = 42', 
and 2' — 44' — 3 cu. ft. 8', and so on. 


Answers to Arithmetic 

Examples 19 


1. A square field, of the same breadth as that 
in the question, would contain 30 acres 3 

— 1 0 acres = 48400 sq. yd. 

Therefore, Breadth of the field = v/48400 
= 220 yd. The length — 3 x 220 yd. = 660 yd. 

^ 2. Area of paper required 2 (17i 4- 13 J) x 10 
sq. ft. = 2 x 31 1 X 10 sq. ft ^ 

.*. Length required ~ ? y(J, 

Hence, 


Cost = £; 


2x63x 10x4x_8 


2 X 7 X 3 X 12 X 3 X 20 
8. Carpet costs Ss. 3d. more per square yard 
than oilcloth. To cover the whole border with 
Carpet costs £3 18s. more than to cover it with 

oilcloth. No. of square yards in the border 

= £3 188. 38. 3d. =: 24 sq. yd. 216 sq. ft. 

Area of floor — 21 x 21 — 441 sq. ft. Area 
of carpet — 441 - 216 = 225 sq. ft. Side of 

carpet — v/225 = 15 ft. Hence, width of the 
border = (21 ~ 15) -4- 2 = 3 ft. 

4. Area of the four sides of the cistern — 
2 (6 4 - 4) X 3 = 60 sq. ft. Area of bottom =6x4 
= 24 sq. ft. No. of square feet of lead required 
= 60 f 24 = 84 sq. ft. = 84 X 8-1-112 cwt. 

ri X 84 X 8 X 61 , 

Cogt= -jj2^g-8.-6l8. = £3 1g. 


5. Each of the walls would be 2 x 1^ bs 3 
times the area of the corresponding wall in the 
actual room. The cost would therefore be 
3 X £2 178. 9d., or £8 13s. 3d. 

6. No. of square yards in the field = £862 Os. lOd. 


-f- lOd. = 20449. Side of field = v^26449 
yd. = 143 yd. Length of fence required = 4 
X 143 yd. 


Coat = 

20 


= £228 16g. 


7. A box measuring 7 in. x 6 in. x 3 in. con- 
tains 106 cubic in. The given box contains 13125 
cubic in. or 106 cubic in. x 126. Therefore, since 
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the Tolume of the giyen boi: is 125 times that b{ 
t he ot her, each dimension of the given box is 
Vl25, or 5 times^ the corresponding dimension 
of the other. The required dimensions are 
therefore 35 in., 25 in., and 15 in. 

Examples 20 

1. A walks 3i miles before he meets B. This 

takes him 3} x 18 mins., t.s., 63 min. B 
walked for 63 + 3 — 66 min. The distance B 
walks is + 1 5} miles. His rate is there- 

fore 88 of 6 J miles per hour, or 5 miles per hour. 

2. Travelling at 50 miles per hour, the train 
Will take 4({ of an hour, or 48 min., to go 40 
miles. This is 10 min. too long. It should 
therefore do 40 miles in 38 min. ; and, sincMK| 
passes the station 2 mm. late, it actually does wV 
40 miles in (38 + 2) min. Hence, its rate is~ 
1 mile per min., or 60 miles per hour. 

8. In still water, ho rows f mile in 4 hour, or 
3 miles per hour. Against the stream he rows f 
mile in ^ hour, or miles per hour. Hence, 
stream’s" rate = 3 - IJ = miles per hour. 

.•. His rate down stream = 3 + 14 = 44 miles 
per hour. This is 3 times his rate up stream ; 
60 that, to return, he will take ^ hour -f- 3, 

5=: 10 min. 

4 . The extra 2 miles of the return journey, 
at 10 miles per hour, takes of an hour, or 
12 min. Hence, had he returned by the first 
road at 10 miles an hour, be would have taken 
12 + 12, f.c., 24 min. less than for the out- 
ward journey. But, at 8 miles per hour, 1 mile 
takes T^jipin., and at 10 miles per hour, 1 mile 
takes 6 min. .*. Ho takes 1 J min. less over each 
mile. Since he takes 24 min. less altogether, 
the number of miles in the first road — 24 1 } = . 
16 miles. Return road — 16 + 2 = 18 miles. 

5. The train passes the man (i.c., goes its own 
length ) in 9 sec. It goes through the station (♦. e. , 
goes its own length and another 88 yd.) in 21 sec. 

It goes 88 yd. in 21 - 9, or 12 sec. Its rate, 

, therefore, is 5 x 88 yd. in 60 sec. = } mile in 
1 min. = 15 miles per hour. Length of the 
train— distance it goes in 9 sec. = of fJ8 yd. 
« 66 yd. 

6. The first man is 4 min. ahead, t.e., ^ of 9 

miles, or mile. The second man gains on 
him 1 mile per hour. He will, therefore, over- 
take him in 8 hour, f.e., 36 min. The first man 
will have been walking (36 + 4) min., and will 
have gone 88 ^ miles, t.e., 6 miles. 

7. 5 miles per hour= 1 mile in 12 min.; 4 
miles per hour = 1 mile in 15 min. -Hence, in 
the second half of the journey, A takes 3 min. 
less over each mile. Since he takes 15 min. less 
altogether, the second half of the journey is 15 

3, or 5 miles. The whole distance is, there- 
fore, 10 miles. 

8. P bums as many inches in 2 hours (8.30 to 
IO. 3 O) as Q bums in hours (8,30 to 10). P 

V bums for 6 hours (4.30 to 10.30) and Q bums 
for 4 hours (6 to 10). But P, in 6 hours, bums 
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muoil as Q would bum in 4} hours. Thme* 
fore, sinoeonewas aninoh longer than theother, 
it is clear that Q was the short candle, and 
would have burned one more inch in hall an 
hour. 'Hence, Q, burning 2 in. per hour, burns 
8 in. between 6 o’ckxS: and 10. Thus^ the 
required lengths are, P, 9 in,, and Q, 8 in. 

9. Working together, A does an amount above 
half the work which occupies him for 1 day. 
When they work separately, B takes 2 days to do 
this extra piece. Thus, A does as much in 1 day 
as B does in 2 ; bo that, working together, A does 
I of the whole, and B does 4 . Hence, A does 
of the work in a day. .*. B does A of 
it in a day. Together they do ^ — t of 
it in a day, or the whole piece in 4 days, 
i. 10. Noon on Monday to 8 a.m. on Wednesday 
% 44 hours. Thus, the clock loses 3 min. in 44 
hours. The clock was right when it had lost 2 
min., f.e., after | of 44 hours, or 29 hours 20 
min. This will be 5.20 p.m. on Tuesday. 

11. At 5, the large band is 25 min. behind the 
other. To be only 14 min. behind, it must gain 
25-14, or 11 min. on the other. But it gains 
55 min. in an hour, so that it gains 11 in ^ of 
an hour., i.e., 12 min. The required time is 12 
minutes past 5. 

12. Rate up-stream = 4J- 1J=3 miles per 
hgur. Rate down = 4J + 1 J = 6 miles per hour. 

To have come the other 2 miles to the 
original starting- place would have taken an extra 
} hour, and the total time would be 2 hours 
10 min. + 20 min. =• 150 min. Since it takes 
twice as long to go up as to come down, the time 
taken to go up stream = f of 160 min. — 100 
mm. — If hour. Distance = If of 3 miles = 5 
mik'S. 

13. The hare takes 3 leaps to the hound’s 2, 
or 9 to the hound's 6. But the hound goes as 
far in his 6 as the hare goes in 14. The hound, 
therefore, gains 14 — 9=5 hare’s leaps in every 6 
leax>s be takes. Hence he gains the 60 leaps in 
12 X 6, or 72 of his own. 

14. In IJ hours one rides If x 2 = 3 miles further 
than the other. Hence, they meet If miles 
beyond half-way. Similarly, at the faster rate, 
they would meet If miles beyond half-way. Now, 
if the faster man had again ridden for If hours 
at the quicker rate, he would have gone If x 2, 
or 3 miles further than he rides at the slower 
rate. But in reality, he rides If - If, or } .mile 
less than in the first case. Thus, 3 miles + f 
mile is the distance he would go in the extra f 
hour, i.e.^ his rate would be 13 miles per hour. 
But, at 13 miles per hour, he goes 13 x If miles 
in If hours, ».e., 16f miles. This was If miles 
beyond half-way. Hence, half the distance is 

* 15 miles, and the whole distance 30 miles. 

Note. In Examples 18, No. 12 (page 1200), 
for “10 chains of road** read “7 (mains of 
road.’* The answer given at the foot of the 
page is then correct. 

a J- ALLPORT 

CONCLUDED 
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SUCCtSSPUL, UFE-CHAPTER 16 

The Udder ettereil 'h^ Kedetd indastriar Coaditioas 
^ to the Men who Tfie«t ,'<1^ for Effort. 

THE AGE OF OPPORTUNITY 

4 

^fT isS of little avail, in the present age, drawiTA The thoroughness with which 

r"! to wait for opportunities. Patience of he did his work led to his being promoted 

this sort is not so well rewarded as it was to the pJtce of a foreman, and by working 

in the days when all things moved slowly hard at educating himself he was able to 

' irt the grooves*^ of custom and tradition, relinquish manual labour and go out as a 

and there was little change of method travelling salesman. Three years ot this 

from generation to generation. The man new kind of experienee enabled him to 

who waits, like Micawber, for something gain the rank of sales manager, from 

to, turn up now often gets left behind which he climbed to the position of geneial 
No doubt the continual innovations and manager to ah important wire company, 

impiovements in the general machTnery He built up an unrivalled knowledge ol 

of life, which are the characteristics ot the world-wide conditions of the steel 

modern civilisation, seem to biing many industry, and because of this special 

new avenues to success before the men knowledge he was selected at 38 to control 

who arc waiting lor openings, but the the expoit department of the United 

men who win their way to the front are States Steel Corporation. In 1911, when 

those who do not wait for opportunities, ,lie was made piesident of this immense 
mt go in search of them and make them concern, he had increased the export 
when they cannot find them. sales by 200 per cent. 

In piactically every field of activity. So we see that, by active foiesight, a 

except perhaps the public Civil Services, common labourer can make himself indis- 

an able man makes his chances. That is pensable to the largest manufacturing 

why what some people call the luck ot the ooncem in the world. It does not, there- 

able man seems at times so marvellous, fore, appear that the growth of the modern 

He wins against overwhelming odds, system of gigantic ( 01 porations prevents It 

Starting as an office-boy in some gi eat firm man of ability fiom making openings for 

with an organisation so complete that himself in the most powerful of business 

ordinary employees seem enslaved by it, organisations. Unless a trust had a 

a London man has become in middle age general control over all the sources ot raw 

the managing-director of the firm. Capital material in any important industry, it 

has not counted in his rise, for he has not could not afford to neglect the men with 

been able tp save enough money to help the priceless creative faculty. If, in ovei- 

in the/MSffifttce of the business. He has confidence of its wealth and scope, it did 

made his way entirely * bujj^ork of an so neglect the man with the power to 

unusual sort. He has discovered new make his own destiny, it would, sooner 

oppoitunities for increasing the trade of or Jatei, fall before the attack ot some 

the firm until the other doctors have more wide-awake rival, 

seen that he was the best general manager in practically all branches of industry 

, they could hope to find. andcommeice the inventor and discoverer 

The career of a great American leader of are making opportunities for themselves 
industry is astiU more sinking example of and for the men who can divine the new 
the luck of thfe able man. He is now presi- tendencies they are creating. Few of even 

dent of the greatest company in the world the old stable professions are safe frojn 

— the United States Steel Coiporation, the revolutions of the innovator. At 

with its capital of fifteen hundied million present the lawyer alone seems to be 

dollars. He began as a common labourer, safely entrenched in the tradition of his 

working twelve hour^ a day at loading calling, but his old scale of fees, it is said, 
scrap in a wire-mill. But, being one of has been so largely diminished in pur- 
those men who shape their own destiny, chasing power by the cheapening of money 
he soon rose to the position of a mechanic, during the last century of gold-mining 
" and in 188^ he was working as a wire- and financial progress that he has had to 

PERSONAUT^ EWfaTNIi. IDEAS. 4UAUTIES THAT WIN IK THE WORLD 
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look to new kinds of legal business ro 
recoup him for his losses in the olcte lin^ 
of praJctice. The doctor has been. stiB - 
more subject to sudden Tevolutions in the ■ 
framework of his calling. Many 
methods of diagnosing and treating 
diseases have been invented bjr the new 
scientific school of patholog^s, and 
young medical students with foresight and 
courage have rapidly made themselves 
famous and wealthy by testing new 
treatments and then using them in the 
face of the sullen opposition of the tradi- 
tional school. Parliament also has lately 
opened the doors of opportunity to a great 
host of young doctors, for with the 
introduction of the panel systan of State 
medical service in connection with tire 
National Health Insurance Act there 
have been numerous sudden openings 
for struggling young medical men which 
have probably much reduced the long 
waiting period they might have had to 
endure before they were able to get a good 
living by means of their dearly bought 
knowledge of disease. 

In the meantime, tlie material resources 
of mankind are being amazingly developed 
by inventors and organisers and improvers. 
Even the social machine is being im- 
' roved, or at least altered, in many waj^s, 

oth by direct acts of legislation and by 
subtle "but profound and far-reaching 
changes in the ideas and feelings and 
customs of the leading races of civilisation. 

The entire conditions of .the feudal 
system have worn out, and there is now no 
class, no barrier, to keep a man of ability 
from rising to whatever social height his 
native powers entitle him to claim. We 
have dukes now with hiunble ancestors, 
and practically all our nobility has been 
formed from a multitude of men drawn 
from traders and manufacturers who, 
after winning wealth, have devoted them- 
selves to politics. Our society is in the 
form of a p 3 rramid, the top of which is 
continually wearing away owing to the . 
sterilising effect of luxury, while ascend- 
ing and descending social movements 
carry the successful men of every class 
from the broad base of the pyramid to the 
perilous apex. 

Tliis gradual revolution in the social 
situation has been suddenly and largdy 
decelerated by the extraordinary develop- 
ment of the materials and machinery of 
industry, with the result that the South 
of Enifijand has lost much of its iwioieiit 


influeuce, and become su^jject to the 
power of the Midland: : Northern 

provinces, which 4^aw their sttehgth #om^^ 
their vast. min«al tesoumi^ \ > 

In spite of the unparalld^d popmatiori^^ : 
of London, this Southern city does not 
offer the best field of opportunities in our>; 
busy little island. It affords, no doubt, a : 
fairly comfortable means of livelihood- 
for an immense concourse of various 
kinds of clerks. Owing, moreover, to the 
extraordinary numbers of population of 
this great forwarding port and railway 
centre, it allows scope for many small 
trades and industries. But the great 
work of the country is carried out around 
the Midland and Northern coalfields, and 
it is there that a man who feels able to 
make his own way will often find the 
largest field for his activities. From the 
social point of view, the South of England 
is a pleasant and exhilarating place in 
which to live ; art, literature, joiirnalisni, 
and science are cultivated with zest in and 
around the capital, and it is fairly easy for 
men and women interested in the things 
of the mind to discover congenial cx)mpahy 
and develop their own talents under the 
stimulus of friendly intercourse with 
persons of a similar bent of nature. But 
in all other respects the creative centres 
of industry in our country off or a larger 
field of ambition to the man who aims at 
a successful career. 

This is only natural. As a rule, where 
the greatest amount of work is l>eing done 
there is the largest number of openings 
for men of ability. Sometimes, of course, 
a man can carve out a career for himself in 
a small, quiet place where there is little 
competition and little movement. The 
general stagnation is here an advantage to 
him, if he strives with some novelty of 
growing importance which is bound to 
come into large use. The development of 
the motor industry, for example, has 
enabled many men of a ipechanical turn 
of mind to build up profitable businesses 
in sleepy old market-towns where their 
services w^ere likely to be required. 

But to succeed in a large way a^jpfian 
must usually enter one of the p*eat 
industrial centres or one of the big marts 
of commerce. If he is an invents of 
genius there is no need to advise him 
what to do, for the inventor is the supreme 
example of the man who does not wait 
for his opporttmity, but makes it. He is 
incidcjuifa fotoe in the 
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indviStrial and some opportunity 

of pow<^^ and ^ii3JxmmV\ jtjj^msdv^s by means of which they 

Very often the improvement 
^t)e^|vr^rk^ or ?ail from ignot^W^ 5 ^\tboy*^'oatty out is apparently a small 
^pSrsjjidli^Vemeiltfe. . in itself, but it is by a large and 

in power to the inventor as snecession of little improvc- 

iakef qf opportunities comes'^the dib- menfe that the general work" of civilised 


^organisation or methods, and he opens maps out the new territory and settles 
up new avenues of enterprise in between largely upon it, either in small independent 
> the overcrowded fields of settled activities, settlements or as parts of the animating 
where the contest for success has grown forces of some wealthy company. There* 
§o keen that the prize is scarcely worth is always ample room for the man who 
, the struggle.^ The discoverer turns to can better anything, cither in a small or 
- lus.new opening, and at times, with very large way. The employee who can do 
» little capital to start on, he quickly glows his ]oh w'ell may gradually rise to a 
into a merchant prince or an industrial position of* authority, by steadiness of 
leader. Sometimes he displays a kind of character and the power of shouldering 
inventiveness in building up a now kind responsibilities. He stands for the old 
of business organisation ; sometimes he type of the man who waits for his oppor- 
introduces some novelty into the niaiket- tunity. But it he wants to tiead the path 
places of the world, but as a rule he is of success before giey hairs begin to appeal 
moie often the associate of an inventor on his wise and patient head, he must 
than an^ inventor himself. His master- act more vigorously in this age of change 
faculty is his intellectual vision. If a and ferment and invention, and endeavour 


new thing is brought to him, he discerns 
its practical value and uses it as an 
engine to open his load of success tlnough 
the world. In other directions, he makes 
new markets for improvements, and 
works out better methods of doing 
ordinary work. On the whole, men of 
this type are usually more prosperous 
than the original inventors ; they aim 
directly at money-making and are 
gencralh^ alert, shrewd men of business 
with a larger horizon ol mind than the 
•ordinal y man ol atfaiis. 

In addition to the big inventors and 
the big discovereis, there is a more 
numerous but less important class of 
men who also succeed by making their 
own opportunities. This third group 
may be termed the improvers of the 
machinery of industry and commerce. 
Their work requires just an ordinary 
|[Ood intelligence, combined with vigorous 
concentration of mind and with sound 


to make the opening he wants, instead ol 
attending for it to occur. 

From twenty-five to thirty-five is the 
period in a man's hie in which he is best 
able to become the master of his fate*. 
He should then have won the larger part 
of the knowledge and experience necessarv 
in his career, while the active powers of 
his mind should be almost as strong as 
they were in youth, but better directed 
and more finely tiained Above all, the 
fund of high animal spirit wiiich nature 
gives to the young to compensate them 
for their lack of wisdom should still be 
partly available in a young man to enable 
him to strike out a littk foi himsclt 

A good many men, in this critical 
period of their lives, lack the nEDral 
courage needed to make an opportunity 
for themselves. Otheis arc too lazy, or 
too fond of the lighter pleasures of life, 
to bend themselves to the effort and 
concentrate their intelligence on the task 


practical judgment. The average good 
t^Wo^ker in any field where brains are of 
^Value has as many natural advantages 
as the successful men of this sort. Their 


^ihief master-quality is their power of 
^Steadying their intellect an4 bringing air 
power to bear upon the task they have 



►w the 

- 


of opening a little avenue to 4 successful 
position in the field of work in which they 
are labouring. Sometimes a man with 
the power of insight can see in a flash, 
without any preparatory toil, the chance 
of making an opportunity^ but with most 
men this new start only to be 

earned by continual ' striving and an 
aler^%vi)ticible 'apiriC 

.V.EDWARD^WRIGH r 
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BniM, Cilmste, Pro4iicU. Towns, and Fcatnlros of Interest of Italy. 

Physicai Ckaracterlstics and Towns of the Iberian ftenlnsnla. 

ITALY, SPAIN, & PORTUGAL 

ITALY of almost* equal importance in the » northern 

F rom the summit of any lofty Alpine peak '^^ich is the most prosperous and pro- 

south of the Rhone Valley— Mpnta Rosa, for ve part of Italy. 4^^ 

example — a wonderful view is seen to the soutli. Northern Italyo The traveller enters Italy 
Vast and blue extend the plains of Piedmont by the Mont Cenis route, which brings him 
and Lombardy, rich lands built up in the course to Turin, with its streets like the squares of a 
of untold ages at the southern base of the Alps, chessboard and its fine view of the neighbouring 
and formed of the sediment carried down by Alps, or by the Simplon or St. Gotthard route, 
the rivers descending from their snow-fields and which bring him to Milan, with its brown roofs, 
glaciers to the Po, which, on a clear day, may many bell-towers, and immense cathedral of 
be made out like a silver thread in the blue white marble. Milan is the busiest town of 
distance. 'Fhe valleys opening to this plain Italy, silk being the most important of its many 
are even more beautiful than those opening manufactures. From Milan wo may go east by 
north, and the lakes which fill many of their Verona, at the end of the Brenner route, and the 
lower ends —Maggi ore, Lugano, Como, Garda, old university city of Padua, to Venice, a city 
and smaller ones — have an indescribable charm of lagoons and islands, with the magnificent 
of southern loveliness. cathedral of St. Mark, and, instead of streets. 

West of the Adige, all the Alpine streams canals flowing between lines of palaces. Or, 
descend to the Po, which flows almost due east instead, we may go south, cross the Po at 
to the shallow Adriatic, into whi(‘h its delta is Piacenza, and pass by the famous old towns 
steadily pushing. Its tributaries on the southern of Parma and Modena to the picturesque univer- 
bank come from the Apennines. These mount- sity city of Bologna, "built at the base of the 
ains, which form the backbone of Italy, spring Apennines, and commanding the route across 
from the Maritime Alps, skirt the shore of them into Tuscany. In either case we traverse 
Liguria, and broaden out across the centre of a vast fertile plain, enclosed between the Alps 
the boot-shaped peninsula, leaving narrow and Apennines, crossetl by a network of irriga- 
lowlands along the sea on cither side. The tion canals, and green with ricdi crops of cereals 
island of Sicily, separated from Calabria by the and fruits of many kinds. 

Strait pf Messina, is structurallv a continuation Liguria and Tuscany. These provinces 
of the Italian peninsula. The mountainous west of the Apennines. Liguria is favoured 
islands of Corsica (French) and Sardinia, both in scenery and climate. The mountains 
separated by the Strait of Bonifacio, rise out of which shut it in on all sides except ihe\ 
deep seas to the west. south keep off all cold winds, and its rocky 

Climate and Products. The climate shores are a dream of sunlit beauty Genoa, 
of Italy (110,500 sq. miles) is everywheie often called the “ Queen of the Mediterranean,” 
genial, and Sicily enjoys something not unlike is a city of palaces, built round a magnificent 
perpetual summer. The severest winters occur bay backed by mountains Its commerce is 
in the plains north of the Apennines, but even enormous. Further south is Spo/.zia, the Italian 
there frost never lasts long. The summers are naval station. 

everywhere hot. Round the northern plains the Tuscany slopes from the crost of the Apennines 
rainfall is about 40 in. a year, and fairly uniform to the blue waters of the Mediterranean. Its 
at all seasons. Further south it diminishes largest river is the Arno, on which is Florence, 
considerably, and occurs chiefly in winter, a city no less famous for art treasures than for 
Evergreens replace deciduous trees, and the natural beauty, built a little below the point 
cypress, stone-pine, and evergreen oak give a where the Amo leaves the Apennines, ^cai 
wholly new character to the landscape. The the mouth of the Amo is Pisa, with a grand 
characteristic Italian tree is the olive, wliich is cathedral and the famous leaning tower, once 
grown, along with vine and mulberry, in the & prosperous port, but long superseded by 
valleys opening to the plain of the Po, but not j^ghorn (Livorno) to the south. North of Pisa 
on the plain itself, owing to the severity of the is Lucca, famous for oil. All Tuscany is hilly, 
winter. In summer this plain is hot enough for and many of the towns-— small, but often rich 
cotton and rice to be grown. The vine is in masterpieces ot arohitecture and painting-^ 
cultivated everywhere. Maize is a common sre built on the crest of steep hills above terraceg 
t|cereal. and a special bard wheat, used fqr of vineyards and olive yards, which yield the 
maparoni, is grown in the south in Apulia, famous Tuscan wine and oil. Such a city is Siena,^ 
Agriculture is the principal occupation, but * with a magnificent* cathedral and art galleries, 
manufactures— silk and other textiles, engineer* The Tiber Baeih* Similar in character, 
tng, and electrical w5rks— are rapidly beaming hut }em fertile, is Umbria, the basin of the Upi^r 

PHYSCAt, POUTICAL & COMRERaAL aEOaRAPHY^WITH EDUCATIONAI TRAVEH 
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THE KINGDOM OF ITALY 


"The most famous cities are the hill 
o! Perugia axi^ Assisi,, both rich in art 
* treasures. The Lower Tiber opens to the wide 
j^lam of the Boman Campagna, once richly 
(Cultivated and densely n^pled, but now covered 
l^with rums^ and inni^ted only by scattered 

The Etoriillil CUty* ^ world famou8^ 

4 . Jos oiL^aeY^M^sl low hilla 


on the seaward side, is shut in by wooded 
mountains To the stranger entering it by rail 
It looks a modem city, but his first drive over- 
^ whelms him with monuments of Pagan splendour 
(f— the Porum, with its ruined temples ; the 
great amphitheatre of the Coliseum, triumphal 
arches and columns, pillars of heathen temples 
buil | JBito Chrlsiian churches, tibie long avenue of 
Bomh tombs Uniiitf the Appian Way, and the 
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Campagna. Iimumorable magnificent chnrcbes 
and palaces and the immense cathedral of 
6t. Peter's tell of the splendour of Papal Rome. 
In every sense it deserves the name of the 
Eternal City. 

The Campagna of Naples. This is 
separated from the Roman Campagna by a 
tract of marshes, which are rendered uninhabit- 
able by malaria, the scourge of Italy. Naples 
is built on a magnificent bay near the base of 
Vesuvius, an active volcano whose eruptions are 
often on a most disastrous scale. The surround- 
ing plain is one of the most fertile parts of 
Italy. The coast is famous for its beauty, 
especially about Amalfi and Salerno. 

On the opposite side of the Apennines are the 
thinly-peopled mountain lands of the Marches 
and the Abruzzi and the fertile lowlands of 
Apulia, with many good harbours, including 
Brindisi, the terminus of the overland route to 
the East. 

Calabria, the toe of the Italian boot, is a thinly- 
peopled mountain region, with picturesque 
towns on the coast. 

The Italian Islands. Sicily, south of 
Calabria, is the garden of Italy Agriculture 
is backward, but the fine volcanic soil is extra- 
ordinarily fertile. Cereals and fruits, especially 
orange and lemon, come to perfection, and in 
old times Sicily was the granary of the world. 
In the north-east is the active volcano Etna, 

^ over 10,000 feet high. Sulphur is abundant, 

’ and exported in large quantities. The chief 
towns, all on the coast, are Messina, on the 
strait ; Catania, at the base of Etna ; and 
Palermp, on the north coast. 

North of Sicily are the volcanic Lipari islands, 
one of which, Stromboli, is often called the Light- 
house of the Mediterranean. South of Sicily 
are the British islands of Malta, with the 
fortified naval station of Valetta, and Gozo. 
Early vegetables are grown. 

Sardinia, the only other important island, is 
mountainous and thinly peopled Agriculture 
is backward, but the soil is fertile. The mining 
of iron and other ores is carried on, and also 
in the small island of Elba, off the coast of 
Tuscany. 

SPAIN AND PORTUGAL 

Iberia. This name is given to the western- 
most of the Mediterranean peninsulas, which is 
divided politically into the kingdom of Spain 
(192,000 sq. miles) and the Republic of Portugal 
(34,600 sq. miles). The only land frontier 
of Iberia is in the north-east, where the 
Pyrenees form the frontier of Franco for over 
260 miles. On the north, west, and south-west it 
is washed by the Atlantic, and on the east and 
south-east by the Mediterranean, the two being 
connected by the narrow Strait of Gibraltar, 
wh#re the fortified rock of Gibraltar guards for 
I Britain the road to India. 

Mountains and RlverR. Next to Switzer- 
land, Iberia is the lof test region in Europe, only a 
small part of the peninsulabeing less than 1 Jg)0 ft. 
above the sea. Thej Pyrenees are oontinwd in 
tha east ^ the |iHith-west by the z^punt^hii ^ 


of Catalonia, and^tn the west by the Cantabrian 
Mountains, rich in iron and other minerals, ^ 
and rising steeply above the Bay of Biscay. 
From the west^n and eastern «ids respectively 
of the Cantabmm Mountains come two importai^' 
rivers— the Minho, fiowing south-west to the * 
Atlantic, and forming part of the boundary , 
between Spain and Portugal, and the Ebro, 
fiowing south-east to the Mediterranean across 
the largo lowland of Ar^on. West of the Ebro'^' 
rises the Meseta, an immense lofty plateau^^' 
j with a general elevation of over 2,000 ft., formmiT' 
the core of the peninsula^ It is highest in thp- 
east, and the rivers which flow to wie Mediter- 
ranean are consequently short and rapid. 
The longer rivers — ^the Douro, Tagus, and 
Guadiana — follow the westerly slope of the 
Meseta to the Atlantic, flowing in deep gorges^ 
sunk below the level of the surrounding country. 
They are consequently ditficult to cro'^s, and as 
they are too swift and shallow to bo navigable, 
they are useless as a means of communication. 
Jaggid lines of heights called sierras (Sp. sierra, 
saw), rising some .5,000 ft. above the Meseta, 
separate them from one another. South of the 
Guadiana the southern margin of the Meseta, 
called the Sierra Morena, descends steeply 
to the lo\i]and of Andalusia, which is crossed 
by the Guadalquivir, the most important river 
m the peninsula. Its waters come from the 
Sierra IVlonma and the Situra Nevada, the latter 
forming the. south-east heights of Spain. This 
lowland and that of Southern Portugal, round 
the Lower Douro, are the most important low- 
lands of the peninsula. Those of the east coast 
are small, but highly cultivated, especially in 
Murcia and Valencia. 

Naturai Regions. Iberia consists of three 
well-marked regions — (1) the Pyrenees region,^ 
including the ('atalonian and (^antabrian Moun- 
tains ; (2) the Meseta ; (3) the Andalusian region, 
with the lowlands of Southern Portugal and 
South-eastern Spam. 

The Pyrenees. The Pyrenees region 
belongs in climat(» and vegetation to Central 
Europe. The rainfall of the Cantabrian Moun- 
tains is heavy, while the rest of Tbcna is very 
dry. The seaward slopes are densely forested 
with deciduous trees. The summers are warm, 
but frosts are common in winter. All the plants 
of Central Europe can be growm, including the 
vino and apple, from which wine and cider are 
made. 

The Meseta, The Meseta is high, bleak, 
dry, and extreme in climate. The temperature of 
Madrid varies from a maximum of 104^ in summer 
to a minimum of 14® in winter, a range of 90®. 
Evergreens replace deciduous trees, and in the 
lower west vast numbers of swine are fed' in * 
the evergreen oak forests of Estremadura. * A 
valuable species is the cork oak, whose bark 
furnishes cork. The higher parts of the Meseta 
are too bleak for trees. Much is covered with 
poor grass or low evet^en aromatie plants* 
which supply thousands of sheep and goattf^^ 
with their summer pastures. Agriculture 
backward* and much fertile land is unused. * 
Water tor h^igi^ion h difl^onlt to obtakit as iMh 
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sunk in the north po^ts arc the ))orts oi 

ffl&rges. Wh^affe grown whore gjPGUftd* water ^pibao and Santander, exporting iron In the 
^ found near surface, but under less Douro basing are Valladolid, m the middle ot tlu 
^frrourable oonditions only barley, oats or platecm, commanding the route to Madrid nc ro^ 
^ye ore sufficiently hardjr. the Castiban mountains, and Oporto on tlu 

Andalusia* Andalusia and the other coast ot Pctftugal, esqiorting port wine In 
gl^lands of the south dilTer from both those the Tagus basin are Madnd, the capital in the 
^ragions. The climate resembles that of Northern middle of the plateau among bleak surroundings , 
fAfnca, and m the better parts are groi^n many Toledo, finely situated above the river, and long 
^^lants beloixging to the tiopios Among these famous for fine suords , and Lisbon the capital 
the date, which ripens at Elche m Valencia, of Portugal, built on hills at the mouth df the 
@ihe banana, sugar cane, sweet potato, cotton, broad Tigus There are no towns of importance 
V mid, m swampy distncts nee The orange, in the Guadiana basin, but a little furthei oast 
^ pgf mulberry, and other Mediterranean fruits are is Huelva, which exports the copper of the Rio 
alinost wild Some wheat and maize and many Tinto copper mines of the Sierra Morena The 



THL IBERfAN PFNINSULA— SPAIX AND PDRTQOAI 


puLes are grown Thej vine is very extensively 
cultivated, ^nd its products are world famous 
Agricu Iture U nder Difficulties Raisins, 
or dried grapes and dried figs are exported in 
inlmcmse quantities from the ports of Valencia 
and Murcia, where mudi attention is devoted 
to irrigation and agricultuie “ The rock has to 
be blasted and then pow^^ed with hammers to 
form soil, the slopes of all the hill^des arc 
terraced, and every fertilismij agent, even the 
^veepmgs of the streets, is utihs^ ’ Unfortu 
nately, such a spiiit of onterpnse is rare in Spain 
The agriculture of Andalusia is backwaid, 
though its mines, largely developed by foieign 
^itai, are prosperous It is famous, too, for 
bulls and horses 

L Towns. » Towns are more numerous on the 


Guadalquivir lecalls the Orient il magmhecnce of 
the Moorish conq uerors of b i>ain ( 1 ranoda at the 
base of the Sierra Nevada, < ontains the Alhaiu* 
bra one of the most exquisitely beautiful build 
Jiigs in the world Coidova has a magnificent 
c ithedral once a mosque Seville is the most 
prosperous city of Andalusia, with tobacco and 
nianuf ic t ure^ and a large trade All the ports of 
the south and south east coast — Cadiz, Malaga, 
Almcna Cartagena Alicante, and Valencia — 
tratle m fruit and oil Cadiz exports the sherry 
of Xerts Barcelona is the chief city and port 
of Catalonia, the one part of Spain which is 
progressing industrially Its manufactures and 
trade aie very important 

Off the east coast are the Balearic Islands Tlio 
largest town is Palma on Majorca, the largest 
island. A, J, D. H®RBBRTS0N 
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GROUP 3-ART$ & CRAFTS * THE GLORIOUS WORK OF MEN’S HANDS-CHAPTER IG 

Gainsborough, Reynolds, and Romney. Landseer and Wilkie. The 
Pre-Raphaelites. French Impressionism. Rodin, Meunier, and Stevens. 

ART IN MODERN TIMES 


At a time when Italy, Flanders, Spain, 
Germany, and France were witnessing 
the rise of great national scliools of paint- 
ing, England had t(.) be cvmtent with 
deriving her art from foreign sources. 
Not that there ^\as n<^t an abundant 
supply of native talent from the days of 
Henry VIII. to the beginning of the 
eight e(mth century, when Hogarth (a.d. 
1697-1764) appeared on the threshold of 
a brilliant period of artistic activity, but 
the leaders arcnind wliom these painters 
gathered, and from whom they took their 
style, were of foreign blood and birth. 
Holbein was tlie first of the foreign 
masters who worked at the Englisli C'ourt 
and determined the manner of a whole 
generation of portraitists, especially of 
miniature painters, and Van Dyck, the 
Court painter of Charles 1 ., may, with 
good reason, be called the father of luiglisli 
eigliteenth century portraiture. 

His influence was great and lasting, 
though two other foreign masters stand be- 
tween liim and (kiinsborough — the Ger- 
mans, Sir I’eter Lely and Sir (Godfrey 
Kneller. Antonio Moro, Daniel Mytens, M. 
Mierevelt, Rigaud, Largilliere, and Cana- 
letto all worked in England, and had their 
followers “- <'.apable artists like Dobson, 
Walker, and Samuel Scott, who have left us 
many works of rneiit without adding a 
single new page to the history of art. 

The first original word uttered by a 
British artist was spoken hy Hogarth. 
Bc‘fore him, \ ainting in England had 
been altogether aristocratic and stately. 
His art was robust and healthy and (k mo- 
cratic, almost plebeian. 'I l»ere is much of 
the jLnglisli puritaiiicai spirit in his scatli- 
iijg satires on the vices and weaknesses 
and immoralities of his conteinporarics. 
He is, , above all, a mcjralist — a preacher 
who uses his art as a weapon in the cause 
of \irtiie and righteousness. But these 
inartistic subjects arc painted witli con- 
summate artistry. If the anecdotal 
painter generally fails, it is because a cojii- 
mentary is so often needed to make his 
work intelligible. Hogarth never supplies 
illustrations to other people's' ideas, but 
tells his own stories with unmistakable 


directness in the language of paint. He 
conceives them as pictures, and, if one has 
eyes to see, one ne(‘ds no explanation either 
of the story or of the moral to Ix' drawn 
from such picture cycles as the “ Mariage 
a la Mode,” the “ Rake's Progress,” Tlie 
Idle Apprentice," and ” TJie Industrious 
Apprentice.” At the same time, Hogartli 
nev(;r allows liis literary intention to inter- 
fere with tlie purely artistic consideration, 
never sacrifices beauty of arrangement 
and haiinonious colour to flie clearer 
telling of the story. The mastery of liis 
brushwork (an best be judged from a 
picture like the " Shrimp Girl," at the 
National Gallery, where the sheer beauty 
of paint can be enjoyed without the 
distraction of a moral sermon. 

The second half of the eighteentli cen- 
tury witnessed the rise of the great scliool 
of British portraiture, of wliicli Gains- 
borough, Reynolds, and Raeburn are the 
brilliant luminaries. Of the two first- 
named, Gainsbor(jugli may be said to be 
the representative of the aristocratic and 
Reynolds of th(2 democratic tradition. 

Gainsborough is, above all, the painter 
of the graceful ('legance of contemporary 
society-- his ladies are beautiful, dis- 
tinguisht'd, refined, his men slight Iv 
dandified ; and his very teclmiqne, his 
deliciously cool colour-schemes, and the 
negligent but sure elegance of liis ttuich, 
reflect the cliaracter of his sitters. \'an 
Dyck is his real master, and his afliiiity 
with him a})penrs clearly in such a picture 
as tlie famous “ Blue Bov,” which was 
painted in cU^fiance of Sir Josliua's dictum 
that blue cannot be made (ho dominating 
coh.mr of a successful sclieme. 

Reynolds, unlike Gainsborough, who 
had never left England or made a profound 
study of th(i old masters, had stet^ped 
himself in the art of the past, and based 
liis designs, his style, and his colour on 
the Italian masters. He was for ever 
proclaiming bis allegiance to the " grand 
style,” and liis more ambitious composi- 
tions hold more than an echo of Tintoretto 
and Titian, of Correggio and Michel- 
angelo, and even of Ciucrcino and the 
later Bolognese. But not on these docs 
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hi» fame depend. With a curious perversity, 
whiyh we find to ah. even greater degree m 
Romney, he set little store by his portraiture, 
which he considered mere drudgery, and pinned 
his faith to paintinjg “ histories ** in the grand 
manner of the later Italian masters. * With all 
their noble qualities of colour and design, they 
would today not suffice to secure Reynolds the 
emmeht position he holds in t he art of his country. 
This position is due to his powers as a portrait 
painter. And, as such, he is the antithesis of 
Gains boroiigh. He is as intellectual and search- 
ing as Gainsborough is elegant and superficial, 
and his sitters were not so much the society 
beauties of the day, but the aristocracy of 
intellect — men of letters, iioliticians, actors, 


and sincerity. The vast number of portraits 
left by his brush might ah ^ave beefi painted 
from members of the same^ family, tlaebqm 
(A.D. 1756-1823), the greatest* master produced 
by Scotland, has, pnliko Romney, met with 
comparative neglect, though he is now ritpidly 
gaining the recognition which is his due as tho 
father of the modem Scottish school, a daring 
colourist of rare strength and virility. As 
regards summary oxyiressivcness and breadth of 
brushwork ho is unapproached by any of his 
contemporaries. With broad sweeps of the 
brush he suggests all the subtleties of modelling 
and drawing. Hoppner, Opie, and Cotes must 
be mentioned among the masters of those halcyon 
days of English portraiture, while Sir Thomas 
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philosophers, and scientists. In the place of the 
cool, musical colour of Gainsborough applied in 
loose, thill touches, he prefers a hot, sumptuous 
scheme carried out with firmness and energy 
in a thick inipasto. As likenesses, his portraits 
are far more convincing than those of his rival. 
He particularly excellt*d in porti’ayiug the 
innocent charm of childhood 

George Romney. George Romney, whom 
fashion has placed beside these two masters, 
scarcely do.scrves to be held up as their compeer. 
His sense of beauty and iechincal skill were 
(^rtainly second to none, but i he fell into a 
mannered conventioii w hich, while searching for 
prettiness — and finding it— lost in character 

2010 . 


Lawrence connects thtse days with tho pciiod of 
academic sloth from which English painting was 
only libei/ited by the Pic Raphatlile levolt. 

Landseer and WilKie, Only landscape 
jiamting made giant strides m this period, an^ 
(Wstablc and Turner showed tho way to the 
Barbi/on men and the impiessionists, while 
soapy and insipid portiaituie, uninspired relating 
of anecdotes in paint, theatncal scenes of his- 
tory, and siSchlike, held the public. Even where 
there was real talent, as m the case of the anima^ 
painter Landseer, concessions had to be madft'' 
to the demand for huinorous anecdote. » Davip 
Wilkie was among the great artists of that penod, a 
teal master m the handling of pigment which with 
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him retains an extraordinary richness of quality 
in spite of the minute precision of his detail. 
Ho was influenced chiefly by the Dut(*h small 
masters, and his shill in composing and 
arranging groups of ligures and in massing the 
light and shade deserve-* the greatest ad- 
miration. William Blak*^, a mystic • whose 


weird, fantastic imagination defied all laws of 
Nature, belongs to this time, but was an isolated 
iippearanee in the history of art. 

The Pre-Raphaelite Brotherhood. 
On tb<' whole, Knglish painting was at its lowest 
ebb in 18 IH, Avhen a few ardent young spirits, 
led by I). («. liossetti, J. K MilLiis, and W. 
Holman Hunt, resolved to reiioiinei' th(' ailitieial 
aeademic formula ol the day, and to follow tJio 
example of the Italian primitives, to appioach 
Nature in a humble, naive spirit, and to do 
away with theatrical posing and biliiniinous 
shadows and r<»ady-made recip(‘s for making 
pictures. I’ho famous picture “ Luv ^lundi ' 
is perhaps the best know'u work by W. H'llinan 
Hunt, and anotlier excellent example is the “ 
renzoand Isabella,” by Millais. Every detail, 
eveiy grass blade or flower, stone or turrow, 
W'aa made the object of careful study from 
Nature — so much so, that at times the 
larger truth was lost sight of in the passion 
for microseopie truths. As regards subject, 
romanet* and piK-try were put in tlie place of 
the trivialities w'liu h then had the applause of 
the public. 

The woiks f)f the Brotherhood aroused 
a storm of indignant abuse, but a powerful 
I defimder ol tlieii aims appeared in Buskin, w'ho 
threw Inmsolf lieail and soul into tho move- 
ment. The Brotherhood, as sueJi, w'as short- 
lived, but thv^ inlluenee has been lasting, and 
is still to be felt in the art of to-day in spite 
of the growing supieiuacy of French ideas and 
technique. 


Art Under •• Tlie Empire.** Xn France, 
which w^e have left at the threshold of tho 
Revolution, more perhaps than in any other 
country, the political and social conditions are 
rcflectecl by the currents of artistic evolution. 
The lascivious art of an immoral Court was 
foHow'cd by the chilling classicism of a Louis 
David, a true child of the 
Revolution, who, in his ro- 
< onstvuctions of Ancient 
history, glorified tho self- 
sacrificing patriotism of 
the Roman Republic, 
and then, as Court 

f )a inter to Napoleon, 
iccarae the originator of 
the Neo-Clreek “Empire” 
style. Witli Napoleon’s 
victorious campaigns 
arose an important 
school of battle painters, 
of w'lilcb (Iros and GMird 
w'cro the loading spirits. 
But neither art nor 
literatim* flourished 

during the first Empire, 
and only after the 
Rc'storation the intel- 
lectual lift* of France 
began to flow again in 
many contending cur- 
rents. 'Phe first gicat 
batt le w'as w'aged bet w een 
Ingres, the head of the 
classicist S( hool, wlio based bis art on tho 
imitation of the antupie and perfect draughts- 
manship, and Dclu roix, the li'ader of the 
Romanticists, a tnily inspir(‘d .utisl, w'ltli a 
glowing sense of coloiii and a powerful ini igina 
turn. 'Then came tho r(*\olt of the Barbizon 
men, tJien the .stiiigglc ol tlie fieehght painters, 
and finally of the iinpiessionists, whoso aims 
have already been set fortli in the ailiele on 
“ Landscape Art.” 

Impressionism in France. But 

itrqu'essioiiism ha,s another asjrc'et l»*sides that 
of which Claude Monet is the chic'f ( \])onent 
As cone(*ived by such masters as Manet and 
J)egas, it substitutes beauty of chai actor for 
U'auty of form, and turns the attc*ntion of the 
arti.sts to scene.s of contemporary life. Classicism 
and academic art in general sad in lofty regions 
far removed from the bustle and strife of every- 
day life. Tlie impressionists maintain, and 
frequently prove by tlieir works, that the 
meanest subject is worthy of pictorial treatment 
if it is seen by the eye of an aitist. As the 
w^ord conveys, impre,s,sioni,sm is concerned with 
the impression of a scene, wdiich can only be 
recorded in its eomplt'toness by summary 
suppression of all the details which cannot be 
grasped at a rapid glance TJie academic painter 
loses the freshness of an impression by using liis 
knowledge of the form of things to penetrate the 
mysteries of distance or deep shadow. The 
impressionist loses outline and form where they 
are lost in Nature, and thus attains greater 
^^riaimilitude. The academic paiixt^y, iit 
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treating the figure, loses the sense of movement 
through overcarefulness in drawing. The model 
is turned to stoiu^, as it wore, in the act of 
running, or wrestling, or dancing ; while the 
impressionist, som(‘times through accentuation, 
which is not, strictly speaking, correct, or through 
the cfTacing of conto\irs, often succeeds in con- 
veying an extraordinary suggestion of move- 
njLcnt. Thus, in the ballet schmics by Degjis, (ho 
dancers S(‘em to l>e actually circling and pirouet- 
ting round the stage. As an example of .Manet’s 
work a rcprodiuHion is given of “ A Bull 
Fight ” 

Four Great Masters. Like the Pre- 
Raphaelites in Kngland, the French imf>res- 
sionists had to fight a liard struggle before their 
vi(‘ws found acceptance, and there is no doubt 
that the extreme inanif(‘stations of impn^s- 
sionism frequently degimerate into absurdity and 
ugly eari(aituro, and fully deserve the ridicule 
that has been heaped upon them. Yet it 
has remained one of the leading factors in 
modern art, not only in Fran<‘<* but tliroughout 
FiUropc and America. Its influence has not 
ahvays f)e<Mi bent'ficial. for the incompetent 
frequently sails under its flag to conceal Uiek of 
training and deficient 
<1 r a u g h t s m a n- 
ship ; but on the 
other Jiand. it has 
enriched the world 
with the master- 
pieces of a Monet, a 
Manet, a Degas, and 
a Whistler. 

Nineteen! h 
Century Art. In 
tlie rich artistic life 
of nineteenth <en- 
tury France, impres- 
sion ism was only 
one, though the mo.st 
important, pliasi*. 

The academic school 
continued to flourish 
in the art of 
aceompl islietl 
tt'i’s like ^l(‘issonier, 

Bouguereau, Dela- 
•ocho, Fleury, and 
juany others ; the 
Orientalists, who 
found their subject 
m<itter in the sunq>- 
tuous picturesejue- 
ness of tlu‘ Fast, are 
(ihiefly ref)rcsented by Decamps, Fromentin, and 
Marilhat ; decorative wall painting attrn(•U^d 
masters like Puvis do (Miavanru\s and, more 
recently, Besnard ; Bastien- Lepage stands at the 
liead of the freelight painU^rs ; while the most 
recent group, the intimists, include 1.x? Sidaner, 
one of the most fascinating artists of the 2 ^ resent* 
time. 

Rodin and Stevens* Tn ^cuhiiure, 
France took an uncon tesU?d lead during the 
nineteenth century. Rude (a.d. 1784-1855) was 


the first to return to the national tradition 
which the followers of Canova had forsaken 
for cold cla.ssicism. Baryc (a.d. I7l)() - IsTo) 
stands iinapproached as a* sculptor of animals. 
P^irpeaux, Frcmiet, Dalou, and Falgiiien* 
must all l)e reckoned among the masters of 
their art. 1’bey all went to Nature for th(‘ir 
inspiration, instead of continuing the imitation 
of the antique that was so iirovalent in the earl\' 
2 >art of the century. Bodin, finally, achieved 
the introduction of something like imtnvssionisin 
in .scuhitiiro. Of the master.s of the 
Donatello i.s the one with wdiom he show’^s the 
greatest aflinity, though Rodin’s stylo is ontij:el> 
original and per.sonal. 'I’hrough the oeeentuation 
and amplification of certain jilant^s, he not only 
succeeds in suggesting movement, but a curious 
softening of the silhouetb^s, which makes his 
statues and groups app(5ar as if tliey w'ere bathed 
in atmosphere. Rodin, like all great reformers, 
met with latter opyiosition, but to-day his pre- 
eminence in the field of .sculpture is admitted by 
tho.se who are most connietcnt to judge. An 
example of his work is to be found on page 2010. 
In Belgium, Poristantin Meunier has created, in 
stone and bronze, a mighty ojios of Labour. His 
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jiims and achievements in sculpture are almost 
identical wutb Millet’s in paint. The one great 
sculptor produced by England in the middle of 
last century was Alfred Stevens, whose Welling- 
ton Memorial in St. Paiil’.s (‘athedral is worthy 
to Ix^ jihiced beside the ml^sterpie<?es of the 
sculptors of tlio Italian Renaissance. The last 
decades of the century witnessed an important 
advance in plastic art, and English sculptors of 
to-day have little to fear from comparison w ith 
their (Continental contemporaries. 

P. G. KONODY 
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THE STRUCTURE OF THE EYE 


W B have dealt with the main functions of tho 
brain, and it now remains for u» to con- 
sider the special senses and t he faculty of speech. 
We begin with the eye, and the first thing we 
should eltsxrly understand about it is that it does 
not see, and (;annot stie any more than a. photo- 
graphic camera. Tn the latter, tho object is 
focussed tlirough a lens into a dark box, at the 
back of which it is pictured on a sensil.ive plate, 
but tho camera do(*s not see — it is the man be- 
hind the camera who sees. He peers through tlie 
ground glass at th<? back, and sees the object 
mirrored there. Of course, it may be objected 
that this is necessarily so, gince sight is an 
attribute of life, and tlu^ camera is not alive. 
This is true, but nevertheless the illustration is 
of force because it is difficult to realise that the 
(‘ye by itself is exactly like the inanimate' camera, 
alive though it be, only receiving and i‘<‘fi(‘cting 
the images, and that it is the brain beliind the 
(‘ye which really sees. 

The Real Centre of Sight. Wo have^ 
already noted that the “ o[)tic lobes,” the real 
centre's of sight by which wo soo, lie in the base 
of the brain just in front- of the j)ons in tho 
medulla. These lobes an' direcitly connected, 
ca(di of them with both oyoa ; and if one lobe bo 
destroj^ed, total blindness of the opposite <‘y<^ 
(‘nsues. while if both an' destroyed, complete 
blindness ensues, tliougli all images are juctured 
on the two eyes, or “ eanu'vas,” as perfectly as 
<‘ver, and that, too, by vital and not merely 
ehemii'iil luocasses. 'J’his is seen in eases of 
diseas(? destroying these lobes, wlii«*.b are 
then'fore the ])syehie centres of sight. In 
exactly the same way the ear do(‘s not lu'ar, nor 
the tongue taste, nor the nose siiu'll. 

The £yeball and its Protection. Kaeli 
eyeball [85] is a hollow, flattened sphen', about 
IJ in. in diameter, lying in a })yramida.l bony 
cavity known as the orbit. T'his is tilled with 
iat, in which the eyi'ball n'sts as on a cushion, 
and revolves fn^ely in a caf)sulc without tlui 
k'ast fri(!tion. This orbit proteets the eyeball 
from any ordinary injury in front, where it 
is very strong ; but behind the (‘ye its walls 
arc very tln'n, so that the point of an umbrella 
thrust, into the sockt't might easily enter thii 
brain, and yet an iron hat- peg nearly II in. long 
has b(*(*n extrax^ted from the orbit, where it had 
Iain for some days without causing niiieh incon- 
venience ! The eyeball is still further protected 
by the tuH) eyelids, tho upp<*r of which, at any 
approach of danger, closes down involuntarily in 
front of the eye. Above and on the outer side 
lies the lachrymal glayid [86], and every time tho 
®y<i^ .wink.s a tear is squeezed out of it and sweeps 
acr<^ the eye, washing all impurities away» and 


leaves the eye by a little duct leading into tho^ 
nose. This takes place about five times a: 
minute. Only when the tears are rapidly^ 
excreted under the influence of emotion do theV'^ 
roll over tho lower lid and we arc said to ” cry. * 
Tears are not secrett'd before six months — infants, 
therefore, do not really “ cry.” 

Six muscles arc attached to the sides of tho 
eyeball by small white tendons, so as to })ull it 
in every direction, ()n(i of these tendons which 
rolls tho cy(^ upwards runs through a perfect 
little pulley in the top of tlu' orbit 1 87 1. 

It is of the utmost importanc^e that both eyes 
should move together, and this has been secured 
by a similar nerve supply to both eyes- an 
arrangemi'iit that is generally, but, as wc shall 
see, not always, successful. VVlu'u it fails, wo 
squint. 

Why Both Eyes See the Same Object. 

The two eyes an', of course, the sole cause of 
stereoscopic vision, by which two pictnrt's from 
slightly dilVerent points of view arti combined 
into one, thus giving tho sens(* of s]>ace or solidity 
— in short, truly pieiiiriug the world of three 
dim(‘n.sions in which we liv('. Had we but one 
eye, we should sec; everything in the same plane 
in two dimensiems ojily, and had it very difficult 
to uiiderstaml solidity. 

Tn front of the (‘yeball is inserted a circular, 
transparent, membram' calk'd the cornea [85k 
through which all light I'uters tlK', interior. Jt 
is apparently ” k't into ” the (‘y('ba.ll, much 
as a watch-glass is lei into tlu' farn; of a watch. 
It is really, witli tlie rest of the outer coat of. 
the eyeball— calk;(l the scderofic— comprised of 
very tough librous tissue. Jn tfu' cornea alono 
tli(5 cells an; prTf(‘(;tly transparent, and are 
arranged in perfectly [xuallel rows, and there are 
no blood-vessels. 

Mechanism of the Eyeball. It is 

difficult, as we look at this transpan'.nt, glass- 
like stnjoture, to beli(n'(; it is composed of about 
100 lay(;rs of living cells. The surface consists of 
a false skin, like the epidc;rmis of tho body, with 
th(' same active life going on every hour. Tho 
substance beneath is a mass of transparent, 
fiat, fibrous bands, with irregular spaces between 
them. These spaces are filled with white 
corpuscles from the blood — a matter 
interest, because here their movements can bo, 
most closely watched during life. If a little 
aniline dye be injc'Oted into the leg, after a time 
some part of the cornea may bo tinged with the 
colour through white corpuscles which have 
absorbed it into their bodices having mode their 
way to tho eye. 

It is evident that on the perfect transparency 
of the cornea all sight depends, for at the presen^. 
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time, onoc tiie cornea has become opaqne, 
AO AMmns is known c(f restoring tbe sight. The 
eyelids are lined with a delicate skin called the 
oonjvnotiva, which is continued all over the 
eyeball, and whose antenor layers form the 
epidermis of the cornea. 

The Iris and the Pupil, On tiie inner 
side of the cornea is a syimll oAc)w^>fr- like the 
space between the watch-glass and the watch — 
hlled with a cJ^ear imlery jVnifL called the aqueous 
humour. The chamber is bounded behind by 
the iris, a oolound muscle with a contractile 
circular apt^rture or diaphragm, tlirough which 
the image to be seem enters thf‘ f*veball. T})e two 
iridfiS are not always of the same colour, and 
brown s^^ots are frequmlJy seen u]iou them. In 
aibinos they are pink, because, having no colour, 
the blood is seen through th<uii ; and as l oo much 
light thus entors the these indi vidua la ace 
bfisfl in the dusk. The pupil, or black hole in the 
middle of the varies in size according to 
tbt* amount of light and distanf*c of tb<* object. 
It cuts off all superHiaous lights so that tin* 
image is defiiK^d shai^dy aa>d clearly. The 
wwnsch^s t>f like iria can f'ontra-ct t-he aperture, 
or pwfdt 1o a |>in'holes or ^^xpand it to ont'-third 
of sm The pujiii only iooks black because* 

tfce inteiri*oT of the cyebaD is dark. Its average 
sfiyye is | in. , and the emtres of the pupils should 
Im^ 2J in. apart. In a dark room, or when look- 
ing at objects a long way off, the pupil is ex- 
panded, ujid it is (contracted in bright light 
or when looking at innir objects. This far- 
away l(M)k, fj'oni gazing at distant objects, 
by expanding the pupils, inen^ases the beauty 
and “depth” of the eye, and is soinetiuies 
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owltivAtod 4irtilicially, and often depicted in 
sketches of female hc^ads. Certain drugs, .such 
as atrapittc, enlarge tho' pupil, also fear, weak- 
ness, a^ .alcohol Other drags^ sneh as the 
Calabar bean and opium, contract tho pupil. 
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in men, the muscle acts involimtarily, Vmt 
ammals that prey by night, as cats and owYs. can, 
it is said, use it voluntarily. 

The Focus of the Eye- Just behind Hit* 
*‘iris,” or coloured curtain of the eye, li(\s the 
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cryf'htUim letn> |85|, by vhieh all images a-ro 
brought to a focus on tht*. back of the eye. ^’his 
lens IS hi-conK\t\ and about ball an inch in 
diauu'tcr, and its effect can be S(‘(*u by fo(‘Ussing 
any \icw or object on a whitt* sheet of j)a}M‘r, 
vviih a sitnilar lens. The distanci* of the k'ns 
fi'om 1h(‘ paper r<‘quisite to j>roduee a clear focus 
on the }m.per is deterraintd by the* distance ot 
t/hf* object, the whole variation b(^ing, howc\'<‘r, 
vcTy slight, th(‘ l(Tigth of tht‘ focal distane(* 
betw"een an object 20 ft. off and one 4 in. b(‘ing 
onh' bi. Jn the eanu'ia. wh(*re the iniUcge of 
the sitt(T has to f>nss through tlje lens on to the 
ground glas-* or s(*nsitive platt* at tlie back, Ibo 
k-ngth of the focus is adjusted by JUOMng the 
Imis backwards or forwards with a sereu nnlil 
th(‘ focal l<‘ngth is arn\(*d at, and a clear, sharp, 
reversed image of tin* object is obtained. In th<‘ 
eye th( len*^ is lix(*d, and the s(*nsitive senu'n 
that n'vv\\v> every image is also fixed, about 
5 im liehind it. 

Near and Distant Objects. To under- 
stand the focussing of tlu* eye, one or two points 
must iK'iw bt* made elear. All viaaon is divided 
into " far '* and ‘ near.*’ All objcr!t,s ovct 20 ft. 
are far,” cu’ ” distant,” aJl otinw arc near,” 
Tn the nrvrmal eye, the rays of light from each 
object over 20 ft. distant, being parallel, arc.* 
naturally focussed on the eye by the lens, the 
only adjustment needed being, as we have 
shown, an enlargement of the pupil to admit 
more light. Ob 3 t*ets under 20 ft. requin* what 
is called accommodation, afi rays of light from 
theses are divergent. This is an operation ptT- 
formed uitconsciously and exactly, according 
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to the dietanee of the objective froirt the 
Whether an object is 30 ft. away or 30,000,000 , 
miles, no change in the eye is needed to see it, ; 
but a great change in the eye is needed to see 
an object at 10 ft. and another at 2 ft. Tho^^ 
change required is threefold : the pupil is con-* 
tracted and the two eyeballs converge— a slight 
inward squint— according to the nearness of 
the object, and lastly the l<»ns becomes incrcaS' 
ingly convex according to the sumo law. This is 
necessitated in the eye when the foeal distance is 
fixed, but is not j(*(juired in the camera when the 
focal distance can be altered instead. Tiie more 
convex the lens, the shorter the focal distance, 
and the lens is tlu*refori‘ autoinatically alier<*d 
according to the distanc e from the eye .of any 
object under 20 ft. 

The lens is of almost jusb'ct <‘lasticity, and a 
thin membrane stretched across the front of it 
kts'ps the anterior surface hatter than the 
posterior, and a special set of muscles instinctively 
* relaxes this mom bra ne to let the front of the 
lens bc(*ome inoie convex as required. Aceom- 
modation, or adjustment of visicm, for objects 
under 20 ft. is therefon* a threefold muscular 
action — namely, contraction of pupils, con- 
vergence of ey (‘halls, ancl convexity of lens. 

Behind the l(*ns is the interior of the (‘yehall, 
filled with a delicate crystal tine through 

which the light passes to the hack. All the 
light coTn<‘S through the aperture in the ins, 
which, whatever colour it may be on the front, 
is itself black on the inside, to prevent any rays 
penetrating into tlie eye, except by th<‘ pupil. 

The Nerve to the Brain. The nerve 
that passes from the brain into the ey(‘hall to the 
(•{‘litre of sight is lik(‘ a stalk to the eye, and is 



THE YELLOW AND BIJND SPOTS 


^ thick as a small slate-pencil [87]. It does not 
enter the eye exactly at the back, but in. to 
^the inner or nasal side, and then spreads out into 
a thin. film called the retina, in. thick, all 
over the inside of 4lio eyeball, excepting the 
anterior third, where no image nor light can ever 
come. It does not lie immediately in contact 
2016 


; 'Mth coat bfvthe^eyebfdl 

itself, for between two is a layep of cells called^ 
the choroid, having the appearance of bUbck 
'‘velvet, so full are they ofliiaok piflpneat, which 
forms an admirable background mr the trans-; 
parent nerve film that he*® on it, while it allows' 
no ray of light to pass through. 

This nerve film [82 and 83], thin as it looks, con- 
sists of some dozen most complicated layers of 
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cells of various kinds, the innermost, next the 
choroid, being a layer of so-(*alled rods and cones'' 
The rods ar(‘ filli'd with a d(‘]icat(‘ fluid eall(*d 
the visual jiurple, which is l)lt‘aeh(‘d as the light 
falls on it. They are supposed to give tho 
picture look(‘d at in black and white, while the 
cones are sujiposiMl to hi' connect (‘(1 w'lth tho 
colour scns(‘, certain (jf them ies])onding to tho 
red rays, otlieis to tin* blu(‘, aiul olh(*rs to the 
gr(‘en or yclloiv. 'rii(‘ retina itself is quite trans- 
parent during lite, hut cloudy and ])ink alter 
death. 0})posit(‘ th(‘ (‘(‘litre of the lens, at the 
very spot where all objects art‘ focussed that are 
directly looked at, th(‘i(‘ h an (‘icvation called 
the ntacafa littea, or yellow spot [84]. The optic 
nerve enters in. to the iuikm* sid(‘ of this spot. 
In this s]>ot, all the layers ilisapx)(‘ar oxeepk the 
cones, and sensitiveness decreases with the 
distaiK'es from it. Thus, .V’ away, the sight 
is only | as aeuli* ; at 10 \ ; at 20\ 

at 30 \ ; and at 40“, only B(‘yond this, 

vision is imperfi^ct. Every nerve fibre that 
enters the eyeball by the optic nerve is con- 
nected with about sev(‘n con(‘s and pigment cells, 
and 100 rixls. 

On tho rods and c6nes that lie innermost 
against tho black choroid coat evt'ry object 
fioin the external w^orld is thus t(‘iiiporarily 
photographed. 

We can “ see ” many things at once, but wo 
can only “ look ” at one object at a time — that 
is, focus it on tho yellow spot. 

The Blind Spot. As wo have seen, 
the optic nerve itself cannot receive any image ; 
and as there can be no retina where it emters tho 
eyeball, so part of every image wo see is lost, as 
ii a black bo}e were punched out of 




TIIK EYE, SHOWING THE GLANDS AND 
THAT CLEANSE THE EYEBALL 
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■ only WO nowp notice this, any more thaii tho fact to tbo tact that it has a curnd rctiim oqui- 

" ^at everything wo soo is upside do\ni, because distant in every part from the Kmis. Tlujoanien 

wo hav^learnod insthuitively not to notice the has a/ui p/afe, and can only therefon* poilec tU 
blank spdt, and also to reverse tho visual imago focus a very small part at the same time, 
in tho mind. But that tho “ blind si^ot ” oxista. • ' ^ow the Eye Sees Colours. J.ight 

itself consist a in the movement of liimh\on^ 
vnves of eHiPr traM'lliiig at a speed of 
miles a H(*e(>iul, red //^/crs* l^irig the longest, and 
rio/ef thi‘ shot led, gretn 
oe(Tip^>ing a middh 
jdace, "riiis pcrhajis 
aeeoiints for the rest 
that green gives to the 
<‘ye, for l)eiug of a 
middlt* tone its vilmi' 
tioiis ar(‘ not so fatigu- 
ing ns those that are 
vt‘ry rapid or slow. 
Th(* variations in light- 
Wti ves a re, ) lowe vt^r^ 
miieh more limited than 
H o n n d - waves. Kaeh 
colour is caused by 
waves of light of a tle- 
tinit(‘ length, and cer- 
tain eones st‘em able* 
take up only the red 
rays, of hers tiu* grt'en or \ »*llow, oth(‘r.s t Ik* blue <»r 
\iolet. The* Solution of the pir/zle on our walls 
of “ l\'ais‘ So«i}) ’’ IS tlius qujte ob\ loiis. We 
stare at the gieat reel letters until all our re*el 
e*(mt‘S are exliausted, and \ve‘ eaimot se'O with 
them ; then, if we turn our eyes aw'ay, though 
the wdiole* image of the' “ iVais' ’’ is li\e‘d few a 
lime on the r(‘tina, the* n*el cones be'liig exhauste*el, 
W'o only hriM* the blue* and yelUnv le*ft, anel benee* 
ae*e* it as gresm. Of cemrse*, if the ivel w'ere ne>t 
exliaiisteel, and we tuini'el away, wt* should not 
se'c it in aii;y colour «il •ill, loi all eolouis together 
make^ wdiito light. 

Colour •* Rlindness. Oolour-bliiidness is 
ne>t at all uneominon, ami in some* eases is most 

(l.oige'ious, par- 
tJeiilaiJy in juii 
way i‘in|>loyees, 
fen real blind ri<‘ss, 
w Inch is the most 
e-oinmoii in e*ii- 
gine drivers anel 
oth(*rs, might 
lead to fatal coii- 
Hoquenees. Pro- 
longed smoking 
of strong tobace o 
often can SOB such 
ivd- blindness, so 
that no difference 
can be seen hotwT*en a red rose and its leaf. 
Colour-sight, like all else in the body, increases 
by jiraetiee*, the cones being living Ceils. Acutc- 
ne^ss of vision is dependent not omy on a iierfect 
eye*-cttiner.T, but is partly psychical and due to 
long practice. Four thousand years ago the 
Arabs nam(*d a small star in the tail of flu* 
Great Bear, now just visible, »Saidak,” or the 
Tester (of sight), and todiu" their vision js 
w'onderfully keen. ' A. T. fe5CllOFIKId> 
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; is proved by closing tho left eye, looking steadily 
at this cross, and slowly 
raising tho licad np 
to a certain point ; 
tho black dot will be 
soon as well while you 
still gaze at the cross, 
but at a oortain height 
it will suddenly dis- 
appear. At this height, 
while tho cross is im- 
pressed on tlie yellow 
spot, the black dot is 
just on the optic norvo, 
and hence is not .se<‘n, 
proving tlio nerve of 
sight itself to bo blind, 
and only able to re- 
ceive impn ssitm.s of ob- 
j ect s tb roll gh t he n't i ria . 

TIk^ <iyc gazing at any bright object soon gets 
exhausti d, for tho obj(*ct is not merely miiTored, 
but j)ositivc;ly photograjdied, as we liave showni, 
upon it. If a rabbit be killed in front of a 
window' in a bright light, and its retina examined, 
the bars of the w'indow’ can b<^ seen bh'aehed 
upon it. Hcnco,^for a time after coming into 
the lioust* on a dazzling day we are quit <5 blind. 

And here let us once more compare the eye 
w'ith the canu‘ra. A photographic artist, 
standing by a sensitive camera, looks at the 
object wdth bis eye, and w'o may observe the 
simultaneous process going on in tho tw'o. At 
the same instant tliat he takt's the cap off the 
oa-mcra h<* may open liis own eye wide, and thus 
1 akes off t he cap, 
or eyelid. TIk* 
light reilected 
from' tho objt'ct 
now str(*ams in 
at tlie cornea in 
the eye and at 
the opening in 
the camera. 

Pas.siug back- 
ward in both, 
the first thing 
met with in eaeli 
is the bi-conv(*x 
lens. This serves 
to gather up the diverging lines of light from 
objects under 20 ft., or parallel rays frAn objects 
over, and causes thein to converge to a focus as 
they pass in to the sensitive plate in the camera, 
pr the retina of the eye. On each, they at otice 
bleach the object reversed. Here, in tlie camera, 
ihe process ends ; in tho eyes, the imago is at once 
conveyed along the optic nervo to the centre in 
tho brain, which '‘sees” it. The eye has 
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British Long Wools, Short Wools, nod Momitalit Breeds. 

, General Management Dttilillflg* the Profit from Wool. 

SHEEP , AND SHEEP BREEDING 


T he sheep has always played an important part 
in the history of aj^ricnlfurt^. Although it 
has not served as a boast of burdim like th(‘ o\, 
still it supplies practieally everytinng in tlu* form 
of clothing and food whieli man riMpures when 
in a primitive stale. That it was assoc iated 
with man in the pastoral stage we gather from 
early records, clearly showing its remarkable 
adaptability to stand various ehanges of elimatc, 
and to thrive' under adverse' conditions. Little* 
Roema to be known of the (‘arly ancc'stors of the* 
prc'sent Brit'sli broods, or when sboop tirsl 
appeared in the British Isles. It is know^n, how^- 
over, that Britisli wool was held in higli estc'om, 
and a woollen manufactory flourislicd in England 
shortly after the advent of the Romans. 

The Value of Sheep. For many years- 
sheep W'ore cultivated almost entirely for their 
w^ool, and it w'as not till later, when tlu* population 
of the Triitc'd Kingdom increased, that tlm value 
of the carcase was recognised, and the th*ece 
began to bo sacrdiced for the' bettc'r (irodiielion 
of mutton. And it was only dining the nine- 
te(‘nth century that, ow'ing to Ihi* enhancc'd skill 
of breed(*rs, the highest metliod of bringing wool 
and tl(‘sh to pc'rfection was aehi<*ved. The 
quality of the wool, howc'vc'r, has in some 
rc'spects di'teriorated, and for tlu* nianufacturc* 
of the best classes of goods recourse is now had 
to ini'i'inos. 

Another charaetenslic of the sluM‘p which m 
of great service to the fanncT is its power of 
improving and restoring fertility to land ujion 
which it is fed. On sandy soils and poor, liglit 
land the value of sheep for this jmrpose eannot 
be over-estimated. I'lie old Spanish ])ro\u*rb 
“The* golden foot of the sheep” refers to this 
fact. The treading of the small feet in con- 
solidating light soils is also an advantage for the 
" growth of tlu* suee^'ediiig crojis. 

Tlui breeds of sheep in the British Isles are 
best eUssilied according to their ileecc into Iona 
wools, short wools, and mountain breeds. VVe* 
first review the Lono Wools. 

X«eiceater. Owing to its history, and to (he 
fact that it has been mailc use of to impiove 
several of the other breeds, this breed may be 
looked on as the most important race of English 
sheep. It was the bret‘d which in 1755 llobcit 
vBakewell, of Dishlcy, in Leicestersliire, started 
to improve by his methods of in- breeding and 
selection. The sheep he began with w*as a 
large-framed, slow-growing, coarse animal, with 
‘"'a heavy fleeee of somewhat indifferent quality. 
^This he converted by his special methods into 
pa smaller, more symmetrical, and finer- boned 
^ sheep, with better fattening qualities. His 
/ principal aims were improvement of form and 


quality of Hesh, combiiu'd with early maturity ; 
and he treated the (lucstion of tlu* fleece an 
a matter of quite sceondai-y importance. The 
improved characters and luon* rapid feeding 
qualitU'S of Bakewell's flock after a time attracted 
the notice of his neighbours, and shortly afti'r 
wards a d(*mand sprang up for the us(* of rams of 
his breeding for inqirovmg the sheep-stock in his 
own and o1 her ilistricts. 

The modern type* of Leicester shows tlu* 
characteristics t hus dev'cloped m a marked degree, 
and in eonseqiienee it has for many years been 
sought after by (‘ontiiu'iital and other brcetler-* 
for purposes of crossing, although some other 
bre(‘ds, which owe their improvenu'nt to Leicester 
blood, like the Lincoln, have achieved a much 
greater pojmlarity. owung to the length aiut 
quality of Iheir wool. 

Characteristics of the Leicester. The 

following are the spi'cial points of the bret'd : 
Tlie head is small and tint*, and slightly woolletl 
on top ; the face is white, with a slightly blue 
tinge, and the ears thin and long. The body is 
squaie in frame, with the fore ((iiarters specisilly 
we ll developed ; the hind (juarters are, as a rule, 
not so full as they should be, and often form a 
weak point in the* br(*ed. 

The bone should be fine, and, together with 
tho tibre of the fli'eee, should show evideiices of 
quality. IMurt* should be a marked tendency 
to fatten early, but this, unfortun.vtely, is often 
eombiiietl with an undue laying on of fat, which 
deteriorates tlu* quality of the mutton. 

Bak(‘weirs siiuei'sH in tlie improvement of IIk* 
breed may be attnbut(‘d to (I) e.Ktraordinarv 
powvis in judgnu'fit of form and quality ; (2> 
his ('iideavoms to obtain the b(*st stock from all 
sources ; (.3) hi*- svsh'in of bneding from closely 
related annuals: and (4) the elimiu.ition of all 
animals not cDiifoniiing to the ty[M* ho was 
aiming at i»rodu(*ing. 

Border Leicester, This is a larger animal, 
stronger in the* hone and nion* vigorous than the 
English type. M’hi're is little doubt that it 
originated from Bakewi'H's Leicester by crossing 
with North country ewes. The head is long, 
and tlu* face is covered with short, white hair, 
which extt'iuls W'(*1J b.iek behind the ears ; the 
legs are also clean and white. The body is well 
.set up, but [ireseiits a somewhat light appearance, 
owing to the h*ngth of leg. The wool, which is 
in little locks, is lustrous and soft, although the 
fleece is sometimes too open. The breed is 
particularly found in Northumberland and on 
the Scottish border. 

Cots wold. The Ootswold is a very ancient 
breed, whose home for generations has been tlie 
Ootswold Hills of Gloucestershire. It is specially 
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noted for its stylo and graceful carriage, and the 
large tuft of wool on the forehead, which hangs 
down idniost to the nostrilb. The ewes, however, 
gradually lose this tuft with age. 

The head is well carried on an arched neck, 
and the face is cither white or slightly mixed 
with grey, with legs to match. The body is long, 
level, and wide, with a bioad, straight back well 
covered with firm The fleece should be 

composed of long, lustrous wool, and have a well- 
defined lock, showing a w'avy curl. Hams aro 
largely exported for purposes of cros-Hing with 
other breeds. 

Lincoln. This is a very heavy sheep, com- 
peting with the (.*utsvvol<l as the largest of British 
breeds. It has Ix'cn improved in the past by 
crossing the old Lincoln, noted for its length and 
quality of wool, with tlu^ Knglish Leicester. The 
face is pure white, and tlio liead is Kurmomite<l 
with a tuft of wool, though not tpjito so abundant 
a.s in the Cotswold. 

In body it is a large, square -framed sheep, very 
deeply fleshed along the ba(‘k, and well devoloiH'd in 
the hind quarters. The wool is long, lustrous, 
strong in fibre, and of superior quality. The rams 
of this breed are very popular with foreign buyers 
for iiicre4ising the size and w'ool production of 
their flocks, and of n*(.*ent years high pric(‘s have 
readily Imm*u commanded by Lincoln breeders for 
first-class rains. 

Romney Marsh, or Kent. This old and 
hardy breed has been as.sociatc(l for many years 
with the marsh land in the south of Kent known 
as Romney Marsh. Tliey are white faced sheep 
with black noses, and a small tuft on the forehead. 
ITiey arci also chara(‘terised by the somewhat 
Romaic -shaped nose and low, eonii)act forms on 
short legs. In their native district they seem t<» bo 
remarkably immune from foot-rot, which is such a 
cunw.'. to must breeds. 

^ Devon and South Devon Long Wool. 

'I’lj.c Devon is a local breed of Devon and tV>rriwaII, 
Avhifdi has been greatly irnprov(*d in nx ent years. 
'Idle fac;<3 is white, and the b(Kly is long and ividi‘, 
jnodueing a earease of exeidleiit mutton, and also 
a lieavy Heeec of good w'ool. 

Anothc^r Ine-al brecnl found in Devonshire, the . 
South Devon long W'ool, lays claim to great anti- 
quity. It is noted ff)r its producti(»n of mutton 
and wool, and differs from the Devon long wool 
in bcHig stnnowhat larger and elipiung a heavier 
fhx'ce. The’faco and legs aro white*. 

Wensleydale. This large, high -standing shcej) 
is found principally in Yorkshire?, and sometimes 
spoken of as the Yorkshire* Ijoieestor. Tin? breed 
i.s e.'isily roeognised by its style (jf carriage, and by 
the head, which has a greyish-blue face and small 
fort'lock. The wool also is of spe(?ial character, 
being open and l(»ng, and divided into little “■ pirls.” 
The rams are in favour for purposes of crossing 
with other breeds. Thus, when a Wensleydale is 
mated with blackface Highland ewes, it gives rise 
to the xiopular cross known as “ Mashanis." 

t Roscommon • A large, white-faced Irish brc?cxl, . 
found princij>ally in Connaught, the Roscommon 
approaches tin? (Jotswold or LiiU’oln in size. These 
shec*)) produce line carcases of mutton, and the 
fleece is long, heavy, and silky. The breed has been 
greatly improved by selection and by crossing 
.with the famous teicoster. 

Second in owlcr of classification are the Short 
W ojiLS, ‘Which coraprise several notable breeds* . 


Southdowii. The Southdown holds a similar 
position among the short wools to^ that held by 
the Loiecstcr among the long wools ;* and the early 
type was improved and brought to its present _ 
standard of excellence largely owing to the efforts 
of Johii Ellman, of Sussex (1753-1832), who worked 
on Bakewell's lines. It cannot, however, be looked 
upon as a farmer's rent-paying sheep, except in its 
nati\ e district in the South of England, owing to , 
the small weight of its^ carcase and the light clip. 

The head is fine, hut wide'betwcen the eyes ; and 
the face is full, and of an even mouse-(H)loiir. The 
body is rornjwict and deep, on sliort legs, and so 
symmetrical that it gives its owner the appearance 
of lx‘ing the most graceful of all the native English 
breeds. The llesh is well let dow'ii on to the hopk, 
and the twist is w’('ll developed, thus forming a good 
leg of mutton. The fleece is close, even, and short, 
and the wool of the finest quality of all the Down 
br(‘e<ls. The skin should be of a dear, bright pink, 
and the, whole appearance and carriage of the sh(‘f?i) 
shonld lx? such as to fascinate and engage the 
attention of the? observer. 

Hampshire Down. This breed is said to have 
originated by crossing the old Wiltshin* horn(?d 
sheep and the “ Bi'ikshirc Knot ” with the South - 
down. The lieail is larg(*, with a strongly marked 
Roman no.so, the fac(‘S and legs being of a v(‘rv dark 
brow^ii black. The body is long and deef), with 
w'ell-spning ribs. A slackness beliind the shoulder 
was at one tinu* a defect, but this has been largely 
got rid of. The fleece is fiiu' and close, coming well 
lip on to the hea<l .and rountl the ('ars. Tlu? c‘arly 
maturing propertie s of this breed have' bci'ii greatly 
dcv(?loptHi, and the? ewes come in season sooner than 
most other breeds. On this account, also, the 
lambing season begins early — that is, soon after 
(!hristmas. 

Dorset Down, or West County Down* 

This breed may be lookixl on as an offshoot of 
the Hampshire Down broerl, whi(?li Juts been 
specially (l(?vcloj>ed in Dorsc't shire wdth tlie aid of 
Southdown blood. The bre«?d is sometimes spoken 
of as the “ improvorl Hampshire.'’ 

Shropshire Down. This is a medium -sized 
sht‘ej», very similar in apjiearance to the Southdowai, 
but the head is more ma.s.sivo, and almost entirely 
eovc*red wdth wt>ol, which coinc.s on to the cheeks 
and right up round the eyes. The no.se, whi(?h ia 
the only i>art of the face exposcxl, is of a l>la<?kish-' 
hrowui colour. 

The breed originated from a cross between an old 
Shropshire br(‘ed known as the “ Morf<? (^'ommon ” 
and the Southdown. Tt is hardy in con.stitution, 
fee<ls quickly, laying on a good covering of flesh 
on tlie valuable parts, and is very accrommodating 
as to changes of soil and climate. It also grows a 
heavy fleece of first-rate quality, the w^ool being 
fine and <;IoKe set. For th(?se. reasons it has become 
very popular, not only in (Ir(*at Britain, but also in 
other countries, and the rams are much used for 
crossing purposes with other breeds. 

Suffolk Down- This variety was the outcome ^ 
of a cross between the old Norfolk horned sheep 
and the Southdown. Its head is very characteristic, 
being hornless and bare in appearance, while thq 
face is covered with fine, coal-black hair, which > 
extends well back behind the cai*s. It posscssesj^ 
, a square frame, well covered with firm flosh. Its 
legs are clean and straight, black in colour, with 
fine, flat bone^ Tlie points of the breed are wealth ^ 
of constitution, early maturity, a fine, close ficjii^/ 
ai>d excelbnt quality of mutton. 



Dorset Horned* This is a vary old whito- 
faced hotned 'Oreed found in Somersot, Dorset, 
and the western counties. The horns are oharac- 
!;^,.lberistlcaJly curled, and the nostrils are pink. The 
owes are no^d for their fertility, and ran bo bred 
^ from twice in the year, but this is not often done. 
Owing to the weakening effort it has on the consti- 
tution. The lairibing time Ls October and November. 

Ryeland* This local brcoil, of ancient origin, 

/ IS found in the Uyelaiids of Htnofordshin*, and 
nearly disappeared a ft*w years ago. The head has 
a white face surmounted by a to]i-knut, and the 
legs are also white. They are small sizc'd, comiJart 
sheep, with a vigorous eonstitutioii and a short 
fleece of exceptionally line wool. The rams are 
often used for purposes of eiT)s.sing. 

Oxford Down. Tins breed was formed by a 
cross between the Cotswold and the Hampshire, 
with the object of combining the w'(‘ight of carcase 
and length of fleece of the former with the quality 
of mutton and fine wool of the latter. ,It is now in 
much favour in the English Midlands as the farmer’s 
rent-paying sheep, and is well thought of by butchem. 
In fact, in some places it has ousted the original 
sheep of the district as a general -utility animal, 
'fho head is large, with th(‘ w'ool forming a to]>- 
knot and coming well on to the face, w^hieli’ is of a 
brow ('(dour. Tlu’i body is deep and long, and 
well floNhcd. The fleets' is heavier than in the other 
Down breeds, and the mutton is of good quality* 
and not too fat. 


Cheviot. Among the Mouvtaiv Bkeedjj, 
whi(di come last in our classification, are some very 
hardy animals. The (’hoviot holds an iiniKn*tant 
place among mountain l)r('('(ls. It is very hardy, 
and can adapt itself to changes of climate, so that 
when brought down from higher elevations it fattens 
rapidly on lowland farms. It is easy to recognise 
by its noso of Roman type', and face' covered with 
short, white hair, wdiieh is carried back well behind 
the ears ; its small and compact body is set oii short 
legs of a white colour, and lerininated by a long and 
well -hung tail. The wool is straight, and of mode- 
rate length, w'cll covering tlm body. It ero.sse.s 
with the Wemvsleydale or Border lAueestcr, pro- 
ducing the famous “ half-breeds ” or white-faces.” 


Scotch Blachface* An evtm hardier lu'eed 
than the (’heviot, tlu* Scotch blaekfaco thrives on 


)>oor and exposed pastures at very high elevations. 
It is the tyj>ical liill .^liet'x) of Scotlanrl, and is kept 
in enormous Hocks on the high-lying sheep farms. 
Both sexes are horned, and the face and legs are 
mottled, showing black and white in well-defined 
patches. The fleece is long, strong, and eoars<* in 
texture, and oonso(piently fetches a lc;wor price 
than rpe finer wools, bnt there is a good demand 
^or it in Americai. As might bo expected, the breed 
is slow in coming to maturity, bnt the mutton, 
when grown, is of the finest quality. 


^llSerdwick. A local br^ed found on tJic hills 
.01 Cumberland • and Westmorland, the Henlwiek 
Assesses a great wealth of constitution. An old 
fogond states that they are the descendants of some 
Bhee]> saved from the wreck of a galleon which 
formed part the Spanish Armada. The face 
and legs of the lambs are generally of a darker 
bolour when dropped, but gjradually change to 
white or steel-grey. The wool is strong and coarse, 
like that of other mountain breeds. The rams are 
jE^motimes horned. A poculiaiil^ Pf the breed is that 
* uals are sometimes found mil ad additional or 
^nepth rib. “ . 
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The Llme»tone and Lonk. The limestouo 
is another local breed, found on the limestone lulls 
in parts of Westmorland and D Tbyshire. B(Hli 
rams and ewes an' horned, and the faces and legs 
are whit(‘. The wool U also white, and very long, 
and th (3 mutton is of good quality. It is hardy and 
prolific, and it is possible to breed fat lambM foi 
Christinas. 

Th(3 lonk has its home on the hills of VWst 
Yorksliire, Laneasliin*, and D^rhytshire, It is very 
much lik(5 the blackfa(H3 in ap]iearance, but is largi'r, 
and the fb'ccc is short(*r, fiiu'r, closer, and heavu'r, 
and tho constitution is not so hardy. It is a horned 
breed, with a long, nmgli tail, and the face and legs 
are black or mottkul. 

Exmoor and Dartmoor, The Evrnoor 
is a small, horned breed somewhat like tlic Dorset 
horiK'd in ap]>(‘u ranee, but .strong(‘r in (‘onstitution. 
It is found 111 parts of (Vunwall and Devonshire. 
The faces are white, with black nostrils, and tho 
mutton IS ot first-rato quality. 

The Da .1 tmuor, another bri'ed found in Bovonshin', 
is hornlivs.s, of medium size, and very hardy, 'fho 
face and legs ar<3 spi'ckled, and it possijshcs a good 
llecco of soft, l«>ng, curly wool. 

Welsh Mountain, 'fbis small, hardy, long- 
tailed breed is found on the InlKs throughout the 
Principality, 'fhe rams luivo gracefully curveui 
horn«, but the ewes are generally hornksss, and their 
face and l(’gs aio white in colour. It has a great 
reputation for producing small, juicy eari'ases of 
tniitton, which aro higlily prized on tho London 
market. On tho Welsh hills tho original small 
breed exists, but in tho lowlands its eharaeti’r has 
bi'on homewlici-t alU'.red, and its size increabcd by 
crossing with early matiiung breeds. 

Kerry Hill* Radnor, or Tan face* Tho 

Kerry Hill may be looked on as the most important 
of a nunibc'i’ of local Welsh bri'c'ds which havo 
recently eorne to the front. It is hornless, with a 
speckled or mottled facf' and legs and compact 
body. Jt produces a good flceet' oi fine wool, and 
carries its tail long. 

The Radnor is an old Welsh mountain briTd from 
Radnoibliire. Tliev are short -legged, liardy little 
shoe]), with long taik, and produce a i lose Heeee of 
tino wool. 'Hie faces .ind l(*gs are spi*c-kl(*d. ^khe 
owes eniss well with Shropsliiic, llanqishira, and 
Oxford lanis for tho production of (-arly lamb. 

Clun Forest, This brt'cd originated by crossing 
an old, tanf.K ed, native* Welsli variidy from tho 
(’lull (list I let with the Shropshire. Tho head is 
small, and the face is black to a fawn eplour ; tho 
hoi us aie going out, but the sheep retain their long 
tails. T[’1i( 5 mutton is of oxeellont ({uaiity, and Bold 
as “ Welsh ” on tho London market. It is ofUm 
eroH^ed with ranis of th(3 eaily maturing broods for 
purposes of getting fat lambs. 

Penistone. 'rhe IVnistouoisalong-taik'dbrecd, 
very vsimilar to tho limestone, and is found on tho 
borders of Yorkshire*, Laneashiro, and Derbyshire, in 
the neighbourhood of Penistoiio. Tho faces and lcg.s 
aio white or light grey, and horns aro gonoralTy 
present. Tho floceo is of medium longth, silky in 
appearance, but inclined to bo coarse m quality. 

The General Management of Sheep* 

Various systems of shoop-larming aro follpwod in 
different parts of the Dnitod Kingdom, the methods 
adoj>ted dciKinding on the soil and climate, and the 
spcxjlal objects tho farmorhas ih viovy. Thus, in tho 
more mountainous districts' in^.tho north and west 
the ;* hill-breodmg W feund* wool being tho 
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chief conaidoration. On chalk downs where there 
is plenty of rnoiti, lamb-breeding is often indulged 
in, the lambs being sold at, the autumn fairs. 

On arable farms which will carry shtjep the “ pre- 
maiiont flock ’* is the general practice. In this case 
it is usual to bn'cd, rcjar, and fatten on the same 
farm, forcing on the lambs for sale as rams, or for 
turning them into mutton. Should the latter be the 
object, the togs arc fattened off on roots during winter. 

A word must be said with regard to the influence 
which the introduction of root <Tops into the 
ordinary systems of farming had on (he sheep 
industry of tli<‘ Unittxl Kingtlom. ikdore the 
turnip and swede bc(\imo common farm crops, and 
helped to develop an intensive' systmii of arable 
farming, tlu're was litth* wiiitei food lor sheep and 
consequently their growth was .somewhat slow. 
Now, however, with improved breeds and bulky 
root crops for wintcM- keep, sheep can be fed from 
birth till they are ready for the butcher without a 
check, and in much less time than formerly. 

In the ease of grass fatms in the vales« where fho 
land is good, tlie “ flying fl<i^k ’’ is the usual custom, 
any sort of owes being bought in the autumn to breed 
one crop of lambs. The ewes and lambs are then 
sold oft fat at Kasler or soon afterwards. ]t may 
hero be liotcd that one of tht5 principal fai'tors of 
success in sheep- farming is to obtain the services of a 
good shepherd, who can be depended upon at all 
times, and Avhose sympathies are bound up in the 
interests of liis flock. I’ho chief jKiints in the 
management of a flock ma;y be dealt with undei the 
following headings. 

Lrambing. Lambing t.iKes place eailier in the 
southern counties of England than in tin* North, 
where the climate is less genial. The .site for the 
lambing-peii should be chosen with I'are, and dry, 
sound ground, with a southern aspect; is essential. 
The lambing season is the most anxious time ot the 
year to tlio sheoji-farnn'r, as on tlie er<»p of lambs 
obtained depeml the year’s profits. It shoiikl bo 
lomembered that jiaituritiou is a natural process, 
and that it is a gieat mistake, in iht* anxiety to take 
every precaution, to over-pamper (he ewes or to 
handle tliem unnceessanly. 

The feeding and treatment after lambing shouhl 
1)0 such as to give the ewe’s milking powers full 
scope. The best foods for this purpose arc a few 
roots, such as turnips, swedes, mangel, or a little 
<'abbage, together with elovi'r, hay, and a small 
allowance of a mixture of <iats and cake. Lamlxs 
arc very hardy; and when they have plenty of milk, 
after a few weeks' shelter about thi* pen may be 
sent with their mothers toaimtlu'r part of the farm. 

Weaning. f.iambs may be weaned when from 
thrci' to four months old. The exact treatment of 
ewes and lambs before and after weaning will depend 
very largely on the I'psources of the farm, and the 
object for which the lambs are intended. On arable 
farms, while with their mothers, the lambs should bo 
enoo\iragod to run forward through ereep.s to nibble 
the young shoots of turnips, and to oat a little 
mixture of oats, split peas, and linsetul-cake. Thus 
when wc'aning takes place they will bo already 
djocustomed to feed by themselves, and the separa* 
tion will affect them buti little. 

After weaning, lambs should be put on good 
msturo or seeds, and have a small allowance of com. 
Ewes should, on the other hand, Imj run on poor grass 
to get rtd of their, milk. Lambs intended for the 
butcher must bo torced along all thes time, and ax*e ' 
generally fattened off as tegs on roots during the 
winter, receiving at the same time an allowance of 
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artificial food. Ewe lambs to be kept on for 
breeding purposes peed only be run over fcke winter 
in healthy store condition. 

Washlngi Shearing, and Clipping. 

Washing is done in May or early Juno — about a 
week or ten days before the process of clipping. The 
object is to clean the sheep by removing ac(‘umu- 
Jation.s of dirt, and thus make the wool bright. 
There is some diffei*onco of opinion among flock- 
mahters as to the advisability ol washing their sheep, 
owing to the damage that is sometimes done to them ; 
but as washed wool is worth considerably moiii yier 
pf>un<l than unwashed, the jiroeess i.s usually 
<*arried out on most farms. Tho operation of 
shearing and (‘lipping follows about a wc(*k or so 
after washing, 'rhe time for this operation varies 
according to thi5 climate, beginuing in May in the 
South of Kngland, and later as wo go northward. 
Th(‘ t(*gs are g(‘iicrally .shorn first, the ewes following 
a vv(‘ek or two afterw^ards. 

Dipping. 'Hie value of dijiping is now fully 
recognised by farmers, and i.s rained out with the 
object of pn* venting jjarasitic attacks on shc'op, 
such as the fly, ticks, and scab. Dipping is at the 
pro.^cllt time compulsory, and has to bo pinfonncd 
at least once during the sinnmer. Ib'tter n'siilts are 
obtairu'd, how(‘v<‘r, if the sheep are dipyied a .seenml 
time, towards the autumn. A dip can bo made at 
home, hut it is gc'ncMally more eonv(*uieiit to 
piirebase a “ pat(‘nt dip.” To carry out the opera- 
tion a bath (‘f some sort, eitlier portable or fixi'd, 
must be mud(‘ use of. 

M'owards th(‘ )att(T jiarf ot the summer it is the 
eiislora to go thioiigh the bleeding stock to decide 
winch animals shall be dtafUsl and got rid of. 
Tho age at which a I'wc i.s drafted will di'jMMid on 
her geneial soundness, good jxuiils, and the 
condition ot h(‘r teeth. Draft ('W(‘s intendcMl for 
the butcher must b(‘ pushed on as rapidly as pixs- 
sibk*, and th(‘y should ie(*ei\e i xtia food m the 
shaja* of cake' and com. 

The Fleece, 'The \alu(* of a fleece will 
d(‘p('ud on its (jiiantity, quality, and condition. 
In examining a flec'ce tlie bi'st wool will be fouiiil 
over th(^ shoulder in the region of the heart ; tho 
eoai.sest wool is .situatisl on the thigh Tho flc‘(‘ee 
shouif! Ihert'fore he opont'd and inspected* in 
the.so two place.s wh(‘u pidging its value. 

W<M)| may he divided gtmeially for market 
purpo.ses into the following classes : 

(larding wools arc shoit-stapltMl wools, used 
jwineipally in the maniiufactiire of clothing and 
woollen goods. The I) >wn wools, especially tho 
Mouthdown, arc good examples of this class. 

Combirjg wools arc long-stapled wools used for 
tho production of worsteds. Lincoln, Cotswold, and 
other long-stapled wools belong to this class, 

(Carpet and knitting wools arc loiig-stajilcd wools, 
coaiso in fibre*, such as that grown by the Scotch 
blackface. 

These cla.s.scs may be again dividiMi into various 
grades according to the size or fineness of fibre. ThS 
quality of tho wool will bo ‘determined by its soft-^ 
ness, fineness of fibre, and soundncs.s. As a rule, 
short-woolled sheep produce tho finest wool. 

The great difference a rise in the price of wool 
makes to tho incomo of the farmer may be mdifes 
I'ealiscd when we romembor that some of tho larger* 
breeds clip 8 to 10 pounds or more per fleece, and 
estimate What this ^Increased value means to tho . 
owner of a large flock when there is a rise of 4d. or 6d. 
per pound. ; ‘ DRYSDALE TURNEI^ 
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Tli«>|Jj;ht Thrown by Riuiiuin opon the Origin and 
End of our Earth.- The Rays and Energy of Radium. 

RADIUM AND THE WORLD 


revelation of radium has led us to 
* believe that the human race may 
expect many more million >ears of 
sunlight than we had hoped lor eie the 
discovery ol radium upset th(‘ ac cepted 
cosmical time-table. The accepted view 
as to the sun’s heat w^as, as w e have already 
seen, that it is produced by a c onlmuous 
gravitational shrinking of his substance. 
Helmholtz, Lord Kelvin, and many other 
physicists have addressed themselves to 
this problem, and the verdict passed upon 
humanity w^as that it cannot expect moie 
than 5,000,000 years to live -piobably 
3,000,000 would be nearer the maik. 
Attcr that, assuming that the sun received 
no help Jrom any tiling but Ins own shrink- 
age, he would be too cold tcj support life 
upon the eaith. R(*asoning liom similar 
evidence the physicists were able to assign 
his age to the sun ; but while they cle- 
clarecl that lie may be perhaps 25,000,000 
years old, the geologists declared that the 
crust of the eaith was lar older, dating 
from hundreds ot millions oi years ago. 
There the controversy long stood. The 
late Marquis of Salisbury, in his once 
celebrated presidential address to the 
British Association, in 1804, made miK'h 
of this enormous disci epanev between the 
two estimates. It served his purpose, which 
was to discu'eclit the theory ol evolution. 

But it there be radium in the sun, then 
he has in it another and most potent 
source of his liglit and heat besides the 
slirinkagc on ' 'hich the physicists wcie 
calculating ; and his age may well be as 
long as that which the gocjlogists demand 
>as necessary in the past for the formation 
of the earth’s ciust. 1^'urthermore, i1 there 
hi* radium m the sun, there is no reason 
why he should not be vivifying a happy 
and fruitful earth ten or filty or a hunclrcd 
Hellion years hence, instead ot leaving 
posterity to die of frostbite after only 
three million years. 

Let us glance* for a moment at the 
reasons we have for believing that there is 
radium in the^sun. In the ftrst place, we 
have the fact, proved by the late Sir 
William Huggins and his followers, that 
suns and %tars and comets contain just 


the elements that occur on the Ifilirth, the 
whole universe being thus made of the 
same material. Earth and sun w^ere one 
in the nebula from w'hich the solar .system 
was formed, and tlicielore it would seem 
highly probable that any element occurring 
on the earth wall aho be present in the sun. 
A second lea^on ior believing that there is 
ladium in the sun is, as we have already 
seen, that its presence tliero would recon- 
cile the disagreement between the cosmical 
time tables ol tlie geolugi.sts and the 
physicists, who arc pluckily studying all 
time and all existence from the surface 
ol this lukewaim bullet,” as Stevenson 
called the eaith. A third reason is to be 
found in the fact that lielium is known to 
be evolved Irom radium on the earth, and 
thus its presence 111 the sun suggests that 
theie must be ladium tlicrc also. 

But the reader will ask w'hcther there is 
not a very simple and definite manner ol 
detei mining the answi‘1 to our question, 
ll ladinm is truly an element, he will say, 
it must have a characteiistic spectrum ol 
its own. The lines characteristic ol this 
spectrum should be recognisable in the 
sp(‘ctium oi sunlight if ladiiim be indeed 
piesent in the sun. Now, as a matter ol 
lact. numeioiis observations have been 
made without obtaining any definite 
evidence horn the spoclioscopo of the 
preM'iice ol radium in tlu* sun. This fai t, 
however, does not outweigh the positive 
aiguments wliieli w<' have alieacly enu- 
rneiated and others which aie frequently 
feeing added to t hem ; for it seems 
piobable tliat the chai acteristic contribu- 
tions which radium might be expected to 
make to the spectrum of sunlight may be 
absorbed by our atmosphere in such a 
fashion that they cannot be detected at its 
bottom wliere we live. There is nowadays, 
at any late, no doubt that the suit gives 
out electrons just as radium docs. One of 
the theories advanced for t;he formation 
of a comet’s tail — a subject to which 
reference was made when discussing radia- 
tion pressure in the course on Physics— 
was that these electrons hit a comet and 
develop its tail by causing its lighter paits 
to stream behind it, for a comet does not 
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develop a tail until it approaches the sun, and 
the tail i« always turned away from the sun. 
The electrons given out by the sun oro belicv^ 
to strike our atmosphere, and thus, in certain 
conditions, to make the rare*, gas krypton that 
exists in t|ie topmost layers^of the atmosphere to 
iHHJoine iiilrninous : and that, it is believed, is the 
cause of the phenomenon known as the Aurora 
Borealis. 

T^e Cooling of the Earth. But, as a 
JuattcT of fact, ne(‘d !\ot wait for a positive 
answer to our question - at any rate in so far 
as we ask it in the desire to explain the dis- 
crepancy betweem the two riAal estimates of 
tho age of tlu' earth. Sir Ernest Kuth(‘rford, of 
the University of ManelieatiT, the mast dis- 
tinguished pupil of Sir Josopli Tlioinson, of 
Cambridge, has gone far to solve this difficulty 
for us. One of the iiK'aiis by which Lord Kelvin 
(‘stimated the ag(5 of tht‘ earth consisted in a 
ealcuialion of its “ seen la r cooling the rate 
at Avhich the heat is radiated into space. But 
Lord Kelvin could not take into account, when 
he n»ade that calculation, Ihe remarkable fact 
discovered by RuthtTford, which is that radium 
- or, at any rate, radio-active matter is, so 
far as his observations have hitluMto goms 
a constant const itiuait of the mat(‘rials that 
compose the earth’s ernst. Now, UutluTford has 
ealeulatcd the proportion in which radium occurs 
in the earth's crust, has (‘stimated th(‘ amount 
of heat which such a quantity of it must pro- 
duce, and has actually shown tliat, if his cal<‘u- 
lations be correct, the radium of the earth’s erust 
suffices by its pr<jductiou of heat completely to 
replace and thus compensate for the heat which 
the earth constantly loses by radiation into space. 

The Rays of Radium. Those immature 
atoms of •helium, as we now' believe them to be, 
which physicists call tlH‘ Alpha rays, consist, of 
course, of material particles ; thi*y are not 
more vibrations in the ether, like sunlight, the 
llontgen rays, heat rays, electric waves, and 
most of the others with whicdi readers of the 
course on Piiisic.s are more or less Lnnili.ir. 
But tho emission of these rays, and the pro- 
duction of the eolebrated emanation to w'hieh 
th(3y give rise, eonslitide only one of the many 
activities of radium. I’hen* is a gn‘a( deal more 
that goes on w'ithin the spinthariscope than the 
jiine sulphide paper reveals to us. I’Ikj Beta 
rays, so called, must later be discussed, but we 
may here dispost* of tho third variety of rays 
which arc constantly being given off by radium, 
and w’hieh arti known as the (iamma rays (Alpha, 
Beta, and Camma are, of course, the lirst three' 
letters of t})(' (jJn^ek alphab('t). N(?w, tho 
iiamtm rays of radium are either identical 
with the Kontgen rays, w'hich are now almost 
commonplacM', or are at any rate nearly 
identical with them. We may guess that it is 
the occurrence of these raj^s that explains the 
similarity, in their unique and beneficent action 
upon certain diseases, between radium and the 
Rontgen rays. Liki' thesfj loiter, the Qamma 
rays have the most extraordinary penetrating 
power. It is said that they can bo detected after 


passing through fiive inches of armour plate. 
Not only does radmm ^vo out these rays, but it 
has the power of picking up, so to speak, any 
Rontgen rays that may bo about. If you are 
looking at a piece of radium in tho dark through 
a fluorescent screen, you may notice that it 
shines more* brightly than before if Rontgen rays 
arc being generated in the same room, showing 
that it has the power of picking them up JUid 
giving them forth again in an altered form, ^ 

What Half a Pound of Radium Would 

Do. Blit in addition to tho three kinds of rays 
to which special names have be(‘n given, radium 
is ever giving out a large quantity of those rays 
which we call heat. Whatever the temperature 
of its surroundings, it is alw^ays a little hotter. 
So powerful is this action, and so nearly in- 
exhaustible, that if you ec^uld obtain a sufficient 
supply of radium — ])robably lialf a pound would 
be quite enough — it WHiukl ke(‘p a room warm, 
not mer(‘ly during your lifetimi', but for hundreds 
of geiK'nil ions after you. We may mdo, how- 
ever, that, as th(* late Professor (kirie remarked, 
one would not cure to h<‘ in tlu' same room as 
half a pound of radium. 

Fastest Moving Matter Known. And 
now WM‘ turn to what arcs in sonu* respects, tho 
most iiiijiortaut products of radium. Like tho 
Atpha rays, the iieta rays consist of partielt'S. It 
is no easy iuatt(‘r to say, howi'ver, of w'hat tho 
partieh's consist. Th(‘ partieh's that constitute 
the Alpha rays may freely b(‘ deseribed, indotid, 
as particles of inattt'i*. As we ha\<* si'cn, they 
are really atomii’ jmrtieles. But the particles 
that constitute the lifftt rays are of proportions 
almost iiiHnitely smaller than those of tho 
small(‘st atom. Tho name applied to them by 
tlmir most (hstinguish(‘rl stmh'iit. Sir .fosepli 
Thomson, is c/yrpa^'ichs : (lu* most popular 
name, Imwevei*, is elecfrouH. I’lu'se lly out 
from the radium at a most amazing speed. 
Sir Oli\er Lodgt* has said of them, "‘Three 
hundred times faster than the fastest flying star, 
thi'y are tlie fastest moving matli'V knowui.” 
Until the dis(‘overy of radium, it w'as thought 
that the great (^st s[)eed ever obtained by mutter 
Avas that of ec'rlain of the ‘"runaway stars.” 
Arctiirus, for .instance— whom evc'iyone should 
know who can recognis»* the (heat Bear — 
moves at the rate of about one hundred miles 
a second, we used to bo told, but that is a mere 
dawdle compared with tho speed of those 
electrons. 

Matter and Electricity. Now, each of 
tlu'se electrons, or corpuscles, carries with it 
a tiny charge of negative ele(*tri(*ity. They 
an* believed to be all of the same size ; and 
the size is the same whether the electron bo 
give-n out by radium or by thorium, or by 
uranium, or by any other radio-active substaiux*. 
Hence it is that these substances are able to 
affect a delicate indicator of cleotricity ; and 
it Avas by this means that Madame Curio, under 
the guidance of her husband, was enabled to 
discover radium. She began with two tons 
of pitchblende, tlK> mineral in which radium ia 
principally found, and ended some months of 
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hard wotk by ohlainuig ono-ienth of a grain ol 
radium bromide. This property of aifecting an 
electric indicator was the only guide and teat 
that she had in tracing this minute quantity of 
the unknown substance she was seeking. 

We have said that the electrons cairif a charge 
Jof negative electricity, but now it sec'ins pro- 
bable that each of tluuii a charge of negative 
electricity, or, indeed, is an atom, of eledricity. 
Ana when we go on to in<pure when* these 
electrons come from, and wliat fli(\y are doing 
before tht^y leave the radium, we reach the 
amazing conclusion that atoms of matter are 
iriade of atoms of electrioity ! As a n'siilt of the 
revelations of radium, not only do we know that, 
one kind of matter may be changed into another, 
but. that matter itself cousist.s of (‘leciri(;ity. 

The Marvels of an Atom. Readers of 
this and its companion course [Phvsk'sJ are 
already familiar witli Lord Kelvin’s estimate of 
th(‘ size of an atom. Rouglrly s])eaking. we may 
nay tliat, if a drop of water were rnagnitiod 
to the size of the earth, the atoms within it 
would b(5 somewhere hetwet'u the size of small 
shot and cricket l)alls. This gives some faint 
idea of the size* of an atom. Rut now imagint* 
an atom of radium magnilied to the size of St. 
Paul’s Cathedral. Under such eircumsUinccs it 
would a])pear to consist of perhaps oiu? hundred 
and lifty thousand tiny .particles, each of. which 
is one of the electrons wo havt^ been speaking 
of, and the size of thos(‘ elect roiiiS would b(‘ 
about, the size of one of the full stops on this 
pagt\ 'I’ry to realise^ if you cun, from Lord 
Kelvin's illustration, w'hat the size of an 
utoin is, and then try to riialisc that the' ratio 
of an atom to an (‘leetron -tlu^ ratio of an atom 
of matter to one of its eonstituent atoms of 
electricity — is the ratio of 8t. Paul’-s (^atlie<lral 
to a full stop. Obvioii.sly one hundred and lifty 
thousand full stops would not lill 8t. Paul's 
Uatliedral. And so far away from one another 
' are the electrons in an atom t hat tin; relatives dis- 
tances ar(} comparable to those between the planets 
of the solar system. Hidativtdy to tludr size, 
the tdectrons arc as far from one, another in lliis 
inconceivably tiny atom as the earth is fi’om 
Mars, whi(di has an averag(i di.stancc^ from us of 
sixty millions of miles. 

The Atom and the Solar System. 

v.^rhis is by no means the only resemblance 
between an atom- or atomic system, as w^e should 
call it- - and the solar system. J ust as the planet s 
art® revolving round a centre, sn the electrons 
each of the? atoms that go to make up those 
.planets are al.so rtwolving rouml an atomic^ 
if? centre — revolving at a speed hundri'ds of tiim s 
■ last.or than the speed of the planets wdiich they . 
compose. And it is supposed that the eleetrona 
must frequently collide with one another in 
their mad race within the atom, and thc^ result 
of these collisions is to expel some of them from 
‘ the atomic system. The electrons thus expelled 
, constitute the Beta rays of radium. So small . 
;^*e the ^XJtrons, as compared with the atoms 
/of or^nary matter, and so great is their velocity, 

. that th|py pass through such a substance as the 


brass tube of the spinthariscope almost as if 
it were not there. The Alpha rays consist of 
bigger jr)articlc», and they are 8top(>ed with c^ase. 
but the Beta rays need a considerable thickness 
of matter to arre.st them. But wlieu they an* 
arrested they can bg shot forth aguiip just as 
they were from the radium itself. This explains 
the fact that ordinary substances, such uS glass, 
which have been kept near radium, themselves 
become radio-aetive after a time. And this is 
what makes one think that tlicrc is an analogy 
between radium and genius. Both get their 
energy from w'ithin, and both can impart some 
d<‘gr(‘e of their powders to ihoir neighbours. 

A New Source of Energy. This property 
of evolving power w'ithin itstJf is om? of the 
most extraordinary facts about rarliuni. At 
lirst it was thought to get. its power from 
sunlight, or from some sort of unknown 
W'av(‘s in the ether. Then Sir William Crookes 
thought that the molecuh'S in the* air might 
eonsiantly b<* striking the radium and so be 
imparting (‘iKugy to it. Rut. now wo know 
that the energy of I'adium is derivi*d from the 
motion of its elect ron.“. And this is a mwv 
soniei* of (‘n(‘rgy, immeasurably greater than 
any which has hitherto hec'ii known. 

The ingenious suggestion of Sir William (hookos 
that radium takes np the kiniJtic eiKTgy of .the. 
gases of the air is now known not to nu'ct the 
requinumuiis of the cast*. The view of I.orcl 
F\(‘lviii that radium obtains its power by absoiq)- 
tiou of sunlight or of so?nt‘ othei* form of waves 
— known or unknown- in th<‘ ether was soon 
abaiulonetl ovtai by its tlislinguished author, who 
ultimately gavii his adhertaico to unothtT view, 
now establisb(‘d beyond disputt^ and known 
as the (fisuiff fjration thmra of Sir Kiiiest Ruther- 
ford. This is the theory tli<^ truth of which we 
havt^ here assumt‘d all along. It is the vitnv 
which asserts that the atom of radium itst‘lf is 
the .seat of gigantic taiergies wliich an^ quite 
adequate to e.xplaiii all the laiergy-jirodueiiig 
propiTties of radium, without tl.o need of any 
assumption that thc^ nuliuin n^ally obtains its 
energy from without, ^’his tbeuny further 
inaint;nns thal. the external energies of radium 
can he ma^if(^st^•<I only at the cost of its internal 
energit's. If, indeed, tiiis wine not so, there 
W'ould lie doubt thrown upon the doetrinc of 
the conservation of eni'igy. Thus, W'^e believe 
it is only in virtue of the di.sintegration of its 
atoms that radium is enabled to exercise its 
reinarkablt^ properties. Hence the name given 
by Rutherford to this brilliant theory which he 
has now' established. 

Radio-activity is Universal. Riulium 
is, of course, by far the most powerfully 
radio-a.etive of all known bodies. It> can be ob- 
tained with a radio-activity considerably more 
than a million timcjs as great as that of uranium. 
Thorium also is very dotmitely rtuiio- active. 
To these we may add the names of polonium and 
actinium, so-called, though there is now little 
doubt that these are merely names for the 
transient products of the disintegration of the 
radium atom. 
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But tbo truth is beginning tu be recognised produc^^ Wt tiiCy '^Wot 
that radio-ac5tivity is not confined to the ob- ^ tiops in which they 'find iheth^tye^/ W|f must; 

V viously radio-active elements. The wider our thus regard the eighty or n^ore dijfetent kinds 
inquiry, the more certain docs it appear that ^ of atoms with which wC arc acquainted as the 
radio-^ictivity may be found wherever we look ' ^xnore or less stable survivors from an absolutdy^ 
closely enough for it. Even ordinary air is indefinite number of ^ssible atoms, most oi 
radio-active, while the ^oil-air and that found in which may h^ive eonie into existence again, anof 
cellars and caves is still more ao. Deep w'cll- again, but which, like the dodo or the mammoth,' 

water at Oambridgo was found to bo radio-active, have been exterminated by natural selection, 
and also the waters at Bath and in many other Small Supply of Radium. Tho 

places, riierc are, of course, two possible reader who realises that in radium wo have dis-' 
explanatioiiH of this fact. * It nuiy be, in the cov(*rcd a source of almost inexhaustible power 
first phw’c, that minute traces of radium or of inclined to ask to what uses it has been 

one of the other markedly radio-active el(*ments turned. Bui in the first place it is necessary to 
are distributed througJioiit all o her forms of ,,^te that the total amount of radium that has 
matter Or, on the* other Jiaiul, it may be hitherto been isolated is extremely small. The 
that all matter is radio-activc* in itself. But if word Mated leads us to observe, in 

this le HO, how ar<‘ yro to explain the very passing, that radium has not yet been obtained 
inorkod diffen-nces m t he degree with which f,, form. It is known merely in tho 

this property is manifested? The explanation , 1 ,.^ e.„m,,ounds, espeeiilly tho 

IS not far to seek Ihe three most markedly chloride and bromide. But even of these the total 
liidio-activo of all tho elements are the heaviest umoiint yet obtained is almost ridieiilously small, 
three elements. Radio-actmty must be re- The diffieulties of obtaining them are enormous; 
gaided as an intrinsic property of large and though the process has been eon.siderably 

complex atoiiis. Of eouree, these terms are improved since Madame Curie first performed it, 
lektive, and there is no mhoront reason why we jl, ^ grammes of lUiuin salt in 

hhould suppose that even the simploHt and isolation anywhere. Thus, %vhile wo may easily 
smallest atoms, such as those of hydrog.-n and demonstrate that. l(>t us say. half a pound 
helium, are destitute of this pro|.crty. Hut if drive an ocean liner for decades 

r.idio-activity be an indication and oonsequenco oeiitiinc.s, the realisation of sueh speeiilations 
of tho dLsintegration of the atom, it is only within the range of practice. Hitherto 

reasonable that tt should be manifested m direct utilisation of the energy of radium 

greatest degree by those veiy heavy anil com- i,cen actomiilished only ior purposes of 

j>lex atoms which have «i \ery long range of d<»moii8t ration, as, for instance, in tho radium 
consecutive changes beloro they are resolved ready nolid, radium 

into simpler bodies. , turned to i>raetical purposes in medw in ) 

Radium and Natural Selection. In «itd hurgory. 
a previous paragraph we hinted very briefly Radium and Living Matter. Nt^odluss 
that the law which Darwin called haturut to say, the action of radium upon dilb'rent forms 
aSc/^c/io/?, and Herbert Spencer called the AS'//rr/fwZ of living matter has been the subject of close 
<{f the Fiffeaf, njay possibly have its realm of inquiry during the last decadt' and more. So far 
application in chemistry as w'ell as in biolog 3 ^ as the very lo\v(>st forms of lift* are eonemned, it 
Uc can readily understand how it might bo seems thab under ccTtaiii conditions radium acts 
applied to chemical compounds: innumerable as an antiseptic, though not a part ieulaily potent 
compounds may be fornu^d in the universe, but one. Its powers in this direction hav<^ <>nly 
only the more stable ones u ill tend to persist. recently been analysed. On the other hand, it is 

Xow that radium has revealed to us an entirely quite certain that, under particular conditions, 
new conception of the origin and history of atoms, awhich we do not yet umlerstand, f he very r.adium 
the question arises whether natural selection is which in other circumstances destro 3 ''s malignant, 
not al.so applicable to them. Tho idea of natural tumours has a tendency to jirodiiee th(*ni.’j 
selection is far older — ages older, indeed- than apparently liaving a stimulant action upon 
Darwin's application of it to organisms in 1859, certain forms of living matter. The same 
or Spencer’s application of it to societies eight paradoxical facts have been observed in the case 
years before. Indeed, the very first occurrence of the Ront^on rays. It would certainly be aij' 
of this idea, so far as can be discovered, must amazing thing if radium did not exert certA^^ 
be credited to the Greek thinker Empedocles. Ro- influences upon living matter. If wo considelt? 
fleeting upon the atoms conceived by his master, that everything in its neighbourhood is exposed' 
Empedocles is reported to have thought that .v to the constant evolution of heat, to a constant 
innumerable species of atoms would be born, bombardment by particles of atomic size, and 
but that only those would survive which w'cro' by tho sub-atoinio, negatively electrified particle^i 
best ada])ted to the conditions of the environ- which we call electrons, and also by tho constant 
ment. Thus it was of atoms that the idea of reception of the Oamma rays, wC oa^i ^scarcely, 
the survival of the fittest was first conceived, and -doubt that living matter must be^ety markedly, 
it is again to atoms that it has most lately been ^and very variously affected by its influence. In" 
Applied. The' obvious reason why there is later section the most bU^sed and surprising^ 

little radium in the world is that its atom Is. ^ Vahie of radium in malignant disease must be 
Bpeclfnens of it arc constajitly bcihist^.ibfeii?rdd^ i ' C.‘ W; ..S * j 
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European Nations Settling Towards their Present Forms. The 
English Loss of France. The Rise of the Hapsburgs. 

PASSING OF THE AGE OF CHIVALRY 


period niif^ht fitly be rnlled the 
* Autumn of Chivaliy and the Spring 
' of Literature and Art. There are no more 
Crusades ; the spirit of knight-errantry 
is departing ; war seems to be often a 
sordid spoculalion on the value of the 
ransoms that may be extort (td from 
wealthy prisoners. On the other hand, the 
young languages of Europe are beginning 
to Inid and put fortli leaves, as the truth 
dawns upon men that poems and histories 
may be written in otlier languages than 
Latin, that even the despised vernacular 
is a possible literaiy instrument. 1'o 
this period belong the names of Dante, 
Petrarch, and Boccaccio in Italy, of Frois- 
sarl in France, of Chauci'i* and Langland m 
Fhigland. In the history of art we haxe 
a rafaloguo of illnstrions names from 
Giotto 1() Fra Angelico; in architec- 
tnn^, thougli Norman and ICarly Englisli 
lie behind us, the beautiful Decorated and 
stately j^'rpendicular styles are to come. 

Nor ought we in this connection to 
forget llui services whi('h the fresh en- 
thusiasm of the young Mendicant Orders 
rendered both to literature and to art. 
Both Dominic and kTaiicis lived in the 
eleventh, and twelfth centuries, but the 
influence on the intellect of Europe of the 
ordin’s which they founded was most fully 
fell after their deatlis, and was certainly 
mighty lluoughout the later twelve 
hundreds and the two following centuries. 

The Friars — as the Mendicants were 
called to distinguish them from their rivals, 
the more old-fcishioned and conservati^ 
monks — chiefly known by tlwdr two m()St 
popular represent atives, the Dominican 
Pdack Friars and Franciscan Grey FTiars, 
swaiined into the universities now rising 
into eminence throughout Europe, and 
contributed the most celebrated names 
to the list of professors of scliolastic 
^ theology, who, however the w'orld may 
^ have now outgrown their teaching, 
evidently possessed some of the strongest 
and keenest intellects of their day. Of the 
five greatest schoolmen, Albeit the Great 
and Thomas Aquinas were Dominicans ; 
Buenaventura, Duns Scotus, and Occam 


weie Franciscans. It was from the bosom 
of the Franciscan Order,, also, that the 
philosoplier sprang wlio anticipated in 
some degiee that strictly scientific method 
which, in the hands of his mighty name 
sake, w'as one day to vanqiiisli the word- 
splitting dialectic of the schoolmen, Roger 
Bacon, the “ Doctor Mirabilis” (1214-1294). 

In rcvi(?\ving the course of these two 
centuries, we may very liglitly touch upon 
the well-known (*vents in the history of our 
own country. ICngland under the early 
Planlagemds had not hem a stranger to 
the storm whicli had swept over the 
ecclesiastical sky in Southern Europe. 
She, too, had found her Hildebrand in 
Becket, and had witnessed her Canossa 
when the abject John submitted to de- 
clare himself the vassal of the Pope. 
Perhaps, also, it may he said that she 
had not been without her (iuelfs and 
Ghihelines when Simon dc Montfort, 
popularly known as the creator of tl\e 
English House of Commons, vanquished 
Henry III. at J.ewes, and was himself 
vanquislied by Prince ltd ward at Evesham, 
In 1272, six years after the battle of 
Benevento, Edward J.ongshanks, greatest 
of the Plantagonets, as('ended the throne. 
In his reign of thirty-five years lie did 
many noble deeds both . as statesman 
and as legislator. FN’en his i'onquest of 
Wales, notwitl’standing some ungenerous 
harshness, must lx* r<*ckoned among his 
praiseworthy exploits ; hut his unsuc- 
cessful attempt on the libeitics of Scot- 
land, his endeavour to (onvert the triendly 
superiorilv which Scotsmen were willing 
to grant him into the strictest, harshest tic 
of feudal vassalage, wrought untold harm 
to the England which lie surely loved. 
From the year 1296, when the galling 
acts of Edward drove the luckless 
Jolm Balliol into revolt, down to 1G03, 
when James Stuart mounted the English 
throne, it may almost be said that there 
was never lasting peace between the two 
countries, only wars and precarious truces, 
raids and counter-raids, and, above all, 
a continual and most natural tendency 
on the part of Scotland to ally herself with 
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England's other ‘ enemy, France. There was 
thus always a £oe at England's back door who 
Would not have b(‘en there had Edward I 
shown Hoinewhat less nf the qtialiiics* of a sharj^) 
attorney in his dealings with the sister kingdom. 

The Hundred lyar. Tliougli 

John “Lackland." by his cowardice and cruelty, 
had lost his father’s inheritance of Normandy, the 
Flantagencis, till the close of our present period, 
never entirely (juilted hold of the magnifieent 
dower which Eleanor of Aquitaine brought to 
Henry Tl., and those possessions in the south- 
•west corner of France often furnished a base 
for the opej'ations vhieh they undertook in 
what has been forcibly, if not quite accurately, 
called the Hundred Years’ War between England 
and France. Tliat war began with the invasion 
of Franco by Edward 111. in 1J139, and it ended 
wdth the defeat of Talbot before (Jastillon in 
1453, the very year wdiich for another reason 
has been chosen as the close of our present 
period. During that age of strife the English 
won three memorable viotorie.s — Crcey, Poitiers, 
and Agincourt, 

We are perhaps too much inclined to forgot 
their defeats; that of Beaug6 (1421), where the 
Duke of Clarence, brother of Henry V., was 
slain ; that of Patay (1429), wdiere Lord Talbot 
was vanquished and made prisoniT by the 
heroic Joan of Arc ; his final defeat and 
overthrow, as above mentioned, at (Vstillon. 
The two proudest days for the English mvadei*s 
W’cre March 24th, 1359, wdien, by the Tr<‘aty of 
London, the captive king of France yielded to 
Edward 1 II. in full sovereignty all that Henry 1 1, 
had ever ruled as vassal of t he Frtuieh Crown, 
Normandy, Brittany, Anjou, Maine, and Aquit- 
aine— in other words, a full half of Fr.ince ; and, 
again, December Kith, 1431, when, apparently 
with the consent of the greater part of tho 
French nation, weary of the feuds of Anuagnacs 
and Burgundians, the English child, Henry VI., 
was proclaimed “ King of England and Frauee, 
our sovt^reigii lord.” 

A Sham Title which Napoleon Shat- 
tered. That title. King of France*, so soon to be 
rendered a vain show by thei*nthu8iasm and cou- 
rage of the Maid of Orleans, was clung to with 
ludicrous t(»nacity by many geiu'i ations of English 
sovereigns, even' by James II., when he was a 
throneless exile at the court of tho real king of 
France, I^ouis XJV., and was abandoned only 
in tho days of our grandfathers at a time when 
there was no king in France, and that country, 
under a ruler mightier than any of her kings, 
was engaged in a life struggle whh England. 

The Consolidation of France. The high- 
water mark of England’s dominion in France 
was ^on succeeded by a steady and continuous 
^bb of the tide. It was by a series of petty 
reverses more than by any grc*at victories that 
the English intruders were edged out of France,^ 
until at last, at tho end of our present period 
Calais only remained to them. But the Hundr^ 
Tears’ War left in one way a favourable impr^sa./ 
on France. As tho Danish invasion^ had con^ 
solidatoj^ so tho long misery of 


EngllsH invasion^ unlft^ 
national feeling of FrehchfliJ^ Whelgt thfe 
Hundred Years’ War* began, t%ljlfen of A<pd- 
taine scarcely looked upon tho Parisians as thfetf’ 
fellow-countrymen. When it ended, they 
recognised the necessity of their position ana 
acpepted, if somewhat grudgingly, Charles Vll.^ 
as their sovereign lord. ' \ 

The advantage which France won, howCver^ 
painfully, from this struggle for her national exis- 
tence was to some extent neutralised by Iho folly 
of her kings, especially of .lohn and Charles V., 
in granting enormous appanages ” to members 
of thoir family, which made them almost in- 
dopi'iideiit sovereigns and tended to keep alive 
sectional and provincial jealousies. It wus 
owing to this mistaken policy that the rival 
houses of Burgundy and Orleans were able to 
distract their country by that fatal feud which, 
far more than the English valour at Agincourt, 
laid Franco prostrate at the feet of Henry V. ; 
and even when peace was restored and tho 
English invader expi‘lUd, the reconciled Duke 
of Burgundy was terrible to his sovereign lord, 
whose pow(‘r he gloomily overshadowed. 

The Bold Burgundians who Over* 
shadowed France. Lords of Burgundy by 
inheritance, and of tho Netherlands by marriage, 
tluse mighty seigneurs, whose beautifully 
carved tombs, a marvel of late medi.evai work, 
ari* the glory of the eath<*dral at Dijon, became 
till* traditional enemies of their h’reiich cousins, 
traditional allies of the English kings, whoso 
country was closely eonneeted with th(‘ir country 
by th(* ties of eoiumerci*. The very sui names 
of these men mark their militant position — 
Philip the Bold, •John tlie Fearless, and (^harlea 
the Rash ; they were men born to be assassinated 
or slain in battle. 


The Beginning of the Proud Haps> 
burgs. Eventually, as we .shall s(‘e, the fortunes 
of tho heirs of Bui gundy were closely iiit<‘rt wined 
with thosi* of the hou.se of Hapsburg. The uprise 
of this house of Hapsburg, by no means iht* oldest 
though one of the proudest of European royalties, 
W'ii.s all accomplislu'd in the period now before us. 
When the mighty house of Hohenstaufen fell 
('%254) there was for a time anarchy in Ontral 
Europe. Phantom emperors, an English prince 
(Richard Duke of Cornwall), a king of Castile 
(Alfonso the Wise), and others fiitttxl across tho 
stage, but none of them exi'reised any roal 
authority till in 1273 the Electors chose for 
emperor a Swabian knight of respectable xiosition 
named Rudolf of Hapsburg, who was accord- 
ingly crownixi with the imperial diadem in 
Charlemagne's city of Aachon (Aix-la-Chapelle). 
Tho territories — of very moderate extent-^ ver 
which Rudolf ruled, .as well as his castle of 
Hapsburg, were situated in the valley of tho 
Aar, in the north-east cornor of what is now 
^itzerland. It is worthy of note that 
cradle of that dynasty, which has pre-eminentfy 
represented' the monarohio principle in Europe* 
ritnd the cradle of the first, and we might 
‘ the typical; Teutonic republic 
to a.ahort aoumeY of one ( 
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The Foundation of Hapaburg Great* wYio, when he oamc, was crowned emperor in 
nesst Rudolf I who had been chosen partly on Romo, but after three years' stay m Italy> yoatss, 
account of his very insignifioance, proved himself a of mingled success and failure, died, as m'&n 

stiongcr and abler rnlt i than had been expteted said, fiom poison administered m a CUp bf 

He humbled to the dust the pround Ottokar, sacramental wine. Henry’s son, the blind King 
king of Bohemia in whose <o\irt ht had once .lohn of Bohemia, who fought so biavclv n)i*i 

seivcd, and after hw sicond victory o\er him CVecy, vas never cmpcroi, but his granason,^ 

rent ai;cay from Ins slim rival the duchies of (hales IV, the Parson’s Hmperoi, as ho waS 
Austri 1 , '^tyij i ( aimthia uidCarnioh, i goodly ciUcd, bcciuse of the ecclesiastical influence 
inheritance which ho be stowed upon his own which secured his election, by the celebrated 
son, the K by 1 tying tin found ilion of the gre it (^olclcn Bull (1 3%) weakened the ])icrogativos of 
m^HS c)t the houst of K ipsbiirg Ihilikc his (ho Tmpenxl C lown and cstiblishcd the Soveb 
recent pie dcecssois lu wis on fiienellust tcims I^le ctors as almost inch pendent so\c reigns. 

With the Pe>]K but no invititions or exhortx The Seven Electors. The se Hie etoi*s were 
turns could induce him to enter Italy, “that thiec ecclesiastical jiotcntites in Rhineland, tho 
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lions ( uc, into wliieh he saw many footsteps 
tending, but fu^iu wine h none ittuined 

flu le w is IS \et no willingness on tho pait of 
the 1 leetois to peimit the empire to become 
luuditai\ in the Hapsburg or any other line* 
With elitheuUj did Rudolfs son Albert, win tho 
im)Kri il down w hieh ho he lei for a few troubled 
j^eais, anel iftei his death in 1308, thcie was 
no empeioi of the house of Hapsbuig reigning 
with uiielisputed title for 110 years hor twelve 
yeais (1 114 \ Wy) rrexlenc of Austria was 
endcavouiiiig geneially with little success, to 
\iik1ic jit( Ins light to tho imperial title against 
'his rival Louis of Bavaria 


This interval, somewhat tantalising to tho 
; student who knows that it will end m the 
establishment of the e-mpire m tho Hapsburg 
, line, was filled chiefly by emperors of tho house 
of Luxemburg, such as Henry VII , tho ruler 
for whose lato Italy Dante louged, ftud 

.aowi 


Archbishops of Mtytnee, Cologne, md Treves, 
md foui secidai piinces the Count I'xlatiiio of 
the Rhine, the Margiave of Bixnelenbuig tho 
King of Boheniix (who if ter 14 37 was gene^rally 
a Hapsburg), and tho Duke of Saxony By this 
mstnimeiit is Afr Brj^ce has w^ll said, f^ftArles 
IV legalised anaiehy md e illed it a con 
stitution Yet it is interesting to note tho 
prevalence at this date in Cential Hurope of a 
lorin of government whieh has now entirely 
disappeared In tho thiiteen hundreds, and for 
some time longe r, Germany, Bohemia Hungary, 
and Poland were all elective monarchies 

The Freeing of Switzerland. In othei 
Ways at this time some new and interesting 
exponments were being made in tho art of 
government Albert of Austria, son of Rudolf, 
to whose short tenure of the imperial dignity 
rofcrotice has been made, was successfully 
(1307-1308) by the inhabitamf^ of thi^ 
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foin* Forest (\antons which ottstor round tho • 
Lake of Lucerne. This Wiis the germ of the Swilfis 
(Confederation which at Morgarten in 1315, and 
at Seinpach in 1380, defi'ated the knights and 
incn-at-arins sent against them by the Austrian 
princes, and ft)r ever established the indet)end- 
one,e of Switzerland. 

The Dawn of the Power oi Trade. 

Iluring the same ceiit.uiy, the century of tlie 
tbirte(‘n hundreds, tlH‘ eonhshMjie.y of Gcrmtm 
niereliants known as the Hansc* Towns - the 
ehief of them Luheek, Hamlmrg, and Bremen 
wen‘ fitting ont lits'ts and armies, and com])ort- 
ing themselves like sovtTeigu prinr'es on the 
shores of the Baltic. By the treaty of Stralsund 
in 1370 they obtaiiie<i from Waldeniar IV., 
king of Denmark, the iJghjt- to receive for lifteen 
years tw'o-thirds of the* iJanish revenues and a 
provision that thereafter none of his sue<*es8ors 
should ascend tlu* throne without the cous(‘ut of 
the Ha lisa. \Vh<*n, in 1397, th<‘ daughter of this 
king, Waldemar, Margaret, “ the Semiramis of 
th(‘ North,” suee('ed(‘d in uniting Denmark, 
»Sw(‘den, and Norway by the Union of (Calmar 
(1397), the })ower of the Ifanseatic League w^as 
somf'W'hat abated, but to the end of th(‘ period 
under consideration it remained a most important 
factor m tlu* polities of the Baltic States. 

When Austria Claimed the Earth, 

Bet liming for a moment to the Hapslmrg 
jirinees, we have to note that at last, in 1437 
1438, a Hapshurg, Albert II,, having married 
the heiress of the house of Luxemburg, was 
t'lected king of Bohemia, king of Hungary, and 
emjjeror, but ho held these dignitii's only for a 
short time, dying in 1439. On his death, his 
cousin, the Duke of Styna, w'as raised to the 
eni])ire as Frederic III., and theiioeforward tlu* 
imperial title w'as I onu* by none but bis <l<*seend- 
ants for nearly four eenturii's. at the end of 
which time llu* empin* itself ceased to be. 
Frederic III., himsi’If a <lull, slow' man, with tlu* 
heavy under-lip ot tlie Hapsburgs, dabbli*d in 
alchemy and astrology, and deiived, apjiarently 
from th(‘se studies, an mteiise eouMctiou the 
proud destiuv of his house. 

The Cradle of the Hohenxollerns. 

W’e may here n'lnark that the Hohenzollem 
j>iinces, who are now' re})resenti‘d by the 
JOmjieror William II., obtai?i(*d possession of 
Brandenburg, which has now' bei‘n for many 
(*eiiluries the stronghold of their dyna.sty. in the 
year 1417. Tlu* Hohenzollerns, like llu* Hohen- 
staufeu and tlu* Htt]isburgs, came originally 
from »Sw'abia, that piet.ureKfpic south-west 
comer ot dorm any, w'at(‘red by the Rhine, which 
almost alone <)f the provinces of Ctermaiiy w'hs 
once part of the Boman Empire, 

% Wo recross the Alps and inquire wliat an* to be 
the fortunes of Italy now that the Swabian sons 
i of her Norman conquerors are vanished out of the 
land. Not absolutely, however, did ih^ vanish 
when Manfred fell at Benevonto. In 1268, 
Manfred’s nephew, tlu* gallant youth Oonradin, 
son of the Emperor (kmrad IV., descendod into 
Italy with a large army. For a time fortune 
smiled upon and even ^en he joined 
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battle with hie ■ enemy. King Oharica, neo]^ 
Tagliaoozzo, Under the shadow of the b^abine 
Mountains, the battle at first went in his favour,, 
but a welbplanned ambuscade throw his army’ 
into disorder. Victory was for Charles, death on, 
the field of battle for a multitude of German 
knights, the follow'ers of Conradin ; a more 
ignominious death at Naples, by the hands of the 
executioner, for Conradin, a captured fugitive. , 

The Call for an Avenger. It was con- 
sidered a foul and iinknightly deed when the 
Frenchman thus punished the captive lad 
who had but striven to rt*gain the inlu‘ritance 
of his fathers ; and later writ(*rs described how 
from the scaffold he threw his gauntlet down on 
the pavement of the Piazza del Mercato, crying, 
‘"Take that glove to him who will avenge me.” 
Criticism has thrown doubt on this stor 3 % but 
there is no doubt that it was as the avenger of 
Conradin that his eousiu by marriage*, Pedro, 
king of Arragon, IVlanfred’s son-in-law, before 
long app('an*d ujion the scene. 

(Iiarles of Anjou, a Iiate*ful man, v(*xed his 
subjects with all manner of now taxes rigorously 
exa<*tf‘d ; but ev(*ii more than by p(*euniary 
opprc'ssien the souls of tho ])eoj)le, especially the 
hot-blooded Sicilians, were lired b 3 ^ the insolence 
of the l*>€*nch soldic*J‘s who swaggered as con- 
querors among a nation whom they d<*spised. 
Veng(‘aii(‘e slumbered for fourteen years, but 
during all that time the gauntlet of (^ouradin — 
real or metaphorical— was b(‘ing treasured at 
the court of Arragon, and when at last, on the 
evening of Easter Monday (March 30th, 1282), 
th<* lewd insults of a Fr(‘nch soldier to a Sicilian 
matron roused tho people of Pal(‘rmo to revolt. 
King TVdro was ready to aid lhi‘m. 

The Avenger Arrives. The massacre of all 
Frenchmen, which began with the ringing of 
tlie vesp(*r bell at Palenuo, was aeeomplishcd 
with dreadful thoroughness all over the island, 
and is known to histoiy as tlie Sicilian Vespers, 
Chailes of Anjou, of course*, did not siUTende*r 
tlu* b(*autiful island vfithout a stiuggle. Messina 
endured .i terrible siege, but survived untake'ii. 
P(*(Iro of Arragon was (leelari'd king, and sucee’ss- 
fully I'stablished his kingdom, which was held 
1)3' his deseendaiits down to our own timi*. 

The Kingdom of ** Both the Sicilies,” 
(’harl(*s remained the king of Naples and of 
all Southern Italy, which by a legal lictiou 
received also the name of Sicily, and henco^* 
eanic that absurd title, “ King of Both tlW; 
Sicilies,” which, wh(*n the two kingdoms after- 
wards came together under descendants of the 
king of Arragon, was borne by their rulers. 

Thus, as far as Sicily was concerned, the 
arrogant 'French invader was repelled, but, 
alas ! freedom had to be purchased at the eost 
of submission to another foreigner, a Spaniard. 
The cjoriditions were similar to those which 
inspired Byron’s lines addressed to ital 3 ': 


“Tho stranger’s sword 
Is thy sad weapon of defenoo, and so, 

Victor at vanquished, thou the slave 
of friend or foe.” , 

Thus tho fall of the Hohenstaufeu brought littltji 
^ THOMAS 
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FIVE GREAT TRIUMPHS IN BRIDGE-BUILDING 
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Trussed and Arched Bridges* Suspension and Girder Bridges. 

Bridge Foundations. The Cantilever Principle. Movah’e Bridges. 

THE BUILDING OF BRIDGES 


/The cai'licst bridge was formed by the* 
* accidental falling of a tree across a 
stream, probably by the scour carrying 
away the earth and undermining the roots, 
so. tnat the tree overbalanced and fell on 
that side. Following the example s(?t by 
Nature, it is an easy step to form a good 
bridge for a short span by placing two of 
more tree-trunks side by side across a 
stream, and we may readily suppose that 
the branches were lopped off and used in 
short lengths laid across the trunks to form 
a very passable footway. A rustic bridge 
not tar removed in principle from that 
described is shown in i. VVe may grant 
this much as due to instinct or imitation ; 
it was not engineering. 

When, however, a wider span had to be 
crossed, so that some form ol trussing was 
required, tlie ne('essiiy for invention arose, 
and with it th(' first bridge engineer. 

• The simplest kind of trussing, and prob- 
ably the earliest , would b(‘ what we now call 
in its develo])ed form a trass, but 

for stiffening th(' brid^ iid"sfnif 7 were 
wanted, so tJiat with tlie addition of a hand- 
rail it would appeaf in the form shown in 2. 
A greater interval as regards intelligence 
seems to exist between this form and the in- 
verted truss [3], but we may account forks 
first origin by the overturning of one of the 
other trusses, and then the happy tliought 
that instead of one of thesi? on each side of 
Hhc bridge, a seri ‘s miglit be laid side by 
side to form a wider bridge, and so enable 
heavier traffic to pass from one side to the 
Other. From tiicse two forms it is a short 
transition to the more complex forms of 
tlie truss [4] and the correspond- 

mg {5I ; and the observed 

clfec?oTTT?aveTling road in depressing one 
strut and raising the other would lead to 
The cross-bracing in the central bay [6]. 

An early type of timber bridge was one 
built in Glasgow, in 1832, in 34 ft. spans, 
"us shown in 7. It is very simple in con- 
iSjajction, and upon the same principle as 
ihl ordinary stone-yard gantry. Many 
Jfimber bridges of this, character exist 


across canals in various parts of the 
country, and there arc also some across 
the upper reaches of the. Thames. We 
need not trace the gradual improvements 
tliat were made, even if it were possibh^ ; 
it will suffice to notice the modern forni 
of timber bridges for large spans, used 
priuripally for pioneer work in America, 
and sliown in 8 and 9. In some of the 
larger spans wrought-iron rods or long 
bolts are used for the tension members ; 
they overcome in a very simple manner 
the difficulty of framing timber to with- 
stand tensile stress. Some of these bridges 
are covisi'd by wooden roofs. 

I'o avoid the fretpient renewal of bridges 
owing to tile decay of the timber, or th(^ 
accidental destrui tion by fire, brick and 
stone arelit'd bridges have been in use 
from very early times, and some beautiful 
structures have been erected. In London 
we have Waterloo Bridge, of granite, with 
nine elliptical arches, all of 120 ft. span 
and 35 ft. rise ; and l.ondon Bridge 
granit(‘, of fiv(‘ spans, the centn.* one I$2 
ft. 10 in. span and 37 ft. 10 in. rise, as 
shown ill 10, and the other spans somewhat 
smaller. This bridg(' was erected at an 
original cost of nearly half a million ster- 
ling, and was su])se(]uenlly widened by 
extending tlu'. footway over stone canti- 
lever brackets on (\aeh .^^ide. A stone 
bvidg(‘ of 200 ft. span over the Dee at 
(dicster is shown in li. 

A large masonry arch bridge is the 
viaduct at. I’lauen, in vSaxony, which 
bridges tin vall(‘y of the Syra, and was 
only recently conflicted. It has a clear 
span of 295'4 ft., and a rise of 59*04 ft., 
and carries a roadway 36*8 ft. wide with 
two pathways each of 9*84 ft. width. 
The arch forms a composite curve, being 
struck from five centres, the crown having 
a radius of 344*4 ft., the springings 192 ft., 
and the haunches 98*7 ft. radius. It was 
designed for loads which include a train of 
15-ton waggons, or of three stean^rollers, 
weighing 23 tons each. The afeh ring 
is built of bluish-grey stone from the 
Theuma and Tippersdorf quarries, laid in 
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cement mortar. At the springings it is 13 *J 2 ft. 
deei), and at tlio key 49 -2 ft. deep. The work 
was started in August, 1903, and completed 
in the summer of 1005, the total cost being 
about £20,5(K), inclusive of about £1000 spent 
in larid purchase. The largtsst brick arch 
bridge is the (ireat Western Railway bridgt' 
over the Thames at Maidenhead, with an ellip- 
tical arch having a span of 128 ft., and rise of 
24 ft. 3 in. 

Suspension Bridges. “ X<\\t to a eom- 
nion Jog or beam, the most simple aiul easy 
contrivance for estahlishirjg a constant communi- 
cation from bank to bank of a rivee*, or between 
j>rojeeting imrtiona of an int(‘rvening gap, is that 
of a rope or flexible line : ind(M‘d, tlu^ necessity 
must have given birth to tla* idea.” (Warr.) 
In India and South America animal hide and 
vt^getable fibre wtae the chief matmials emjdoyed. 
but in Rhootan, north-east of Himlustau. there 
is a suspension bridge with iron chains of such 
antiquity that its t)rigiii is lost in fable. 

The first iron chain 
su.spension bridge^ in 
England was built over 
tlie Toes.uear Middlct on 
iuYorkshire.about 1741. 

It was nearly 70 ft. 
long and only 2 ft. wi(h*, 
consisting of a footway 
laid on chains stnitched 
nf‘arly straight. This 
is probably typical of 
the earliest forma, the 
later method being to 
si)kpemi the footway 
by vertical bars of different lengths froin the 
curved chains, so that it may be ke})t level 
throughout, and the ehaina h<.*ing hung with a 
greater dip art^ under Ie.ss tension, 'rhe reduc- 
tion of stress is directly j)roportional to the in- 
crease of dip, except for th(^ extra weight of 
metal due to t)ic greater length round the curve, 

A chain of uniform w'ciglit hanging freely 
takes the shape of a catenarfi curve, while if 
the W('ight he distributed unifurmly over tlic 
horizontal width of span f Jie curve w'ill be that 
of a parabola. In practice tht* shaj)e is u.sually 
that of a modified caitnary. I’lic great bridge at 
Freiburg, shown in 12, w^as 807 ft. span and 05 ft. 
detk'ction. Each of the juain su.spen.sion cables, 
in. in diameter, w'as coi^pos(xl of lO.^O lines of 
wire 0-12 in. diameter, passeci^hrough a boiling 
mixture of linseed oil, Jitharg(^nd soot, to pre- 
vent corrosion. 

The Metuii siispiaision bridge, 580 ft. span, 
with a defft^ction of 43 ft., cousi.sls of 16 chains 
in four groiij)s of 4, dividing the bridge into 
three lines of way, the central, 4 ft. wide for 
foot passengers, and the two outer each J2 ft. 
wid© for general traffic. The 16 chains were 
composed of links or bars of wrought iron in sets 
of live, 10 ft. long, 3.^ in. broad, and 1 in. thick, 
with a hole 3 in. in diameter bored in each end 
for the coimi‘<;ting pins. The entire cross-section, 
therefore, consistiHl of 6xl0=-80 bars, with a 
total sectional area of 80 x 3j[ x I ^260 sq, in. 


The Hnngorford suspension bridge, first erected 
over the Thames and now placedover the Severn 
at (3ifton,i8 702 ft. span with 50 ft. deffoction. In 
its pnisent, position it has a very fine appearance, 
owing to the height of the banks upon which the 
towers are placed, and although tho rise of the 
tide reaches to 36 ft., there is ample headway for 
ships to pass under without lowering their masts, 
Tlie JSaltash bridge over the Tamar, near Ply- 
mouth, is a unique structure designed by I. K. 
Brunei. It consists of two spans, each formed 
of an elliptical iron tube, arched upwards and 
braced by wroiight-irou rods to chains dip- 
j>iug similarly to those of a suspension bridge. 
It is, in fact, a suspension bridge with the pull 
of the chains resisted by the overhead arched 
tube instead of by anchor blocks buried in the 
ground on either side. 

Iron Girder Bridges. The earliest iron 
bridges naturally took the form of simpki beams, 
but the limit of strength for this form was soon 
reached. The expt‘rinu‘nts of Fairbairn and 
llodgkinsoii showed 
that hollow beams 
coukl bo built over 
much greater spans; 
and, following up tho 
principles they dis- 
• e o V e r e d , t hey eon- 
struct ed tho C^onway 
and Britannia tubiikr 
bridges, like a long, 
rectangular tube with 
flat skies and cellular* 
top and bottom, tho 
Britannia bridge over 
the JMenai Straits being shown diagramnialie- 
iilly in section by 13 and in pictorial eleva- 
tion by 14, where the great(‘St span is 4tk) ft. 
ill the char. Bridg(‘s of this type, although 
based upon sound fn‘inci[)Ies’, did not meet, 
with much favour, owing to tu'itain drawbacks 
involved. 'I’hi'y are in etfeet iron tunnels, 
are difficult to ]>rotcet from corrosiim insiile 
ou account of the st(‘am from the locomotive 
engines, aifd outside from the s(^a air. They 
also presiDt a eontinuous surface of great area 
to the force of the wiml, and tlie positions when? 
bridg(‘S of siieh span are required are uusally 
very exposed. The inijirovoinents introduced 
in the constnietion of modern bridges will bo 
dealt with subsequently. 

Cast-Iron Bridges. About the same time 
Telford was constructing cast-iron bridges, of 
which Southwark Bridge over the Thames, now 
being rebuilt, at London, was the finest example. 
It was the largi^st (^ast-iron bridge, tho middle 
arch having a span of 240 ft. with a rise of 23J ft. 
The two side arches were 210 ft. and 18 ft. 
10 in. rise. The arches themselves consisted of 
eight ribs with webs 2J in. thick and flanges 4} in. 
thick ; these w’eri' 6 ft. deep at tho crown and 
8 ft. at the springing, in 16 divisions attached 
by means of dovetailed sockets and wedges. Tho 
spandrils, or fipaces between the arch and road- 
way, were flllod up with cast-iron framing of 
diagonal struts^ bearing cast-iron plates, upon 
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which the roadway lay. Other bridgcH of the 
same type were built at Tewkesbury and else- 
where. One of the most pleasing was built at 
Craigellachio, over the ^'pey in Invernc'ss-shirer 
with a span of 150 ft. and a rise of 20 ft. It may 
be noted that cast-iron bridges wej’e based upon 
the principle of the arch, thus utilising tlie extra- 
ordinary eoniprossive .strength of the material 

Bridge Foundations. The engineers of 
the rising generation having ilie us<‘ of ferro- 
concrete and steel piling will probably marvel 
at the temerity of bridge engineers in building 
upon wooden jjilcs and [)latforujs so late as tlu* 
nineteenth century, but it has yet to be ])roved 
that the newer materials have any adv^antage. 
The piles under old Loiub.m Bridge remained' 
Bulficiently sound to supjiort tlie massive super- 
structure after neaiiy 700 years, and the present 
London Bridge, built in 1828, rests upon a [dank 
and pile foundation. Trajan’s bridge across 
the Danube rc’sted on woo(.leii [dies, and one of 
these, when tak(‘n up for inspection after having 
been in use more than 10 centuries, was found to 
be petrified to a depth of three-fourths of an 
inch, but olluTwise little altered, (^ast-iroii 
])ilc8 have been in use since about 1820, but 
they appi‘ar to hav4' 1)C(‘U us(‘d only for coffer- 
dams and whaif walls. 

Rolled»steel Piles. Rolled-steel piles 
of a pattern practically identical with some of 
th<^ cast-iron piUis of nearly a cenf.nry ago hav<' 
b(H*n recently introduced. They are [>articidarly 
suitable for sheeting round foundations, eofl’er- 
danis [15], and bridg<* eylinders [16|. When [UJt 
together the joints run ut 12 in. centre to centre, 
and the shape [)ermits ol any outline in plan 
being followed. For a sudden bend the j)ile is 
curved transvcirsi ly, as 17. 

Screw Piles. Small bridge's and j)ier 
jetties are often earric'tl by screw [uli's. 18 shows 
the screw' for the lighter cases and 19 for the 
heavier. The former may be made in a. separate' 
casting attached to a wrought- iron or .steel 
column, or may bcj .simply formed on the low'est 
length of a (aist-iron column. The latter is 
alw'ay.s formed on the bottom length of a c.ist- 
iron column, and is usually adopted for eohiinu 
diameter.s of 12 in. to 8t> in. They art^ screw'od 
in by a temporary timber fra tiling bolted on to 
the nppt)r flange and rotated like a cap.stan head 
by a ro[)e from a <u*ab winch. The wddtli of the 
s(5rcvv blade varies according to th<^ nature of 
the foundation ; the larg<*.st diameters air* used 
upon sand and jx'at. 

Hydraulic Piles. For similar purjioses, 
hydraulic j)ik\s are. s-'ometimes used upon a sandy 
fouiuUiiion. A raiKvay viadiud was e.arried 
across the sands of IMorecambe Bay in spans of 
30 ft., each [Jier being eornpos(*d of tw'o main 
piles and tw^o raking ])iles, as 20. The piles 
were in 9 ft. lengt hs, and 10 in. diameter outside, 
with J in. iliickuess of metal The discs on the 
main piles were 30 in. dianuiter, with an orifice 
^2 in. diameter for the discliargo of water. The 
mode of sinking consisted of loading the top of 
eachpil^ and guiding it by a pile engine, pumping 
wa^r down the pile, and as it escaped throujj^i 
the bottom working the pile baokwar<^ and 
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forwards with an alternating rotary motion, so 
that the cutters on the disc could loosen the 
marl while the water washed away the sand and 
fragments. The piles were, sunk to an average 
depth of about 20 ft., and it was calculated that 
the siind had a supporting power of about 5 tons 
per square foot when it had settled. 

Bridge Cylinders. The foundations for 
heavy bridges may be of masonry built up 
within cofferdams or cai.ssons, or may be of 
cast-iron cylimlers filled with <‘.oncrete. Tills 
arrangement is shown in 21. Timber piles are 
driven at intc^rvals round the site to act as 
guides to the eylinders, the bottom section, 
consisting of a steel curb with cutting edges, is 
put in position, and the east-iron segments form- 
ing tlie body of the cylinder are then bolted 
together' on the curb wMtii water-tight joints. The 
cylinder soon Ix'gins to sink by its own weight, 
and the rnaterial is then excavated from the 
intc'rior by luind or by grabs, and additional 
sections an* bolted on at the top. Extra w'eight 
is addl'd W'hen rieci'ssary to force the cylinder 
down. Two or mori' such cylinders an? strongly 
braced togi'ther at the top to form a single pic'r. 

The Cantilever Principle. Thc^ greatest 
advance in modern bridge building for large 
spans has been due to the advantage taken 
of tlx* cantilever principle. When a beam is 
continuous over st*vi‘ral spans it is found that 
bi'tweeu the* supjiorts there are two points where 
the bending moment vanishes ; these are the 
pnihts of contrary JUwnrc, or wliere the* tensik' 
stre.^H in thi* upper portion and compre.ssive str<*.ss 
in the lower portion, above i*aeh supjiort, 
diminish to zero prt'jmraiorv to their gratlual 
iiierease to tlie maximum stresses of the n'versi^ 
eharaeti'r at (he ('cntre of the* span. This is tlu* 
[irineijde of eantilev(*r bridgi's. 

It is the same as if cant ikn i'rs wi'i'e built/ out on 
both sides of the pier to bale net* each otlx'r, 
and the eautilevem from adjoining pi(*rs tJien 
carried an ordinary girdc'r sus[)ended hetw'een 
thi'ir jioints, these points being (*qui\ alent to the 
jioiiits of contrary Hexure in a eonlinuous beam. 

The Forth Bridge. This bridge |22J, 
based upon tlu' cantilever }»ririciple, involvi^d 
nothing theoretically new, but the magnitude of 
the struct lire and the marvellous skill show’n 
in the de.sign evoked wt‘ 1I di'served inaise; and 
aJthougJi many subsi*qiient bridges of the same 
kind may reach a larger .span, the chief merit 
still remains with Sir Benjamin Baker and 
those allied wdth him in the work of having 
been the suoce.ssful [lionei'fs. The work of 
erection, although expedited with all the skill 
and force that modi rn science could suggest or 
money could jiroeure, oceupii'd no less than 
seven years. Altogether it reiK'hes from 90 ft. 
below' high water to 300 ft. above, and is 1 J miles ^ 
long. The W'eight of the .siip(*rstructuro is about 
45,000 tons, but altogether over .50,000 tons of 
Btciel were employed, bi'sides 140,000 cubic yards 
of masonry and coueri'.te. There is a clear head* 
way for ships of 150 ft. above high water for a 
width of 500 ft. at each of the two great openings 
of 1,710 ft, span, or nearly one-third of a mile. 
Half the bridj^ only is shown in 22. 
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The Quebec Bridge. The first briclgo 
desigiM?d to cross tljo River St. Ijiiwrenco at 
Quebec was of the saiue type as the ‘Forth 
Bridge, but with i)0 ft. more span, making it the 
largest single span in the world, as indicated 
in the half elevation [23]. Owing, however, to 
the ineffieic*nt design of some of the struts and 
to too low a factor of safety a total c^ollapse of 
the bridge, so far as it was then t‘rec1,e<l, oetairrc'd 
cm August 30th, 1907. 

Steeps w'ere tak<*T\ in .101! to build another 
bridge, of rather less span and modiruxl in 
details, but it is not yet ereetcxl. 

Material for Large Bridges. In large 
bridges by far the mast- scaious load is the 
weight of the structures its(‘lf; therefore the 
strongest material eornj)arod with its wc'ight is 
used. If aluminium would bear comj>ari8on 
with steel in slreugOn its lightnc'ss would render 
it tluj material without ecjiial for bridges, but 
at j)resent mild steel bolds tht^ ])renuer ^msition. 
There is practieally a limiting sjiau for any 
material, according to it>s strength and weight, 
beyond which it. is impossible to go, and we 
may consider that this was nearly rc^achecl in the 
ease of the Quebec bridge. 

The SuKkur Bridge. The Sukkur 
Bridge over the River Indus is upon some- 
what the same priuci[)le as thc^ Forth Bridge, 
but decudedly less pleasing in a}>()(‘ara.ncH% due 
to tbe* contrast belwcH'ii the brack'd comprc*ssion 
membei’s and the oilu?r p.irls, as shown in <‘leva* 
lion in 24. These three* illustrations show some 
of the variations of whic*b the eantiU'ver jiriu- 
ci))le is capable. 

The Zambesi River Bridge. Tin* bridge 
over tlic*- Zambesi at the Victoria I'alls, Rhodesia, 
c'omplotcd and opened in 10()o, is a two-hiiig<‘d 
braced ami riveted arch span of 500 ft., with 
lattifjc^ girdc'i* spans of 75 ft. for the approaches. 
It w'cighs 1(»50 tons. ^rh<* arch truss(‘s have a 
rise of 90 ft., a d<‘pth of 105 ft, ut the skewbaeks, 
and 15 ft. at tlic c*rown. This bridge is r<*- 
markablc^ from its pcMition, Ix'iug built across a 
rocky gorge about 050 ft. wide, with j)r<*eipitous 
cliffs of hard basalt on each side. 'I’he front 
elevation and sec*ticm are shown in 25 and 26, 

The Griinenthal Bridge. Stec'l-liraccd 
arch bridges have been creeled of many ditferent 
designs ; there would, in fact, 8ct*iu to be almost 
unliinitc'd scope for variation. O'hc Ciiimonthal 
Bridge over the Baltic (^aiial [27] consists fif 
a single span of 5J.3 ft. 0 in., witli an arched 
girder of bold proportions having a rise of 
78 ft. (> in. and a .straight line of roadway running 
through it. The elTect is very satisfactory. 

The Garabit Bridge. The. Garabit 
Bridge over the River Truyerc^ in France [28J 
has a similar an*h witli pivoted cuicls, but sunk 
entirely below the roadway. The span is 541 ft., 
and the arcfh has the enormous rise of 196 ft. 9 in. 
There are theoretical reasons for reducing the 
braced ,, arch to a mcr<^ pin- bearing at the ends, 
but the cflecL is hardly agreeable when it is 
remarked that in all arches the thrust is greatest 
at the springing. 


The Mungsteh Jgkri^e. The oiiposite 
characteristic is seen in Bridge 

[29], wdiich is otherwise of similar character. 
This bridge is 560 ft. span, and has the enormous 
proport iofiate rise of 2^ ft. The arch is deepened 
towarcB the abutments, whore it is framed in 
with the braced toAvers supporting the roadway. 

Pipe Arch Bridge, A novel bridge was 
recently erected over the River Sudbury, near 
Saxonville, MaH.sachusctts. It forms part of- 
the aqueduct that carries the Boston waters 
siqiply, and consists of a stetd arched pipe 
130] 7 ft. 6 in. diainc*tcr, and g in. thick, double 
riveted. The sj^an is 80 ft. and the rise 5 ft. 6 in. 
To resist the great thrust on the abutments, 
about 40 ft. of solid concrete was tilled in behind 
them. Some difliculty was experienced in 
handling this work, both in the shops and in the 
field, owing to its unusual character, but it 
would be impossible to imagine a simpler solution. 

Long Span Bridges of the Future. 

So far back as 1867 Sir Benjamin Baker, in a 
book entitled “ Long Span Railway Bridges," 
showed that of eleven difi'erent tyjics of bridge, 
whieh included every class of design not abso- 
lutely cecentTic, that which he called the cov 
thtuom girder of rargittg economic depth was the 
one capable of lacing built to the greatest span. 
This typo was practically identical with that 
afterwards adopt(‘d for the Forth Bridge. By 
matlu'inaticai investigation ho showed that 
the limiting sjian was theoretically 2500 ft. 
ill wrought iron, at whi<*l\ span, with an infinite 
quantity of matci*ial and a strain of 80 cwt, 
p<T S(piar(‘ inch, the bridge could not carry 
more than its own w(‘ight. With sto'cl having 
a value of 130 evvt. jht square inch compared 
with 80 cwt. for wiought, iron, h(i showed that 
the limiting sptui Avonld be 4000 ft. The 
practical limit w<.)uld, however, be reacht'd at 
about half these* spans, owing to the excessive 
cost due to the grt‘at w t'ight of material involved 
in the w'ider spans. We can hardly anticipate 
the introduction of any new principles of design, 
but we may liojx' that' improv(*ments in steel 
will enable higlier strains to bo safely leached, 
and the saving in weight that this will eflcci will 
enable still wider sjians to be crossed. . 

The New Southwark Bridge. This is 
to be a iivc-spaii steel bridge, with a etiutre span 
of 140 ft. 6 in., intermediate spans of 131 ft., and 
shore spans of 123 ft. Th(* new bridge will be 
55 ft, wide, a-s eompared with a width of 42 ft. 

6 in. for the old bridge. Attention has been 
given to the improvement of the gradients both 
on the approaches and on the bridge itself, and 
there will be no slope greater than 1 in 32. The 
total length of the new bridge wull be 703 ft. 
The sites for the piers w^ill in* quite different 
from those of the old bridge. The usual method 
of sinking foundation caissons to the depth 
required for the piers w'ill be employedi the 
material for tlie ificrs being British granite, 
The designs are by Messrs. Mott and Hay aa 
consulting engineers, and Sir Ernest fleorge as, 
.consulting architect, and the total cost is, 
estimated at about £280,000. . ; . . 
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The first proceed W before begini^ing^^ the - 
removal of the old bridge was to provide tern 
porary footways 8 ft. 4 iti. wide on poth sides of 
the stnicture. To carry these footways it was 
necessary to arrange independent "foundations, 
as the old piers arc to be rcmovetl. These 
foundations, which consist of timber piling, wore 
driven into the river so as to be clear of (‘xisting 
piers on cacli side, and are designed not only 
with duo consideration of the largo passenger 
traffic over the bridge, but also to rany the 
weight of the overhead cranes, staging, and 
cross-girders, which had to be iuatalled for ihc 
purpoM'S of the work. The contractors, Mese^rs. 
Sir William Arrol & Co., installed tliree travelling 
cranes of ten ions capacity atid 84 ft. gauge on 
the temporary bridges, which were also aised to 
carry the hydraiilie, eloctrio, telephone, and 
other mains ternponirily diverted during the 
l)rocess of rebuilding. 

Need for Opening Bridges. When a 
navigable waterway passes between steep banks, 
it is possible to build a fixed bridge high enough 
for vessels to pass under without lowering 
their masts, as in several of the cases of large 
span bridges that have already been mentioned ; 
but there are many more oases where the bridge 
has to bo lixed at so low a l(‘vc‘l tliat some 
portion of it must be made to open, although it is 
possible to build steamships of 2(M)0 tons burthen 
to pass through the small and low arclu's of an 
ordinary river budge. For example, several 
screw oolliora were built to pass up the Thames 
tlmough the small arches of th<‘ old Vauxhall 
Bridge, where the eloaranee lemainiiig all round 
was only measured by inches. An interesting 
example occurs at Newcastle oii-Tyue, wIkto a 
noted high-level road bridge erossis betwei*n 
the banks with a railway track above it, and 
close alongside a low-level bridge connects the 
lower parts of Oateshcad and Newcastle. When 
the Elswick Works, fouiidcnl by Lord Armstrong, 
began to furnish the large ironclads with their 
powerful armanienl, it was found that tlie 
old low-level (ixed bridge pie\eiited the battle- 
ships from passing up the Tmio to the Elswiek 
Works to receive their eoinpiement of big guns, 
ami a new low-level bridge was erected in 187(», 
with an ojioning Span, in the form of a suing 
bridge giving two passages each of 110 ft. clear 
width, and, when closed, forming a roadway 50ft. 
u idc from shore to shore. 

The Towelr Bridge, London. There 
arc several types of movable bridges, the oldt'st 
of which is the so-eaik*d drawbridge spanning 
the castle moat ol feudal times. 'Fhis was a 
planked roadway hft(‘d by chains attached to 
the outer end, and working on a horizontal shaft 
near the portcullis of the entrance to the* castle. 
This would now he called a bnficule bridge, and 
was the progenitor of various modifications of 
which the Tower Bridge, over the Thames at 
London, is the ^ most prominent estample,* 
The Tower Bridge [31] is a combination of ^ 
basouiiQ bridge with two suspension bridged 

of a central span of 200 ft., in two half • 
li#t}pg,on 2wj:l©s at the base of the 


' of eaeh being n^j^impn/ 

rotated by di atei^m and i^to a ^ 

quadrant rack attaoheof to the ^ier end pf ^e^h 
leaf. The towers ate tied together at the top“ 
by a straight footway, and they the ^ 

shore sides two suspended spans pf 4^0 ft- each. 
The ‘^Chains” are, in th^ ease, really braced 
girders made with a suitable curve in two ^ 
portions. The towers arc essentially steel-framed^ 
structures clothed with stonework, for arohi-' 
tectural effect. The total height of the towers^ , 
measured from the level of the foundationSi 
is 293 ft. For the construction of the bridge, 
about 235,000 cub. ft. of granite and otbor' 
stone, 20,000 tons of cement, 70,000 cub. yd. 
of concrete, 31,000,000 bricks, and 14,000 tons 
of iron and steel were used. 

Bascule Bridges. U'ho essential feature 
of the bascule bridge is the turning upon a hori- 
zontal axis as above described, the lifting being 
sc'ldom effected by chains. Smaller bridges on 
tlio same prineip'lo have been eix'cted at the 
Bristol Docks, at Deptford Creek, and elsewhere. 
One great difticidty bascule bridges have to con- 
tend \\ ith is the wind, which, while tending to pre- 
Yoiit one leaf from being opened, may expedite 
the opening of tlu' other side to a dangerous 
degreix unless provision has been madi* to 
counteract it. In the case of the I’ower Bridge, 
a wind pressure of .50 lb. per sq. ft. was allowed 
tor; and as an avi'rago high wind does not reach 
more than about 22 Ib. per sq. 11., there is an 
ample mtargin for safety. An dlustration of a 
bascule bridge in loaves of about 00 ft. total span 
is given in 32. This is worked by manual power. 

Rolling Bridges. A modificalion of the 
bascule bvidgi* is found m the rolling bridgts 
such as the Seherzer Bolling Lift Bridge over the 
t’uyahoga Ri\(t, ('le\(‘land. Ohio, of 100 ft. 
span, double track [33]. A sketch of one leaf 
of a bridge upon th(‘ sanui j)rineiple is fc.how'n open 
ill 34. Jn this form, a ])uri* rolling motion is 
sub&titut<‘d for the axle friction of the earlier 
bascules, and it also has advantages over the 
more commonly used swing bridges which 
nMpmes a free hoiizontal space equal to its 
radiu.s in wdiich to swing. 

Swing Bridges. A swing bridge is one 
turning about a vertical axis, and is the usual 
form of movable bridge over a dock entrance. 
The earlier swing biiJges were worked by hancL 
power, turning iijion a central pivot and resting 
upon rollers after the fasliion of a railway turn- 
table. When the dock entrances were increased 
in width to suit the larger ships that yrcTO built, 
hand power was insufficient to work the swing 
bridges, and hydraulic power took its place, the , 
weight to bo moved increasing to five or six " 
times the original amount. In order to econo-*-' 
mise the space required for swinging, the tail 
end was made short and loaded with k^tledge. 
arid various ingenious details were adapted to re* 
^duce friction and facilitate the Tho 

^centre pivot became a hydraulic 
power to lift the whole weight of t^ Brldgo^off 
/ |he resting^ blocks, and a xapk.was jolted* to d>ha 
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DI \t RAM<J or MOVABLE BUIOoES 


hy ft hydiauljc engine aotnahd l>v i })ressine of 
7()0 lb per sq in Anm\(rUd lolUi path \v is 
employed m some cases foi tht t«iil end i oilers to 
woik upon, so that the biuloje should have no 
(hanco of tilting into tlu dock mIiiIc opfning oi 
( losing Some of the hand poMi r budges swing 
m two leaves, to reduti the weight to be moved 
by each capstan , but mIh n hydi uilu povicr was 
used, a single h if was alwivs adopted Tlu 
swing bridgt t an ymg the load way ovti the 80 it 
intranee of the Millwall Doiks, cue ltd under 
the supervision of the wtitei as assist int out 
door manager to Loid Armstrongs fum, hid a 
length of 150 ft an<l w idth ot 45 ft , and weighed 
about 500 tons 1 he I irgc st ofif rung given by a 
swing bi idge appf ais to be on the Penfi Id Rivei , 
at Brest The budge is built in two loivcs, 
each 286 ft long and spans a ekai w xhiw ly of 
350 ft (» m i3ie longi st swing bridge is one 
Ovei the Tlautan Hivti, New Jersi y 135J, being 
double end< d, 472 ft long, swinging on a < tntial 
pur, and jirovidnig an opening on each side ot 
216 ft deal 

Stresses in Opening Bridges. It 

should be observed that a rtnfarkablo duplica- 
tion of atrissts oet urs in all movable bridg<*s 
\Vh< n closed they rest iqion end supports so that 
they are in the eondition of an oidinary glider 
suppoited it the ends with the upper poition 
in compicssion and the lowc*r m tension When, 
howcvei, ilie budge is opened, whethei it i$ a 
bascule, or swing budge or the modem foihft 
of clrawbiidge, it is in the condition of a canti- 
lever and the stresses are reversed This 
isaversal of stress necessitates a higher factor of 
safety being allowed, or, what is the same thing, 
a smaller working intensity of stress, and such 
bridges are therefore c omparatively heavief 
than fixed bridges of the same span 

Assuming tile bridge to be required to 
fpan the W ft. or 80 ft entrance lock of 


clock bisin, the total length of the bridge 
will average twice the width of entrance, but 
this depends pxitly upon the width of the 
budge ind whcllu i a passige or gangwiy must 
bt left outside the budge when open, for 
waiping the ships m and out of the dock The 
(cntie pivot would be on a hydraulic lifting 
press, the position being found thus, bearing at 
nose end 2 ft 6 in f width of c tilr inco + gang- 
w ly (if liny) hilt width of bridge distxnce 
horn point of budge to centre of pi ess The 
ladnis to centre^ of t-xil i oiler path centre of 
1)1 tss to tail end - 2 tt (» in , the t ill end must 
not be less than half the length of nose end as an 
extreme difference The outline txf a budge 
foi a 00 ft lock, ha\ uig a loadway only and being 
10 ft wide over all, to leave a 3 ft gangwiy 
when open is shown m 38, and a similii bridge 
with a footway on each side making a width 
ot 32 ft () m over all, and not iteiuumg a gang 
way le tt, is shown in 37 

Drawbridges. Modern drawbridges, or 
tiaveising bridges, aie pulled back horizontally 
by poweiful m ichinery placed in a pit below tho 
load level to lea\e< an open waterway; such a 
budge was elected under the writer’s supervision 
at the Millwall Docks, London over the entrance 
to the umei dock In placcf of the central 
pivot of a swing bridge to lift it ofiE the blocks, 
there is a hydraulic cylinder near the edge of 
the dock uneler each mam girder, and horizontal 
hydraulic cylinders and rams with ohaina and 
raultiplymg sheaves to haul the bridge backwards 
and forwaids To guide the bridge to its exact 
position in e losing, a projecting horn was fixed 
underneath the nose of the bridge, which entered 
a groove with a sloping bottom on the furtjker 
copmg, and a yery curious phenomenon boaurred 
4n connection with this soon after the bridge w«a 
completed X^pm attemptmg to clash thh nrld^e 
on© afternoon it was found that tha hotm. 
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too low to enter the groove, and a long time/ ’ tppeb, hm$ 90 tiiLt iihey pWo^t aide 'and 
elaps^ before the clo%g could be eSeoted* Ond oscillacon of the qar^ It lk:ca|)ablh of hold^" 
The next time the bridge was used it entered all ing at one time tour two^hdrse, femere* waggons 
right, but again on one occasion it was too low. Ipaded and 300 passengers,' the latter ^Ing . 
'Iho engineer in charge considered the matter protected from the weather by a Varied abater 
^ ^tid came to the conclusion that the sun acting with folding doors at the end and side. On " 
4pon the dark painted bridge had caused a the top of me car is fixed tho operator’s cabin, ' 
greater expansion in the top flanges of the girders in which is placed the switchboard, so that the ‘ 
than in the bottom flan ores, and this had bowed operator has a full view of the course and has ' 
the bridge downward. , he therefore had the the car quite at his oomm^d. The time 
bridge painted white, and the trouble imme- occupied by the car in crossing is about 2^ 
diately disappeared. minutes ; so, allowing the time for loading and 

Lifting Bridges. Bascule bridges are unloading, it is capable of making about nine . ^ 
sometimes called lift hridgas, but the term or ten trips per hour. The bottom of the car , 
proj)erly belongs to those lifted bodily, of which, is about 12 ft. above high-water level, and clears 
however, there arc not many, and they are all the Ship Canal wall by about 4 ft. 6 in. The 
of small span. There is one on the Grand transporter is carried from the lower flanges 
Surrey Canal, in South London, which is lifted of the stiffening girders, on which are fixed the 
by hand-power gearing to allow barges to pass rails upon which runs (ho trolley, from which is ^ 
under. suspended the car. Th(‘ trolley is about 77 ft, , 

Pontoon Bridges. Another form of long, and is earri(*d by Ifl wheels on each rail. / 
bridge is the militaiy })ontoon system, and its It is propelled by two electric motors of about 

allied type, the bridge of boats. These are only .‘l.'i B.H.l*. eac h, a large excess of pro{)elling power 

of a temporary nature, and hardly within thc^ being provjdc'd, partly for economy of working 
scope of this article, but they deserve to he and principally to be ready for any emergency ol 
mentioned tas there is a large permanent bridge strong head winds with heavy load. The motors 
based U|)on the floating pontoon principle over are fixed to a kind of bogie arrangement in the 
the River ITooghly at Calcutta. Another form trolley, so that in th(‘ ease of large* curvature of 
of pontoon is the caisson, either r<jetangular or the bottom boom of tlu* stiffening girdoth. due 
boat-shape, used to close the mouth of ,a to cither tempeiatiire or load, the driving wdieels 

graving dock, or dry dock. It is lloated into would be certain to bear liard on the rails, 

position, and then 
water is admitted to 
the interior to sink 
it ; the pressure of 
the water in 
outer dock when 
the graving do(*k is 
pumped dry keeps 
it in position. When 
it is desired to re- 
move the caisson, 
witter is admitted 
to the graving dock 
through the sluices ; 
the water in tin* 
caisson is then 
piimi)ed out, allow- 
ing it to float 80 that 
it can be rcrno\:#^l. 

Transporter 
Bridges. A now 



38. WIDNES AND RUNCORN TRANSPORTER BRIDGE 


system of trarisit across rivers has recently lieen 
developed to w^hich tlie name of t>nns porter 
hridgia lias been given. The transporter bridge 
aiu'oss the Mersey [38] forms a most useful 
eonneetion bet\v(*eii the towns of Widnes and 
Rune-orii. It is in design precisely similar to an 
ordinoiy stiff(*ned suspension bridge, with tho 
exception that the approaches to the bridge are 
at a low' level — tlius disfiensing wdth the very 
; costly high level approaches — and the traffic, 
both foot and wdiceJ, is carried over in a car 
suspended to tho under side of the bridge, and 
worked electrically. The transporter car 
, tpouaiRis of a platform 5.5 ft. long by 54 ft. Wide, 
" 19 si^penued from the trolley by steel wire 


The battery consists of 245 cells of Chloride 
Accumulator,’* S. (1. 3 type, arranged in glass 
boxes, and is capable of giving 90 amperes for 
one hour or 150 amperes momentarily. Between 
plates of opposite polarity is a thin sheet of 
wood held in position by wood dowels resting 
on t he bot t om of the box. This method of sopara>^ 
tion eliminates all possibility of short circuits 
between the plates and reduces to a minimum the 
amount of attention required by the cells. 

Mr. J. J. Webster, of Westminster, and Mr. 
J. T. Wood, of Liverpool, were the consulting 
engineers for tho whole work, the electrical 
equi^ent being carried out by Messrs, Mather 
and rlatt^ of Manchester. ^ f ^ 
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**The Renascence of Wonder.’* A Survey of some of the 
Principal E$$ayists» Critics, fitstorlans, and Philosophers. 


NINETEENTH CENTURY PROSE 


N inkteenth ucntury proso, inliniU* in its com- 
]»lex variety of styh*, is di‘'tinguished by 
thocoinmon charactcristie of eritieal inquiry : it 
aims at trutli ; it striv(‘s to touch the vt*ry 
"heart of Hfo. Tlioro are, as Goi*the said, many 
echoes, but few voices. *Tl\is is largely true of 
all literary periods ; but the voices of tlio 
nineteenth century will cojn]>are advantageously 
with those of any preceding period. Where 
prose is conc(‘rned tliey are heard at their bt‘st, 
perhaps, in the novel. But tlie m^w note ” is 
hardly less resonant in the essay, the biography, 
the history, the book of theology, th<' narrative 
of travel, the scientific treatise, the studies of 
philosophy, art, education, and economics. 

A Great Period in Letters. If the 
twentieth century ha's opened for us with 
a wider and a nobler outlook on “ tbo things 
that matter,” it is due- largely to the work 
acooniplished in lh(‘ preceding century in the 
domain of Knglish lettciN. when our great 
writirs took to heart tlio aphorism of an 
eight centh-et'utury poet. TJu'y saw with Pope, 
but with a finer insight tluin his, that “ tho 
proiK'j* study of mankind is man.” The litora- 
tuiv Mf knowledge' and tlie hti'raturo of power 
heJonging to this period are akke marked by 
' a^ dominating but informed interrogative; for 
it was not only in imaginative v riling that tho 
la. it eeiitury witnessi'd what J\Ir. Watts-Diinton 
has ealli'd “tho Ih'iiaseenee of Wonder,” but in 
all fields of literature'- in criticism and science, 
not less than m poetry and romaiiof*, this ro- 
birth of “woiuler^’ look jd.vee. Tlie originator 
of the phrase thus explains it : ” The Heiiascenoe 
of Wonder merely indicates tliat tliere are two 
great iinpulso.s goieruiug iiiau, and }U’ob.xhly not 
man only, but the ('iitin' world of conscious life : 
the impulse ot aooefitanee —the impulse to take 
uii(haheng(*d and for granted all the phenomena 
of the outer world as they are — and the impulse 
to controrit tiiese phenomena with eyes of 
jiiquiiy and v'onder.” 

•♦The Renascence of Wonder.” 

Befori studying the ettVeK let us glance at the 
causes of this change in the nation s literary life. 
Tfte ^’eii<*l\ Revolution shattered tho sehoia-stio 
forin.disin ot Knglish letters. Jean Jacques 
Koussi ‘.au stirri'd uj) a leeliiig for liumanity such 
as England had ne\er hi'fore acquired from 
Preneh or Italian writeis, muoli as she had bi'en 
intlutmced previously by Continental models. 
The effects of tlu' Red Terror threw the thought- 
iul back for a time into the slough of despond. 
We have st'cu how Wordsworth, for exampl(% 
was bowed down in this way. Tlien a Scottisli 
teacher read Mmo. do Stael’s “ De 1* Allcmagnc,*' 
set himself to master the Goriiiau language, put 
Jean Paul Richt#r in tho place of Jean Jacques 


Rousseau, and by tlu' exercise, on the one hand, 
of the extraordinary knowledge he acquired of 
(Jerinan philosophy and German individualism, 
and his painstaking eslucidation of tho Crom- 
wellian epoch on the other, sot aloft an ideal of 
manhood and patriotic duty which, faulty in 
many respects as the design may have been, 
ijitiuenoed materially tho popular view of history 
and tho outlook on nature. There were others, 
besides (*arlyle, who drank dce[>ly at tho Teutonic 
spring. Wordsworth Wiis one, (Coleridge another. 
Byron a third ; Scott and De Quinci'y were of 
tho company. Each was affected dilfereiiMy, 
but at the same time profoundly. A new spirit 
was introduced into our literature — tlio spirit of 
wonder, which is of all human characteristics the 
most natural, the most fruitful in its intlnenoo 
nob merely iqion literature and tho other arts, 
hut upon every work of the hands of man. 

Thus romarico was ri'horri ; motapliysios ac- 
quired a new meaning ; humour was rein- 
carnated. Men longed to look at things as they 
were — to see them “ whole,” and of all th(j 
master-minds of tho century, Car) vie is the one 
who, both directly and indirectly, has stirred 
most deeply tho heart of tlio vast reading public 
called into being by tho mechanical inventrons 
of what tho late Dr. Russel Wallace called 
“ the Wonderful ( -entury.” ^ 

Literature and Politics. Tho history 
of tho essay, both critical and constructive, 
in tho century wo are considering, is hound 
up with tho history of tlie. periodical. 

Something of tho same kind may bo said 
of both poetry and the novel, Tho various 
])criodicals having a political bias, if not basis^ 
liboraturo devttloped n\ore or less under the aegis 
of politics. Tile writers made the reviews and 
tho reviews helped to make the V7'itcrs. Tf tho 
student, happily verst'd in more modern litera- 
ture, approa(;lies .some of ihvsr- old masterpieces 
in a spirit of wondt'rmenb at tho fame attached 
to them, lu* juust try to forget his later know- 
ledge. Ho must look at the work with tho eyes 
of the gent'raiion upon which it was sprung with 
such magnetic clfoct. 'roday much of the vital 
force which animated tho work of earlier writers 
has been seatt(*rcd, much of their “ tlumder ” 
has been stolon, the knowledges in tho light 
of which they wrote has been found to bo 
misleading. But tho saving salt of an individual 
stylo presc'rvcs many an old and obsolete book 
from the blight of oblivion. 

Styles of tho Great Writers. Among 
the. inliuences on later prose must bo reniombered 
tho prose of tho poets — tho prefaces of Words- 
worth, tho miscellanies of Scott, the critical 
essays of Coleridge, tho letters of Byron, Shelley, 
and Keats. But the student has a wonderful 
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^^oty of object leijsons in style before “him,* 
apart from these groat names. There are the 
fWitan fervour and grim humour of Carlylo, 
the gentle intimacy of Charles Lamb, the graceful 
confidences of Leigh Hunt, the aerial cadence of 
Do Quincey, the emphatic, unmistakable vigour 
of Cobhett, the brilliant antitheses of Macaulay, 
the incisive ])hrascs of Hazlitt, tiu‘ wit of Sydney 
Smith, the beautiful iiiiagc*ry of Ruskin, tlu' 
fiowing M‘a-nnisic of Swinburne, the c!as*sic 
beauty of Landor’s dialogn(‘s, the pi'iftH't 
serenity and harmony of Newman, the scholarly 
jU’Ohc of Matthew Arnold, the imdecoratod diet ion 
of Hallam and Freeiniin, th(‘ ])iet.uresque pages of 
Fronde, tlie j<‘welh‘d senti'iice.s of Walter Pater, 
and the spark 1(‘ of St(‘venson. In the main the 
pros<' writer who aspires to .style must be an artist 
just as <h<* ]K)(‘< is an artist, hut the secret of 
style is, iiltiinalc‘ly, the harmony ladween the 
subject and its treatment. 

Literary Style. J<"or gimeral purposes 
style has bpm eoiisiderably iiiQueneed by the 
usage of journalism. Tlie Press is n'sponsible 
for a markc'd lessening of the distinction between 
written and spoken languagi*. There mu.st 
always be sonu* distineiion betvv('i‘ri the tw'o. 
The skilled writer mu.st of uee(*ssity possess a 
elose aerpiaiiitaiioe with th(‘ uK’anmg of W’ords ; 
and it is, ]ierhaps, a d<‘fe(tiv<* knowU'dge of this 
meaning of W'ords which Jii's at the root of most 
failure.s in conqiosition. The speaker, by means 
of ae(‘ent, imiphasis, look, gesture, personality, 
can* lend significance to a eom}>aratiV(‘Iy poor 
speech. The writi r, if he w'ould impress his 
readers as e 1 Teeti\ely as (he sp<‘akor impn'sses 
his audience, must find literary ('quiv«ilents for 
the methods and eireiimstanees of platform and 
pulpit. But tht‘ aim of the w'liter who adtlres.s<‘s 
himsi'lf to a w'lde jniblie should be dirinMed to the 
perfection of a style that shall be di.stinetivi* a 
copied style is but u mask — eU^ar and colloquial, 
yct^ avoiding baldues .3 and vulgarity, and from 
which foreign words, once so jih'iitifiil in English 
prose, shall be notably absent. 

Biographers and Historians. Whih' the 
essayists have done much to inercasi* our know- 
h‘dge of bygone, and particularly of Elizabethan, 
literature, as -well as to ])o])iilarise various 
hrahehos of scientific learning, the hiograph<*r^ 
have given fo the prose of th<‘ period some of its 
greatest intellectual assets. Southey’s “ Nel&on,” 
Lockhart’s “ Scott,” (’arlylc’s ” Cromwell ” and 
'‘Sterling,” Lewes’s “Goethe,” Froude’.s “Car- 
lyle,” ]Massoii’s “ Milton,” Spedding’s Bacon,” 
Stank y’s “Arnold,” are classics that for one 
reason or another are never likely to bo super- 
sedod. The influence of English hiatoricai 
methods h.is been world-w'ido. T^he nineteenth 
century historians are worthy successors of 
Gibbon. Tliey have determined the unity of 
histoiy, brought the .study of evolution and 
environment to a pitch of scientific accuracy, and 
made history a fascinating study. ^ 

Theology and science, philosophy, politics, 
^economics, art, education, and travel aro 
.bHefiy touched upon in our chronological i^udy 
^>hc leading prose wi-itcrs of the period* 


remain, however, before we take up this chrono- 
logical study, two facts of especial interest 
must be noted. One is the high Uterary value of 
nfuch of the scientific literature of the tiine,^ 0 ^ 
disclosed, for example, in the writings of Suxjey ; 
the other is the distinction attained by wom^. 
writers. The lattet is a portent that should com- 
mend itself to some iihilosopher of the future. . 

Essayists and Critics. No 6 eriou.s 
student of English criticism can afford to negl^t/ 
the prose writings of Samuel Taylor Coleeidom 
(b. 1772; d. 1834). 'They are by no means 
easy to read at the outset, but when the authoria 
point of view hns been attained they will prove 
most stimulating and suggestive. The 
“ Lecture.s and Notes on Shakespeare are 
especially valuable both on account of thoir 
great intrinsic value and the elfocts they had 
on later estimates of the national poet. 

Sydney Smith (b. 1771 ; d. 1845), Fb\ncts 
Lord Jjsffrey (b.. 1773 ; d. 1850), and Henry 
Peter Lord Brouoham (b 1778 ; d. 1868) 
were jointly responsible for the early niuuber.s of 
the “ Edinburgh Review.” They were i>oliticians 
first and men of letters in a secondary sense. 
Sydney Smith’s was a natural wit, but it \vas 
always under the control ot good taste His 
stylo Ava*- natural, ami he used with unequalled 
tdfeet against th(‘ forces of preltuieo and pom- 
posity the ))rocess of logical inquiry known as 
the TfdncUo mi ah^urdum. Jelliey Avas nia-iter 
of a style the ini]>oitanee of which is derived 
from the fact that it served as a model to 
his greatest t*ontributor, MacauLy. * Brougham's 
zeal for popular education anus groatei than 
his discretion as a ciitic. , 

The Coming of the •‘Quarterly.” 
Willi VM GrFFORD (b 1756 ; d. 1826), the first 
editor of (ho “ (}uarterly ReAdew.” Avas another 
“man AAith a bludgeon,” aa ho^e best services 
AAcre those he rendered to the Elizabethan 
dramati.sts, and {'specially to Ihc memory ot 
Ben Jonson. Fcai m(*n aaIiok* names are remem- 
bered in literature cvei AMote more that lias 
been forgotten than did Robert Southey (b. 
1771; d 1843) TTis fertilitv of produetiou 
Avaa as amazing as its variety. Ho Avas a scholar, 
and, considered as a stylist alone, claims a high 
plexcf* among his contemporanos. And yet “ of 
Avhat is called style,” ho said, “ not a thought 
enter, s my head at any time I only endeavour 
to w^ritc' plain English, and put my thoughts in 
language which everyone can understand.” 

8 rR Walter Scott (b. 1771 ; d. 1832) wTOte 
almost as inccs.santly and os variously 09 
Southey, but Avith much greater success, inde* 
*pcndcntly of his greatest work. His essays on. 
chivalry, romance, and the drama, and his letters 
on demonology and w itchcraft, arc still eminently 
readable ; and he was a painstaking os' well ai a 
capable editor, especially , of Swift. JoHsr 
Wilson (b. 1785; d. 1854), the “ Christopher^ 
North ” of “ Blackwood’s Magazine,” is chiefly 
remembered the literary par^t of De Quinoey, 
as part author of that brilliant obries of ^ogttos 
“ Nootes Arabroiianoa,” attthor of; a work 
enHtled ^^Lights 



Joim Gibson Loonhart (b. IIH; d* 1S64), 
Scott’s son-in-law, and Wilson’s friend and 
C(^lea^e on ** Blackwood,” who snoceeded 
GifPom as editor of the Quarterly,’’ gave to 
journalism much that by right should have been 
devoted to literature. His masterpiece is the^ 
Life ” of Scott, second only to Boswoirs 
“ Johnson ” as a model biography. 

, Charles Lamb. One of the greatest, as 
^he is one of the least pretentious, of English 
* prme witers is Charles Lamb (b. 1775 ; 
d. 1854) ; but the now world-famous “ Essays 
of Elia” originally issued from the press, at 
all events in their collected form, upon a cold and 
irresponsive world. In the history of English 
prose Lamb stands as much alone as T^andor or 
Sir Thomas Browne. He is master, not of one 
stylo, but of as many styles as he possessed 
moods. Ho is full of elusive echoes of the. old 
writers whom he loved. His is the art* that 
conceals art, for seemingly he is as frank and 
as communicative as Montaigne. His character 
is written in his “ Essays ” ; his autobiography 
in his Letters. He Avrote for magazines — ^the 
“ London " in particular — but ho wrote Avhat 
he would, and not merely or principally for the 
pecuniary proceeds of literary work. Herein, 
undoubtedly, lies part of the secret of his enduring 
charm. Then, ho was a man of many friends. 

His life-story Is as inspiring as that of 8cott. 
posterity reverences Lamb almost as a memory 
of a golden age, as the embodiment of a quality 
of heart from \\ hich it has parted ; it looks 
on him as Lucifer looked on F’aradiso lost. 
But Lamb Avas not only an essayist of unique 
charm ; he was also a critic of rare insight and 
surprising accuracy. Nothing that he wrote, 
and little that his life inspired others to write of 
him, can the student afford to neglect. 

William Haslitt. In William Hazlitt 
(b. 1778 ; d. 1830) we have a strong contrast to 
the man-who regarded him as one of the finest 
and widest spirits breathing.” Hazlitt was in- 
debted to Lamb, and acknowledged the in- 
debtedness ; but with a critical faculty as keen 
as that of Lamb, he po.sses8ed not a scintilla of 
“‘Elia’s ” human sympathj^ ; hence, Avhereas the 
one is loved the other is given the meed of almost 
frigid praise. Yet HazUtt’s is a name of first 
importance. “ We are mightly fine folloAvs,” 
said Stevenson, “ but wo can’t write like 
William Hazlitt.” He is the master of the apt 
and illuminating phrase. The student of KShake- 
' spe^re owes much to Coleridge’s “ Lectures,’’ 

. he owes much also to Lamb’s “ C’ritical Essays,” 

; but ho must also study, and study with attention, 
^Hazlitt’s “ Characters of Shakespeare’s I’lays ” 
work dedi<&itod to Lamb— and the ” Lectures 
'OA the Dramatic Literature of the Reign of 
''^Uzabeth.” Of equal note are the Lectures 
An the English Comic Writers ” and “ Lectures 
Oii the English Poets.” It must be confessed, 
'hi^wever, that there is more venom than justice 
the personal sketches bo called ” The Spirit 
the Age.” But, as a writer sa 3 rs, noting the 
i)iaunting motto to the delightful essay * 

Oh Sundials,” only counts HazUtrs 
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' eereoB hours, they prove him to have hoi 
' something far higher than the talent which doffili 
^ what it can. He had his share — no one who 
has tasted the fruit of those serene hours 
can gainsay it — ■ of the genius that does 
what it mnaty 

Thomas De Quincey. An object of 
the most contradictory criticisms is Thomas 
De Quincey (b. 1785 ; d. 1859). Sir Henry 
Craik, in hia introduction to the final volume 
of “ Englisli Prose Selections,” describes D.3 
Quincoy’s prose as spurious, and as possessing 
“ all the appearances of eloquence except those 
that are true,” wdiile in the same work Mr. H. 
Briiiiley tJohnson speaks of his vigorous intel- 
lectuality, genius, richness of fancy and splendour 
ot style. With Hazlitt and Lamb. De Quincey 
was a contributor to the “ London Magazine,” 
ill which his “ Confcj^sioiis of an English Opium 
Eater ” appeared. Do (Quincey stands S])onsor 
to the modern school of “ prose poets.” He has 
much to attract, but is dangerous to folloAv. He 
lacks a certain dignity, is normally wuthout what 
Avo understand by the A\ord “reverence,” and 
is at times terribly discurfsivo ; but aa^o must 
remember that the bulk of his Avork Avas anony- 
mous journalism, and that the Avriter kept up a 
weak })hysique by the use of opium. 

The “ Confes.sions,” the historical essays, and 
the “ Autobiographic v^ketc'hes ” should be closely 
studiixl. Do Quincey has been styled the 
“ BosAvell of Essayism,” so intimate arc his 
rcAadatioiis of both himself and his associates. 
He possessed to an almost amazing degree an 
instinct for dramatic expression. Whatever 
men of Avhom he wrote may have thought of his 
character draAA'ing, ho w as Avell liked personally, 
and in his later years ho proved a good husband 
and a devoted father. Perhaps Mr. Birrcll is 
right when he declares that Dc Qiiincoy aa'iII 
alAAays be “ above criticism.” This great 
essayist was a rha])sodist, but he Avas, too, an 
inquirer, and his influence wevs against cast-iron 
formality in English prose. 

The Characteristics of C o b b e 1 1. 
William Cobbett (b. 1762 ; d. 1835) started life 
by scaring croAvs, but left a name Avhich Avill bo 
remembered AAith those of the most famous 
AAriters of his time. He may be said to per- 
sonify the whole art of .self-education. By self- 
denial and perseverance he acquired a vast sum 
of varied knowledge, and aa ielded immense influ- 
ence as a politician and a Joiirn a list, v inspiring his 
countrymen with a reasoned love of their native 
laiwl. Despite extraordinary difficulties, he learnt 
English and French so well as ta be able to Avrite 
grammars in both languages, and developed a 
literary style as natural as Defoe’s, as vigorous as 
SAAift’s, brightened by humour and telling invec- 
tive, and perhaps as characteristically Saxon a$ ^ 
any that could be named. * He was a clean-living 
man, Avho delighted in the open air, being a born 
student and lover of Mother Earth. Above all, 
Cobbett saAA' clearly, thought clearly, and uttered 
clearly. His varied career from plough to 
Parliament wdU Avell repay study. The works 
he left are as dilrersifled as was his life. 
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Cobbotl’s “ English Grammar jand ** French 
Qirammar ” are written in the form of letters to 
his son, and are unsurpassed in the lucidity of 
their arrangement and their quality of genuine 
liveliness. The “ English Grammar ” may be 
commend erl as vahtly entertaining w#*U as in- 
structive. His “ \VVeklv Political Hegbler/' 
started in 1802, was continued, apart from 
one small break, until bis death ; it ^^as for 
two yeais edited from i)rison, where he was sent 
for iuj- strictures on dogging in tin* Army ; 
and for a time from America, whither he 
Hod to avoid further imjjrisonment. Jn 1803 
ho began tlie Parliamentary Deh.at*'^.'’ Avhenee 
originated our prcM'nl “ Hansard." He wrote 
a “History of the Hcloriuation." which is 
still real I, though chiefly hy Roman (jatholics. 
His “ Advici' to Young Men " is full of prac- 
tical common .sense for men and women. Its 
vigour and frankness are as refreshing as the 
breath ol tin* >ea. His he.st work is to ho found 
in (he pict ur(‘Sf|U(‘ accounts of his political tours 
on hofM'hack, which are familiar as.“ (^obbetPs 
Rural Ridc.s/’ and fhc ^ludent in f-earch of a 
guide to muscular Engli-h would do belter to 
read a chapter trom this (‘ai'h day than from 
alriio.'-t any other ])n)se work. Of his faults, his 
egotinn luis peihapa <-ounted too mueh to his 
detriment. That it was a. reasoned egotism may 
be seen in a passage from the “ Rural Rides,” 
W'hicli wo quote below. 

A Specimeiii of Cobbett’s Style. 

Cobbett remarks on the beiKdioial effects of e^arly 
rising oii the traveller, ab^tiiumee from Avine and 
si>irif.s, and moderation in eating, and on the 
fact that, under condilioii'N '•pecifiisl, the riding 
of tw'onty miles Avas not s<» fatiguing at the end 
of a tour OhS the riding of ten miles aaus at the 
beginning of it. He goes on to ^ay : 

“{some ill-natureil f<iols call this egotism. 
Why is it egotism V (Jetting upon a good strong 
hor.se, and riding about the country. . . . recpiires 
neither tal(3nts nor virtues of an^ .soil ; hut 
health is a very valuable thing ; and, A\hen a 
man has Iiad tlie experieme Avliich l have had, 
in this instance, it is his duty to state to the 
worlil, and to his own countrymen and neigh- 
bours in ])artieular, the hap])y effects of (*aiiy 
rising, sobriety, abstinence, and a re*olution to 
be active. It is his duty to do this ; and it 
lieeomes im})eratively his duty A^hen he lias 
seen, in the eour.'^e of his life, so many men, so 
many men of excellent hearts and of goo<l talents, 
rcMulered prematurely old, cut off ten or twenty 
years before their time, by a Avant of that early 
rising, sobric^ty. abstinence, and activity, from 
Avhieh he himself has derived so much benefit, 
and such inexpressible pleasure. . . . Tt is 

soldoni that rain, <‘omc Avhen it would, has 
prevWted me from performing the day’s journey 
that I had laid out beforehand. And this is a 
very good rule : i-tiek to your intention, Avhether 
it be attended hy inconveniences or not ; look 
upon yourself as bound to do it.” 

Here Avc have Cobbett the man ; no dreamy 
theorist, but a master of hard facts who is com- 
pelled to convey his knoAvledge in a manner 
which none can misunderstand. Cobbett is not 
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a great literary character ; but his stylo is the 
best of models for all who aspire to write clearly 
and correctly. 

Anecdotes and the Minor Morals. 

Ijsaac D’ Israeli (b. 1706 ; d. 1848), the father 
of Lord Reaconsfield, wrote a number of anec- 
dotal Avorks which, though soiuewhat slipshod, 
offer evidence of much culture and wide read- 
ing, being chiefly notable for the entertainment 
they afford and the stimulus tlicy give ^to 
further inquiry in the by-paths of literary 
history. The “ Curiosities of Eiterature ” is the 
best of these; its eompanion.s are “(Calamities 
and Quarrels of Authors,” “ Amenities of Litera- 
ture,” and “ The Literary Character.” John 
•Foster (!>. 1770 ; d. 184.3), a Baptist minister, 
Avas the author of a series of “ Essay.«.” I'hat 
“ On DeeLsion of (Hi.araeter ” should lie read Avith 
('Jobbett's “ Advice to Young Men ” ; the “ Sclf- 
Cullure” of John Stuart J3la('kie (b. )809 ; 
d. ISO.*)) ; and the ‘‘ Self-Help ” of Samuel 
Smiles (b. 1812 ; d. 1901). 

La n dor's ** Imaginary Conversa» 
lions.” WALTER Savaoe L\ndor (b. 177.5; 
d. 186 1) Avas an author Avho, as Mr. Birrell says, 
“ preferred stately magnificeiieo to chatty famili- 
arity.” He livc'd, in a scsise, alone, and his A\ork is 
also independent. Ills “ Imaginary ('onversa- 
tionr>” possess ‘^trong dramatic ipialities which 
have caused many to Avonder that their author 
failed to Avntc a grc‘at play. I'hc “Conversa- 
tions” were ]ml)lished between 1824 and 1853 ; 
they range over a vast area of topics, and are 125 
in number. In these lofty and earnest pages 
we aiv, s-.iy^ the “ Edinburgh RevicAV ” of 1846, 
by furns. “in the higli and goodly company of 
Avils and men of letters ; of churchmen, laAvyors, 
and states men ; of party-men, soldiers, and 
kings ; of the most tender, delicate, and noble 
AAomen ; and of figures that seem this instant to 
have left tor us the Agora ((Jreek oijuiA^ahml of 
the Koinaii Forum | or the schools of Athens, the 
Forum, or the Seii.it e of Rome. At one momont 
AAc have politicians disiaissing the deepest 
(juostions of st.de ; at another, philosophers 
still more largely philosophising ; poets talking 
of poetry ; men of t he world of worhlly matters ; 
Italians and French of their respective literatures 
and manners.” Landor, in fine,, is our English 
Taieian : the eUissie Avriter of dialogues who 
flourished in Greece during the second century. 

Among Landor’s dialogues especially admired 
for their dramatic^ intensity are those between 
Peter the Great and Alexis, and Henry VIII. 
and Anno Boloyn. “ 1 shall dine late,” said 
Landor, in an oft-quotod phrase ; “ but the 
dining-room will be well lighted, the guests few 
and select.” Yet we may all some time or other 
“ dine ” with Landor as our host and Ijp assured 
of excellent entertainment. When one is study- 
ing the life of Shakespeare, Landor’s “ Examina- 
tion of William Shakespeare ” may bo read as a 
charming piece of imaginative prose. 

Diaries and Collections. William 
Hone (b. 1780 ; d. 1842) was a sort of minor 
Gobbett, with something of D'lsraelfs feeUng 
for letters.* His “ Every-Day Book,” ” Table-’ 
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'Boo*fc,” and ** Year-Book ’* bear tribute to his 
industrious study of old manners and custonui. 
The ‘first-named contains a tenderly worded 
dedication to Charles Lamb, and to the “‘Table- 
Book ” the “ gentle Elia “ contributed his 
selections from the Garrick Plays. But Hone’s 
books are chiefly valuable as works of reference 
to the literary man. The “ Papers ” of John 
Wilson Crokrr (b. 1780 ; d. 1857) and TaoiVkis 
Crbevey (b. 1768 ; d. 1838) 8up])ly much in- 
timate detail of the Court, literary, and political 
life of their time, the one from a Tory, and the 
other from a Whig point of view. Crokcr, who is 
much better known, Creevey having been a 
“discovery” of Sir Herbert Maxwell in 1003, 
was a frequent contributor to the “Quarterly 
Review.” His chief work was an edition of 
Boswell which drew forth a remarkably bitter 
criticism from Macaulay. 

Leigh Hunt. James Henry Lkiou Hunt 
(b. 1784 ; d. 1859) was an essayist of considerable 
charm and versatility, whoso friendships secure 
for him a greater meed of recognition than his 
writings, though those are not unimportant. He 
introduced Shelley and Keats to one another, and 
brought these })oets before the public in the 
“ Examiner,” of which he Avas editor and part 
proprietor. The .student of English literature 
will find much piofit in hh “ Imagination and 
Fancy,” “ Wit and ITumour,” and “ Men, 
Women, and Books ” Ilis “ Dante's Divine 
(Jomedy : The Book and its Story ” is also of 
value, * while his “ Autobiography ” contains 
enough to secure for it the permanent intere^'t 
of all bookmen. London anil “ Thi* Cocknej^ 
School” found in him an energetic champion, 
and his gossipy volume on “The Town: Its 
Remarkable Cnaractors and Events” retains 
a certain measure of popularity. As a critic 
he was appreciative ; and his method of handling 
such themes as old age and child life easily securch 
for him the affection of syiiipathotic leadeis. 
Ho had another link with Charles Lamb : he 
stammered. It was only in part — and that part 
a small one where his real woith is concerned — 
that he can be asbociat^d w ith Charles Diclvcns’s 
satirical portraiture of Harold Slvimpole in 
“Bleak House.” 

Nassau William Senior (b. 1700 ; d. 1861) 
w^as an acute literary critic as w^<*ll as a political 
economist. His “ Essays on Fiction,” articliN 
on Scott, Lylton, Thackeray, and others, con* 

. tributed to the “ Quarterly,'^ “ Edinburgh,” aiyl 
other reviews, w'ero published in collected form in 
,1864, and w^ill well bear perusal by the student. 
William Maoinn (b. 1793 ; d, 1842), scholar, 
j critic, humorist, was once a great force in the 
^magazine world. He remains, despite all Ins 
great gifts, a “ might-have-been,” the original 
of the Charlie Shandon in Thackeray’s “ JVn- 
’dennis.” Ho w^as one of “ Blackwood’s ” most 
'brilliant contributors, and as the conductor of 

Fraser’s Magazine” he gathered round him 
' some of the choicest, and distinguished of 
^^ntomporary writers. *AnIiA‘’BS^wnbll JamE" 

: soN^ (b. 1794 ; d. 1860) ^V^ 9 te a volume on “ The 
.C&ajraotori^itics of which 


is still a favourite, and her books on art are tl>o 
classics of the subject. 

A Short Study of Carlyle. Thomas 
Carlyle (b. 1795 ; d. 1881) began his literary 
career as a writer in the “ Edinburgh En- 
cyclopaedia,” for which, between 1820 and 
1823, he wrote articles on Lady Mary Wortley 
Montagu, Montaigne, Montesquieu, Dr, John 
Moore, Sir John Moore, Necker, Nelson, Mungo 
Park, Lord Chatham, William Pitt, and several 
papers of a topographical character. Only one 
of these — the paper on Sir John Moore — can be 
described as inadequate. From the first Carlyle 
seldom spared himself. In 1821 he published two 
translations — one from the French (LcgendriV,s 
“Geometry”), and one from the German 
(Goethe’s “ Wilhelm Meister ”). The latter work, 
praised by “ Blackwood’s ” and the “ Edin- 
burgh,*’ was attacked by De (^uincey in the 
“ London Magazine,” to wdiich ( ailyle had been 
contributing his “ Life of Schiller.” The last 
chapters of the “ l^ifo of Schiller ” appeared 
biiuultancou^ly w'ith the unjustifiable attack. 

Whatever pain may have been caused by Do 
Quincey was more than assuaged by the com- 
mendaiion fiom Goethe, who wrote a eulogistic 
introductio!! to a translation of the Schiller 
volume which was published at Frankfort in 
1830, thref‘ yc»ars after Carlyle’s period of 
apprenticeship ixiay be said to have been brought 
to a close with his studiovS of “ (German Ito- 
manee.” Meanwhile Carlyle had mot Jellrev 
and become a contributor to the “ Edinburgh 
Review,” a connection that lasted seventeen years. 

Carlyle's Literary Style. One of the 
real curiosities of literature is the distinction 
between the form of (^,arlyle'8 early writings and 
that know n as “ Carlylese,” the undoubtedly 
powerful, but electrical, explosiv(\ ejaculatory 
stylo whoso beginning may be noted in his 
“ Sartor Resartus,” a Avork of autobiographical 
as AA^ell as/of philosophical interest, which, 
originally published in “ Fraser’s,” first won 
ade((uate recognition in America. The student 
who Avoulil read Carlyle aright can do no better 
than begin by digesting Professor Nichol’s 
maslerly monograph in the “ English Afen of 
Letteis *’ series. Froi^tle’s conlentious pages 
should be left for a later period. Never has any 
other literary friend pcrformc*d such a laborious 
dias<*i'vice as Fronde performed for Carlyle. 

Cailyle's greatest w^orks arc those in history, 
sociology, and polities. But there is a great deal 
in his miscellaneous essays — those on Burns, 
Johnson, Scott, Voltaire, Diderot, and Miraboau,'' 
for example — that must not bo overlooked 
by any reader who de.sires to understand the 
man him.self. Carlyle has been greatly mifl- 
undeT stood ; but his influence has* been almost 
incalculable in Germany as w’cU as in England. 
He Avus “ human, like ourselves ” ; more, 
l>erhaps, of an iconoclast and a prophet than 

constructive power ; but he lookm to the 
“ foundations of society,” he had a genuine 
Tove of truth, and his striving after truth has loft 
to posterity a standard of thought which must 
remain a permanrat social as woU as literary force 
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The Influence of Carlyle. Essentially 
masculine in view, Carlyle has yet had a marked 
influence on women readers. The Swift of the 
nineteenth century, many a Stella has been his 
pupil. Appreciations — and depreciations — of 
his labours there are in abundance, but ))erhaps 
Walt Whitman in his “ Specimen Days ” touched 
the reality as closely as anyone. “ Ah a repre- 
sentative author, a literaiy figure,” lu? wrote, 
“ no man <‘lsc will be(|ueath to the future 
more significant hints of our stormy era, its 
fierce paradoxes, its din, and its struggling 
])eriods than (Jarlyle. ITo belongs to our own 
l)ranch of the stock, too ; neither Latin nor 
Creek, but altogether CJothie. Hugged, moun- 
tainous, volcanic, he was himself more a Frcuudi 
devolution than any of his volumes ... As 
launching into tda* sclf-compla,(;cnt. atmosphere of 
our (lays a rasping, (juest ioning, dislocating agita- 
tion and shock, is Carlyle's final value.” ( arlyki 
began life, in a sense. 


- ^ 

possible organisation* as yet far off, Poverty 
may still enter as an important element ? What 
if our Men of Letters, men setting-up , to bo 
Spiritual Heroes, were still then^ as they now are, 
a kind of ‘ involuntary monastic order ’ bounci 
still to this same ugly Poverty — till they had . 
tried wdiat w'as in it too, till they had learned to 
make it to do for them ! Money, in truth, cart 
do much, hut it cannot do all. We must know 
the province of it and confine it there ; and even 
spurn if Inu^k, when it wdshes to gt^t farther.” 

We cannot well in a few words arrive at any 
plan for the especial study of Carlyle. From the 
wide range of his writings the general reader will 
take to such works as his faruy prompts, the 
student to those his studies suggest, and both 
may ho left safely to come under the all-com- 
pelling influence of this mighty and original 
thinker. I'lui least, that should he known of 
Carlyle’s works are “ The French Revolution,” 

“ S a. r t o r Resartus,” 


by tcachijig mathe- 
matics in a Ffieshiro 
school; he remained 
a teaclujr to lh<^ end of 
t he chapter. As a styl- 
ist he is the greatest 
“free lance” in the 
language: hut the 
reader should Ixnvare 
lost he impute to the 
leader the sins of his 
would-ho followers, as 
many a one has sought 
to t bunder in (^irlyli an 
strain with the most, 
n n h a ]) p y results. 
Wliere ( Uirlylc's style is 
(joncerned we must not 
judge him by the stan- 
dard of any otlu^r 
writer ; he claims by 
right to he jiidg(Ml by 
the vivid and vivify- 
ing result. Of no great 
writer could it he said 
with more? cogency 
that the style is the 
man.” His vioAv of his 



“ IfcToes and Hero 
Worship," and ” The 
Life of John Ster- 
ling.” If one begins 
w it ii “ H e roes and 
Hero Worship," the 
ap]3etite is more likely 
to bo whetted than by 
entering the C‘arlyle 
1 1 ‘ e a s ii r e - h o u s e 
through the usual gate 
of “ The French Revor 
lution.” 

Mrs. Carlyle. 

Almost ns interesting 
as anything Carlyle 
wrote A\'as the story of 
his own married life ; 
in some way, indeed, 
that has been fruitful 
of mori5 controversy 
til an an y of hi.s 
boldest assertions in 
the domain of philo- 
sophy. Jane Welsh 
C-AKLYLE (h. 1801 ; d. 
1860) was almost as 
notable a woman as 


calling is indicated in Thomas carlyle her husband was a 

his Ieeliir(5 on “ The man, for her “ Letters 


H(‘ro as Man of Ltdters,” where he writes : 


and Memorials” prove her to luivc been one of the 


Carlyle on the Man of Letters. accomplished. women of her time, a shrewd 


“ On the whole, one is weary of hearing about 
the omnipotence of money. . . . There 

ought 1() i)e jJterary Men poor. . . . Who 

will say that a Johnson is not perhajjs the 
better for being ])()or ? It is needful for 
him, at all rates, to know that outw^ard profit, 
that succe.ss^ of any kind is not the goal he 
has to aim at. Pride, vanity, ill-conditioned 
egejism of all sorts, are bred in his heart, 
^as in cvciy heart ; need, above all, to be cast 
out of his heart — to be, with whatever 
pangs, torn -out of it, cast -forth from ity 
as a thing worthless. Byron, born rich and 
noble, made-out even less than Burns, poor and 
plebeian. Who knows but, in that same ‘ best 


critm, fit to rank with the groat letter-writers 
who have eont ributed no inconsiderable propor- 
tion of our national literature. Mrs. Alcxande^ 
Ireland w rote an excellent “ Life ” of Mrs. Carlyle. 

It must ever bo a matter for regret that the 
Carlyles, both of whom habitually used worda^,. 
on the domestic level too strong for the expres* ^ 
sion of their real intentions, should have been 
paraded before the world in Froude’s writings as 
if' they were gallingly yoked together, though \ 
their love for each other was profound and un- 
changing. The matriages of men and women of " 
genius with each other are not so many that tho 
world can afford to see them perversely dis-^ 
torted. J; A. HAMMERTON 
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General Conditions of Civil Service Appointments. Details 
of Emoluments and Conditions of Entry. Examinations. 

FIRST CLA.SS CLERKSHIPS 


T he schodulo appearing on page 1916 summa- 
rises for convenient reference the loading 
features of each general grade of appoint- 
ment in the National Service. It thus alTords, as 
it were, a bird’s-eye view of the whole subject that 
should prove useful to prospective candidates who 
are uncertain by which of the many avenues 
of approach they should seek to enter Slate 
employment. In this and succeeding chapters 
the main outlines furnished by the table arc 
amplified with full particulai*3 respecting each of 
the appointments in turn. The educational 
level of the examinations, for example, is 
more exactly defined by a list of subjects and 
marks. Meantime the table itself calls for a few 
Words of comment. 

First, then, as to the salaries given in Column 5. 
These are by no means to be regarded as repre- 
senting the of each class. In almost 

every instance, ability and good fortune may 
secure a maximum wcdl in advance of the figures 
'shown. Our aim has boon to show^ not the 
utmost salary within the reach of individuals, but 
the amount which, having regard to the consti- 
tution of the fttatf and the conditions of engage- 
ment, may fairly and reasonably be antici])ated 
without special ijromoiion or unusually rapid 
rise in grade. 

A Word of Caution. On this matter 
of salaries the representations of certain Civil 
Service “ coaches ” mmst be taken with a grain 
of salt. Anxious, for their own ends, to attract 
candidates to the service, they contrive, while 
avohling any definitely false statement, to convey 
irapre‘*'ions that arc far too fiatteriiig as to its 
prospects. 

A})pointments in the Customs and Kxcise, for 
instance, are sometimes advertised in such 
teiiiptiiig t^Tiiis as : “ Salary, €80 to £8(K> a 

year.” But W'oo betide the haples.s youth who 
supposes from these figures tliat success in the 
entrance examination for this grade ensures the 
nwimum salary mentioned ! Tie is fated to bo 
bitterly disillusioned. Among a staff of o\er 
6000 (’uflfloms and Excise officers, there are fair 
chauCPS of attaining a maximum of £450 a year 
or a little more; but only about fifty memlTers 
of that large force can hope to reach such a salary 
as £800. The figures shown in column 5 of our 
Conspectus represent the average prospects of 
Teach grade, as nearly as they cart be estimated. 

It should be notefl that examinations in this 
servico are dependent on the fiuctuating nc^eds 
of its various departments, and therefore aro 
held for the most part at irregular intervals, as 
well as for a varying number of appointments. 
In some instances there^ may be a year or more 
^between the competitions ; but those by w liich 


the ranks are mainly recruited occur, as a rule, 
twice or thrice yearly, -Columns 6 and 7 of the 
table furnish useful indications of the number of 
vacancies to bo expected in each grade, and the 
severity with which they are contested. * 

A further feature calling for notice is the 
elassification of posts acconling as they relate 
to partic'ular offices or to the general clerical 
stafl. Members of the latter aro employed 
indillercntly in all the larger departments. A 
succes.sfiil competitor for a Second Division clerk- 
ship, for example, may find himself appointed 
to any one of about 00 Government offict^s, 
variously situated in London. l<jdinburgh, or 
Dublin, and offering very different duties and 
prosiieets. The wishes ot each candidate, it is 
true, aie consulted as far as practicable, but 
those who are lowest on the list necessarily 
receive the appointments that their better-placed 
rivals have passed over. 

Nationality of Candidates. For ])osta 
in the national service it is oascntial, as already 
mentioned, that candidates should be “ natural- 
born British subjects.” This definition includes 
any ])crson bom in his Majesty’s dominions, 
even though his or her parents may both 
have been lawful subjects of a foreign state. 
Concerning naturalised aliens and candidates 
born abroad, the following announcement is 
made by the re.spon8ible department “A 
person born -in a foreign country who can prove 
that his father or his paternal grandfather was 
born in British dominions is, it not expatriated 
under the Naturalisation Act of 1870. a natural- 
born British^ubjeet.” For (‘ortain j)Osts abroad, 
such a candidate needs the permission of the 
Foreign Secretary. Naturalised aliens can com- 
pete lor Horne Civil Service appoint rnents. 

Apart from a few'sfieciaJ re([uii'('inents of the 
(^ivil Service Commissioners, to be explained here- 
after ns occasion arises, the whole range of study 
requisite tor the various examinations is covered 
by the courses of iiislniction given in the 
Sbo’-Educator. Th(» ifonsideration of examina- 
tion subjects need not therefore detain us now. 
But before passing to a detailed discussion of 
the several grades of appointment, space may 
be found for a few general hints — the outcome 
of pei*sonal experience — oiv preparing for these 
competitions. 

It is es8t»ntial, in the first pLacfs, to realise that 
they are competitions, and that tll6 task awaiting 
the candidate is not merely to do well in the 
subjects prescribed, but to do better than the 
great majority of his rivals. A single mark more 
or loss may mean sviece^ or failure, and os the 
time allowed for Civil Service examination 
papers is seldom really adequate, the student 
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must acquire by constant ()ractice the habit of 
expressing himself tersely, pithily, and to the 
point. Civil Service competitions, in fact, arc 
severe tests— not only of knowledge, but of 
ability to marshal tliat knowledge* j)romptl 3 ' in 
orderly aequenec. The man who cannot say 
what he means w'lthout nni<*h writing and m- 
writing, like that other type of < an<1khitc whoso 
full knowledge of his Mihj(‘i-t leads him to reply 
at too great lengtii, eamiot do hiinsolf justice 
until much hard dis<'i|)linc has prunf‘d and 
‘clarified his Ii.ii)its of thongld. 

In the actual conlcj-l thn traini?»g will 
enable him to deal u ith as mueli of (*nc]i f).iper as 
his knowledge ol it.*- sulijeet matter allows, and 
thus to secure u!* many marks tor it a^ poss-ible. 
Neglect of such a jrree.iution leads candidates 
into wordv, tt'diou" rcjilie*^, unfinished papers, 
and, as a result, a distressing ln'causi* irmhIIcss 
lo^s of marks 

For tlii^ s.rme rea.‘-on. a {-pi'isly, n<‘at, legible 
hand must he cultivated ; and as handwiiting 
is fri*<piently an (*\amination mbjeet in itself, 
carrying high inaiks, the particular .•^lyle of pen- 
manship prcteiTcd by the Commis.'-ioners should 
bo adopted. 1’his i-* a (‘h'ar, running h<ind, 
^lightIy sloped, and wholly trer* Ir’om llounshes. 
with rounded eiuvivs, *^m.dl capitals, and stiort 
loops and tail*, to the letters 

The Value of Past Papers. An 

imrnenso amount of eli'ort is uselessly expended 
by Civil Service students e\ery >a‘ar tor lack 
of a pcrh'ctly simple prei.rution Tlu*y fail to 
aseeilain the precise Mopc of the (‘\aiumation 
for w hi(‘h they are piejiaring, and consisjiiciitly 
either waste precious time over features of th(‘ir 
work to which ex.iminers attach no importance, 
or else discover in the (‘xaminaf ion room that 
they have underestimated the knowledge ex- 
pected of them. 

Either error might h.i\e been avoided by a 
I’areful study ol the papers set in prior contests 
of the same nature. Indeed, it is diflienlt to 
overestimate the* ad\ ant ages of that eoursi*. 
Ily a comparison of seveiMl sets of old pajrci-s 
the character of the test can he gauged to a 
nicety, and the wRirk of jiroparalion gri'atly 
S'impiilied. The (| nest ion te-ts may also be 
ernployeil for the pnrpost* of piaetiee ex- 
aminations " “C, lined out, as far a.s jiossible, 
under actual eonditidiis, and with special 
regard for the time oflieiully allotted for each 
t>aper. In tiiis way, as in no other, the student 
can tamiliarise himself witli the trial that awaits 
him 111 the examination room. Further, the 
majority of the .‘•ets of questions published by 
the Commissioners contain tables showing tho 
marks of sueecssful and uiisuoeossful competitors 
in each subject, and thus alTord a useful measure 
of the training nco<\s.‘-’ary in order to succeed. 
y For all these reasons candidates are strongly 
urged to lay hands on all available pa|K 3 rs of 
recent date for the grade they have in view, and 
to study them with the greatest care. A li.st 
of lately published sets of examination questions, 
showing tho price of each, will always be supplied 
gratis on application to the Civil Service Com- 
Burlingfcqn Cardens, Loudon, W. Any 


sot required — if in print— may bo purohas^, 
either directly or through any bookseller, from 
the official agents — Mcfisrs. Wyman & Sons, 
Limited, Fetter Lane, E.C. ; H.M. Stationery 
Office, Forth Street, Edinburgh ; and Mr. E. 
Ponfspnby, 116, Grafton vStreet, Dublin. ’ ^ 

First Class Clerkships. With tho ex- 
ception of diplomatic posts, which are practically 
n^.strioted to men of good family and social 
standing, first-class clerkships arc undoubtedly 
tho most attractive apjiointments that the 
national service has to olTer. They constitute 
the upper section of tho general clerical staff in 
the various Government departments, and are 
characterised by responsible but not arduous 
duties, assured })osiiion, libiTal inevenumts, and 
a certain prospect of at least £800 to £1000 a 
year. Nor is tliis all. JVomotions arc freely 
made from their ranks fo still more desirable 
office.-:, including the highest dignities and most 
liberal incomes enjriyed by permanent otTii^ers of 
tile State. 

Salaries Nominal and Actual. Let us 

consider, first, the assaired value of (.’lass 1. 
appointments in lliemsidves. These vary some- 
what in difierent offices, ' lait arc genmally 
ela.ssificd in tlireo grades, advaneement being 
made from one to the ii(‘xt a.s vaeancic.s arise. 

In a few departinent.s notably the Treasury — 
(ho maximum attainable without jiromotion 
is a.s high as £1200 a year ; but with these ex- 
ceptions the scale of salaries prescribed does not 
exc(‘ed the following: 

Thii*d (Ma.ss, £2(.M), advancing i’20 yearly to 
£500. 

Second (.‘lass, t(i00, bv £25 to £K00. 

h’irst (‘lass, £850, by £50 to £1000. 

The n'lniineraticm for many of tlie |)osts olT(*rod 
is fixed on a le.ss liberal basis. Beginning at 
£150, it rises bj" £15 jR'arly to £200, thence by 
£20 to £500 or more, and afterwards by £25 
to £8(K) or £000. 

Gwing, however, to the sj)(‘cial r'lnoluments 
and libi*ral o[)portunities of promotion enjoyed 
by thest* clerks, tlie above rates by no means 
repreK(‘nt thi? real value of (‘lass 1. appointment.s. 
Many juniors are a.p[)ointed as private secretarie.s 
to the princi|)al officers, with extra remuneration 
of from £50 to £300 a year, and move senior 
members an* eligible for departmental secretary- . 
ships and other leading .staff positions at various 
rates between £J0Q0 and £1800 a year. As a 
result, advancement is so brisk that the official 
scales of salary already quoted are, in jiractice, 
only minimum rates, and generally prove little , 
morc^ than nominal. : ; 

Examples of Promotion. »Such an 
assertion is best proved by actual illustration. 
The following instances will serve to establish 
the point. A succo8!Hful corn^a^titor who entercxl . 
the Inland Revenue Department, with an ; 
initial salary of £150 and a £15 increment, ^ 
received within a year a private secretaryship ; 
at an extra £50 yearly, and later another wortn 
£100. After less than nine years’ service he. 
became a principal clerk at £600 rising to £700V.‘ : 
when his stipend according to the official scale • 
would . have been £270^.A colleague in the . 



iati^ otfice was eveti more Buocossful* ottaming 
bh’elCank of {Hdbioipal clerk after only six years* 
[n another instance known to the writer a clerk 
>f‘ two years’ standing was advanced in salary^ 
^rom £150 to £350. 

Of the posts attainable by senior officials, 

S few ' cases •among many must suffice. The 
present Chairman of the Prison Commission 
mt^rod as a Class 1. clerk in 1881 ; he long ago 
3.ttained £1800 a year, and has had a K.C.B. 
3onfc*rred on him for his services. Another 
officer, after some twenty years’ service, became 
Chairman of the Board of Inland Revenue, 
wdth a salary of £2000. Other highly placet! 
affioials who entered by the same means include 
the Assistant JiJecretary of the Treasury (earning 
£1500 a year), a »Seoretary to the India Offices 
and the Director of Admiralty Stores, each 
receiving the salary of £1200, and at least three 
Assistant lender- Secretaries of State at the same 
remuneration. 

The Age Limits. Class T. clerkships, 
as well as (Vylon cadotahips and appointments 
in the Indian Civil Service [see Imperial Service], 
are awarded on the results of a joint op(‘n 
coin yietit ion held in August of each year. Can- 
didate's who are eligible may enter simultane- 
ously for all three classes of appointment on 
payni(‘iit of a singles fee ; and, if successful, are 
allowed, according to their position on the com- 
bim*d list, to select which service they will enter. 

C^ompetitors for the posts under discussion 
must be between 22 and 24 y(*ara of ag(* on the 
1st August of the year in which they outer, but 
are entitled to deduct from tlu'ir actual age any 
time spent in the naval or military service. A 
further and valuable provision enables those who 
have been for two years or more in the national 
Civil Service to deduct in the same way the time 
so employed, up to a maximum of five years. 
Subordinate members arc thus generally entitled 
to compote until the age of 29 years. 

The Examination Subjects. The ex- 
amination subjects and the .maximum marks 
assigned to each are as follows : 

Mathematics and advancod mathematics, 
1200 each. Sanscrit and Arabic, 800 each. 
English, French, Italian, Cerman, logic and 
psychology, moral philosophy, political economy, 
and the following branches of natural science -- 
chemistry, physics, geology, botany, zoology, 
and animal physiology— GOO each. 

Englisli composition, (ircck history, Roman 
hSbtOry, general modem history, political science, 
i Roman law, and English law, 500 each. 

English history (i.) to 1485 ; (ii.) 1485 to 1848, 
400 each. Greek : translation and composition, 
400 each ; and literature, 300. Latin, in similar 
> divisions, corresponding marks. 

Candidates may not offer more than four 
^tiatural sciences, and those who select Latin or 
Greek must take up translation, and at least one 
6ther division of the subject. To hinder mere 
^ stnatterers ” from succeeding by sheer multi- 
j^plioity of papers, a deduction may be made from 
marks gained in each branch. There is also 
fk ptovision that a onmpetitort* papers shall not 
icarry a greater total maximum, than 6000 marks. 
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Its effect is to limit each student to some ten 
subjects, or twelve at most. 

Choice of Subjects. With these re- 
strictions, any of the branches named in our list 
may be taken, none being obligatory. The 
choice thus afforded is a very wide one ; and, as 
tlie examination standard in each subject is very 
severe, it is imperative that a careful selection 
should be made at the outset of the course of 
study. In practice, it is found that successful 
contestants who are not brilliant mathematicians 
usually take up classics or modem languages as 
a mainstay, with liistory and law or moral 
sciences as supplementary mark-getters, the 
natural sciences being seldom taken seriously. 
Until ree(»ntly, indeed, classics were n»garded as 
almost essential to success, but the waning 
importam*o of this branch of a liberal education 
is already retied ed in the (lass 1. pass-lists. 
High marks in English subjects, mathematics, 
and either natural sciences or three modern 
language's, now frequently secure a good place, 
though the majority of succossful candidates 
still take the classical subjects. 

From 20 to 30 vacancies in the home service 
are usually lilled by competition each year, but 
occasionally the number lises to 50 or 60. At the 
joint examination, some 2tK) to 220 candidates sit 
each year. Of these, the gnvat rnajotity comiicto 
for the home as well as the foreign service, 
deciding afterwards, if successful, which branch 
they will outer. Badly placed candidates often 
prefer an Eastern i>o8t to indifferent offices in 
the home service; but those who stand high 
enough to seeiin' a good choice of departments 
generally select the eareiT afforded by a Class I. 
apj>ointment. These fads are strikingly illus- 
t.ratcd by the latest report of the Civil Service 
Commissioners, which shows that 108 in a total 
of 216 contestants entered for Class I. clerkships, 
and, of the first 1 1 successful competitors on the 
combined list, no fewer than 8 accepted these 
appointments in jireference to ])osts in the East. 

University Prizes. When wo consider 
the keen competition for these positions, the 
large number of subjects essential for success, 
and the st'arching character of each pa})er, a doubt 
arises as to wheth(‘r (’lass 1. clerkships are within 
the scope of any jirivate student, or of a subor- 
dinate civilian who has only his evenings free for 
study. The doubt is more than justified, ojike 
by personal knowledge of the many hard-, 
working minor officials who have striven vainly 
for these jiosts, and by the published results of 
recent competitions. The men taking high 
places on the list have come from the honours 
schools of the sister universities, in many 
instances with a post-graduate course of some 
months in a “ crammer’s shop ” just before the . 
examination. Only a single post during the post 
two yc'ars has been won by a candidate who 
had not had the advantage of a college training. 
Reluctantly we are driven to admit that, unless 
when some intellectual marvel is the exception 
that proves the rule, those valuable appcintjnents 
are practically close coverts for the brilliant 
men of the univoi^ities, and especially of Oxford 
and Cambridge. ERNEST A. CARR 
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Herbert Spencer’s Notabte Contributions to Biology. The 
Continuous Adjustment of Life., The Law of Recapitulation. 

THE WORK OF HERBERT SPENCER 


L amaiw^k wan in advfince of his time, and 
failed to ron\'irK‘(i the world. Hnt t lte fren- 
niindcd thinkers of the first half of the nineteenth 
century nuinbcnMi a few who kept on wondering 
whether the theory of transformism ” might 
not be triu‘. The idea that accidental fitn(*ss 
would f'nsiire survival, and that, thus there 
might he a process of “ natural selection," wa.s 
a helpful one. It independently occurred to 
several students. Of th('^(‘ by far. the greatest 
was (!harles Darwin, whom we must later study. 
Alfred Russel Wallace was another. Earlier 
writers arc (juoted }>y Darwifi in his historical 
sketch iTi tlic " Origin of Species." 

The Gradual Recognition of Spencer. 

Lamarek liim.s(‘lf had not thought of the 
j)rinej])le of selection, clearly because he wa.s 
eonecriujd with finding some pitmtlre explanation 
of the prodnetion of new' huans, and in sueh a 
search a thinkca* so prof mind as Lamarek would 
not he led aside to a tlieory w hich only explains 
the destruction of tlui least>adap(ed. Similarly 
the idea of Kclcetioii w as ahsemt from the teaching 
of Iferbort Spencer, the only |)hilosophi(*al 
tliiidicr worthy to nain(‘ in biology between 
l.<amarek and Bergson. 

The immense and liiidiie emphasis hud on 
natural selection in Herbert St)enc«T's own couiitiy 
has long led to his comparative negl(*ct her<\ It 
was generally thought that he, like Lamarek, had 
missed tlu.^ great clue which Darwin -and. as we 
now know, many others^ had found. Rut the 
modern eritieisms of such authors as Driesch 
and Bergson have now' profoundly altered our 
estimate of the valiu' of nat uraf selection — to 
say nothing of the new cstimati^ which must 
follow from the experiments of the ^reiidelians 
alone ; and w'e may begin to apjjraisc HerlHWl 
Spencer more justly. 

He was somew hat in the position now occupied 
by Bergson. 'Lhe actual biologists resented his 
incursion into (heir Held. To them he was mendy 
a word-sjuiming philosopher, writing at second- 
hand of things which they were actually stinly- 
ing. The i)hysiologists and les.s jihilosophieal 
biologists st>oak in exactly tlie same way of 
fiergson toilay. But already wo all think in 
Silencer’s terms, and use his ideas continually, 
though many of us may be unaware of the 
source of our principles. 

Spencer’s Rejection of “ Special 
Creation.” In the ’forties and 'fifties of the 
last century Spencer was writing essays which 
dealt wdth various a.spects of what, in 1857, he 
decided to call evolution. He used this w'ord 
becauHO he had seen that “ progress," a term 
■which he had formerly employed, was inade(tUcite. 
Retrogression and degeneracy may be and often 


are part of the process of ordered change which 
he called evolution ; and those today who use 
the w'ord evolution as if it meant progre^ ">nd 
a ppeal to it as a beneficent, power which d aVs not 
need our help, are missing the whole reason for 
which the word was given its prosciit meaning. 

Sjxuicer found the accepted theory of “ special 
creation " incredible. The only conceivable 
alternative is " transformism," " development^’ 
or " evolution " of living species, which Spencer 
ahvays saw and conceived of as jiart of a universal 
}»rocess. Thus there art^ stellar and atomic evolu- 
tion ; and tlial w'hich here eoncerns us is organic 
evolution. But wdiat of " mind " ? Is organic 
evolution to deal merely with organisms, as the 
term would suggest, and to ignore the mind, as 
orthodox biology still does ; or are we to look 
iil>on the evolution of mind as going along with 
the evolution of the mal(‘rial struct ur(‘S w'c call 
living organisms ? For Spencer there could be 
but one answer ; indeed, Ik* w rote upon the 
evolution of the mintl before lu* attacked the 
more general problem. 

“The Principles of Psychology.” Wo 

must honour his name as that of the first thinker 
who saw that mind must be studied in all its 
rNanifestation.s, and not merely as found in the 
case of the particular jihilosophr*!* who is con- 
sidering it. T’o Herbert Spencer we ow'e the 
modern idea of psychology, which pervades all 
our thought and all our research everywdiero — 
that the philosopher must not merely study 
mind as a tinishcfl, fixed, constant thing, existing 
in hiruvsclf, but. must look at and compare ail 
the kinds and manifestations of mind that can be 
seen in the living ^Yorld. We must study not 
merely the miner of adult Caucasian man — and 
his only when of the particular typts found in 
abstract thinkers - -but also the minds of women, 
of artists as w'cll as thinkers, of savages as well as 
civilised man, of children as well as adults, and 
of animals to boot. Such familiar ideas, which 
are unquestionably sound, w’o owe to Spencer, 
and his " Principles of Psychology," first 
publishcjd in 1855, will ahvays be a classic accord- 
ingly. Today we study mind evolutionall^y/*' 
because he taught us to do so. 

Triumph of the Spenserian Methods. 

We send expeditions to study the minds of ’ 
savages. We devote endless labour to the study 
of children, who give us stages in the growth of , 
that living, dynamic, moving, evolutionary v 
thing, the human mind ; though no nhilosophet; 
before Herbert Spencer had thougnt such a" 
thing consonant with his dignity. Nay, more, 
such naturalists as Mr. Ernest Thompson Setpii’ 
are studying the minds of animals, and many 
botanists are looking for, and finding, evidence. 


EMBRACINa BIOLOGY, PSYCHOLOGY, SOdOLOGY, EUGENICS, THOUGHT 



anoup ti-.Lipe ANb mind 


of what can only be called beJ^iviour in plants. 
The Spencerian view of mind and the way in 
which it must be studied have entirely triumphed. 
As we have said elsewhere, “ He was the first 
man to realise effectively that mind has a 
history.” 

The Suggested Evolution of the Eye. 

The most notable instance has to do with one of 
the noblest and most valuable of senses, vision. 
Following the outlined theory of a f emote ])rcdc- 
cessor, Herbert Spencer argued in a fashion which 
Professor Tyndall, on a famous occasion, thus 
rendered : 

“ In the lowest organisms wo have a kind of 
tactual seiiso diifused over the entire bmly ; 
then, through impressions from without and 
their corresponding adjustments, special portions 
of the surface become more responsive to stimuli 
than others. The senses are nascent, the basis of 
all of them being that simple tactual sense which 
the sage Democritus recognised 23(X1 years ago 
. as their common progenitor. The action of liglit , 
in ilie first inslanc*e, appears to be a mere dis- 
turbaiiee of the (dicniioal processes in the animal 
organism. By degrees the action Ixjcomes localised 
in a few pigmejit-(?ells, more sensitive to light 
than the surrounding tissue. The eye is here 
incipient. At first it is merely capable of 
revealing dilTeronees of light and shade produced 
by bodies close at hand. Followed as the inter- 
oc])tion of the light is in almost all cases by the 
contact of tlui closely adjacent opaque body, 
sight in this condition becomes a kind of antica- 
f>atory touch. The adjustment continues ; a 
slight bulging out of the epidermis over the 
pigment granules supervenes. A hais is incipient, 
and, througli the operation of infinite adjustments 
at length reaches tlie perfection that it dis]>lay8 
in the hawk and eagle. So of the other senses, 
they art' sj)ecial differentiations of a iissuc which 
was originaily vaguely sensitive all over.” 

Life’s Replies to Nature’s Problems. 
Here is an e])och - making statenu'iit. It 
boldly oilers the view, monstrous if not bla.s- 
[dicmous when it was first promulgated, that 
the eye and the sense of vision were not specially 
cn'ated as we know .hem, but are evolutionary 
jModucts : and it suggests the stages through 
which their evolution has proceeded. But w'c 
must bewar(\ The unwaiy iiuiy read, liavi^ 
often re^ad, such a passage, aiul hav<^ sii[)posed 
tliat it contains an explanation of tlie evolution 
of thee^ eaiid of vision. It contains nothing of 
the sort. It olfer.s, for the first time in modern 
thought, a true description of the historical 
facts, as distinguished fiom the false deseription 
involved in the theory of special creation. 
..But when we attempt to value the meaning of 
* the words wo employ — which is an essential 
business in any real thinking, as Bacon pointi^l 
out long ago — wc see that e.vplanatioiis of 
evolution are still to seek. “ Adjustments ” are 
made, we have said. But how, and by what ? 

That this is no mechanical business wc learn 
when we see 'that similar eyes have been formed 
along wholly divergent lines of evolution. 
Further, Bergson has taught us that the succes- 
^ give adaptations involved in the eyoliition of the 


eye arc not more mechaiiicui cchoc^s or n'pcjti- 
tions of the environment, but arc replies made to 
problems put. Each new structure such as the 
eye means a probl<‘m solved. But whut mak^'S 
the replies, wdiat s()lvi\s the problems posed by 
inorganic Nature ? The only possible r(‘i)ly is 
Lffe, and wo merely fool onr.m‘Ives if we supiioso 
that wc arc not now thinking of something 
i>sychical. 

Herbert Spencer, of course, faced this ultimate 
problem of all biology- the nature of life, h is 
curious to observe bow constantly men of 
scieuc<» discuss the problems of evolution without 
realising iliat this is the problem which underlies 
them all. It is life that evolves, and ac(H)rding 
to our theory of Iif(‘ will our th(‘ory of evolution 
be. It is customary to i^all Herbert Sj)cncer a ma- 
terialist, though indeed, liktJ all men of science, 
lu‘ did no more than rec(>gnise and hont stly insist, 
upon the juaterial and mechanical element in 
life. But he was n<)t a materialist in the only 
legitimate sense of the word, whicth means a 
man who b(fiicvc.s that mind is the ])roduct of 
matter, the soid the product of the' body. S[)cnc(‘r 
has given us two contributions to this subject, 
each nott'worthy and memorable. 

The Continuous Adjustment of Life. 
First, there is his famous j>hrase that ” Tafe is 
tlu; continuous adjustiticnt of internal to external 
relations.” No words eoidd more accvirately 
describe the behaviour of the living organism. 
Its parts are in a highly coinple.v s(*ri('s of rela- 
tions to each other, and “ to live is to change.” 
At ev(‘ry moment there is a continuous modifica- 
tion of the living organism and the relations of 
its parts, in rt‘8])ons(^ to the ever-changing 
eiivironnuril. Physiology is concerned from 
first to last with the study of this “ continuous 
adjustment.” On the whole, also, we may 
recognise in tliis description something \^’hicb 
dislingui.shes living from lifeless objects. When, 
for instance, a living being dies, its (3orpse is 
modified by the environment, is acted upon by 
the <mvironment ; but what has ceased is its' 
adjustment of itself and its internal relations 
to the' eaivironment, in ordeT that it may live. 

But those, w'ere wrong who supposed that 
Spencer had given us in this phrase a. definition 
of the nature of life*. As we have pointed out 
else^whero, his *i>hrase» really requires a too 
significant addition. We? should have to say that 
Life is the continuous adjustment of inner tp 
outer relations by Life ; and then see that our ^ 
description of Life’s procedure is not a definition’ 
of Life. Spencer knew this well. He pointed out 
that Life di.splays itself in matter, the ultimate 
nature of which ho desedbed as “ Unknowable.” 
Life, therefore, he concludes, must be and is 
doubly unknowable. So much for the accusation 
that ho was a materialist. 

Spencer a Lamarckian. But he certainly 
was a Lamarckian, and he is all the more signifi- 
cant for us today in that he was. From tho first 
to tho last, though accepting and utilising tho 
theory of natural selection, which he elucidated 
further by calling it “ tho survival of tho fittest,” 
Spencer maintained that infftionces playing upon 
parents affect their offspriixg, and that tho great, 
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central fact of adaptation may be in part thus 
e^laincd. He assorted, with Lamarck before 
him, and in agreement with Darwin himself, 
that not merely natural selection can account 
for the adaptation or fitness of organic Ix'ings 
to their environment. He declared what, in this 
country, for several decades, has been looted 
upon as a heresy — that natural selection is resa 
important than “ the transmission of acquired 
characters ” as a cause and explanation of 
a/laptation. 

Many and notable were the passages-at-arms 
between, for instance, Herbert Spencer and 
August Weismann on this point. Spencer dechired 
the Ciirtainty of his conviction in the assertion 
that either there has heem IransnuMsion of acquired 
characters, or there lias bei^n no evolution. He*, the 
apostle of evolution, who assertesl its pre‘8ence in 
all the facts eif the Universe, could say nothing 
stronger t han that. In his o\^Tl country, thanks to 
the inlluenec of the* folleiwers of Darwin, the verdict 
we'iit against him ; but the Lamarckian theeiry 
always had notable chain [liona in the United 
States, as, for instance, in Uop<*, wlio mote a 
boe)k with the p(*rtin(*nt title, The Origin of th<^ 
Fittest ” ; anel in France, ewer since tlie fact eif 
organic evolution was aeeejitc'el. the Lamarckian 
the*ory of the preioess has been geiu'rally accepted. 

The Lrimitations of Mendelism. The 


Lamatckian, an4 he Is Svingf long enough, "iiB 
‘ Spencer did not, Jo find A hearing for this view 
again, even outside France. 

The fact pf recapitulation is impossible fio 
explain, so far aa we can see, except bn the- 
ground of “ inherited memory,” or some such 
theoiy. It can be of no advantage to the^‘in« 
dividual, can have no survival- value, and 
therefore in no way to be explained by the 
^Darwinian Hieory of selection and survival of 
the fittest. On the contrary, many conse-" 
quencos of the law of recapitulation are the 
very n>vcrso of advantageous. Many a man dies 
of asphyxia because his food, in reaching the 
'gullet, has to bo thrown perilously across the 
opening that leads to the lungs. Jf Life had had, 
so to say, a fair start and a ch'an slate, it would 
never have made such an arrangement. The 
only explanation of it is that the lungs are 
evolved from the swim- bladder of a primitive 
fish, the opening of which lay, in the fish, below 
the oi>ening of the gullet. That this arrangement, 
long irrelevant to our upright and air-breathing 
race's needs, should be repeated in the history of 
every human individual, can only be ex])lained 
by the view that Life ‘ remembers,” so to say, 
not m(T(‘ly throughout the history of the in- 
dividual, but also from generation to generation. 
Such a view is essentially Lamareki.iii, 


great now (re-)discovery of our time, in the field of 
lierc'dity, is Mendelism, and so great arc its 
triumiihs that we may easily be led to attribute 
to it an vUimaie significance which it does not 
possess. That is an (*ri‘or not shared by Pro- 
fessor Bateson, the living l(*ader of the IVIendelian 
school, in his recently published ” Problems of 
Genetics,” or in his previous works. lie knows, 
and we, before we study Mendelism, may note, 
that Mendel’s law does n(»t account, in any 
degret^ at all, for adaptation. It tells us how 
certain charactei's art* transmitted, with a degree 
of prophetic accuracy unknown hitherto ; but 
it also shows that many of these ” Mendel ian 
‘^characters ” have nothing to do with adaptation, 
and, indeed, there is no fact of adajitation which 
Mendelism so much as begins to explain. Yet 
adaptation is the central fact of the living world, 
and is the very heart of the problem of evolution, 
f riven the myriad exquisite adaptations dis- 
played by living beings, and ckmying that God 
made them as such, science must find a theory 
of (*volution which explains them. Certainly 
'‘‘natural selection d()t‘s not, as wi* shall see, and 
•certainly Mendelism docs not, as we now loam 
in anticipation from Piofessor Bateson himself. 
We must go back to Lamarck in our difficulty, 
and to Herlxnt Sjjenijor, who kejit the La- 
marckian flag Hying even in our own century. 

The Law of Recapitulation. Spencer 
took ovtT from Von Baer, and used with effect, 
the famous law of ri‘e*i])itulatioii, which asserts 
that, in developinent, each individual passes 
through stagi*s wliich correspond to the JuBtory 
wOf its yace. This law has also been very largely 
fuaad And illustrated by Professor Haeekeh of 
i' Jefia, notir the last survivor of the early days of 


It is not necessary here to note* the various 
minor contributions of Spenet'r to biology. It 
is iixough for our purpose to not(* that this 
country produced an evolutionary thinker who 
ttci'cpted and elaborated the views of Lamarck 
before Darwin’s work, to which we must next 
proceed, was gi\en to the world. 

The Range of Spencer’s View. Spen- 
cer’s view of evolution was not limited to any one 
school. He accepted Lamarck, and hi* acei'pted 
Darwin. Today, whi'ii we realise. how little we. 
know of the how of thi* evolutionary jiroeess, we^ 
may be grateful for all fhe help that each of those 
studi'iits may afford ns, and for Mendelism, too. 
We need them all and more— niiieh mon*. At 
the same time, Spencer taught that only the 
manifestations of life eome within the range of 
our intelligence, whill* that which is manifested 
lies beyond it.” In such a statement wo find 
grounds for a view of organic evolution which 
recognises purpose, internal, vital direction , 
within it, due to Life itself— the view of Driesek' 
and Bergson. 

The Jewish thinker has very severely criticised, 
at the end of his “ Creative Evolution,” what 
he calls ” the false evolutionism of Sjxmcer.” 
But it may bo doubted whether he Ims done 
justice to the Englishman, whose works are 
certainly voluminous and not easy reading even , 
for English afudents. All who write in Fremch* 
are, in the first place, indebted to Hpencer foi[> 
his ohanipionship of Lamarck, and it is certain"^ 
that but for the English thinker wo could not^’ 
have had the Creative Evolution.” It waa>^ 
Spencer’s magnificent, comprehensive, and coutS^ 
ageous survey of the facts .of the living tirorld'4 
which onabl^ his successor to plough 


or||anio evolutionary theory. Haeckel also * ^ Ihier crop. ^ 

ugroeA in being a convinced ^ ^ 
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Modern Developments of an Old Invention. What the Card Index is. 
Adaptability of the System. Records In the Sales Department. 

THE CARD INDEX IN BUSINESS 


I F the question wore^to be asked of a number 
of commercial men : What invention has 
proved of the greatest benefit^ to business 
generally ? ” it is quitch likely that the answer 
most generally given would not be the telephone 
or the telegraph or the typcnvriter, useful though 
these things are. The most [irobabk* ri*])ly from 
nine out of (^very ten business men would be, 
“ The card index.” 

Of course, any sucJi general question is 
extremely dilhcult to answer, and the inventions 
already rc‘f erred to, with a score of others, hav(^ 
been of such inestimable advantage to business 
tliat. it is impossible to make distinetiona save in 
a very arbitrary way, or to say that this one or 
that one has provi^d more valuable than fill the 
otlu^rs. It is e(‘r(»ainly true, however, that the 
invtmtion of the card index has Avork(‘d a complete 
revolution in many d<'f)artm(‘nts of busines.s, 
and has made it jiossibk' now to n'coixl and 
analyses r<*turns in a way that' was pnwiously 
quite impossible. In fact, now that, we have the 
card index with us, and use it in almost ev^ory 
department of a great* business, it seems remark- 
able that, the .system did not come into general 
use at least a ct'ntury earlier. 

Advantage of the Card Index System. 
Its advantage.s over the old, clumsy books, 
from the point of view of sim])licity, ease of 
handling, and accuracy with which details, can 
be recorded, needs no einphasi.s lu.Te, and the 
time' and trouble saved in the opc'iiing of new 
books when the old ones were filled ii|j as in the 
ctise of ledgers, address books, and so on — has 
put pounds into the colfer.s of bu.sines.s houses. 

The Card System not New. The card in- 
dc^x system is generally looked upon as something 
vorv modern, and, indeed, it is, so far as its 
widespread application to commercial life and 
procedure is concerned ; but, as a matter of fact, 
the system was used in a more or less simple way 
over a century ago. 80 far back as the end of 
the (‘ighteenth century a Fremdimaii named 
Pozier- -an ecclesiastical official -—is said to hav<^ 
used loose cards in compiling an index to the 
bv oks 01 the Academy of Hcienee in Paris. 
Thtu’c is little recorded beyond the fact, but 
AbbiS Hozier is usually regarded as the inventor 
of the eard index system, and his name should 
certainly bo hold in honour, for by inventing 
this system he reduced in an almost indefinite 
degree the time and labour which would otherwise 
be involved in libraries, i)usiness houses, and 
other places where long lists of books or names 
and addresses or statistics have to bo kept. 

Modern Developments* But although it 
is to a Frenchman that we owe the original 
invention of this wonderful and useful system, 


it IS really to our American cousins that we owe 
its development on seientitic lines, so that it is 
now available for every kind of record work. 
Its great beauty lies in its adaptability. It 
first came into general use for cataloguing 
library books, but keen ol>s(»rvcrs wen^ quick to 
see it 5 po.ssibiliti(>s in the business world, and 
it was not long before clever commercial men 
with scientific minds had set to work to devise 
method.^ of applying it to every department of 
busin(‘ss life. Its value wa.s so obvious that it 
quickly came into use in all up-to-date and 
go-alioad linns, and actually gave rise to a new 
in<lu.stry, the provision of office furniture on 
labour-saving lines. Special drawers and bureaus 
to hold the cards were cjuiokly followed by more 
elaborate filing cabinets for every kind of 
document, and now in London and other large 
commercial centres thiTe art> many businesses 
supjilying office nHpiisit(‘S of this and other 
kinds to business firms. It is out of the carti 
index that all the mod,ern methods of liling havi^ 
arisen, ami they are really nothing more than 
adaptation.s and elaborations of the card system. 

Statistics at a Glance. The card index ’ 
not only ( nables lists of names and addresses, 
estimatt‘s, purchases, sak's, and so on to he 
kept in such a way that the lists can alway.s be 
iidded to in correct alphabetical, numerical, or 
any other order, but it also enables records such 
as tliose of sakis, for instance, to fie analystal 
and examined, and the relative value of the 
figures to be seem and appreciated in a way that 
was impossible under the old fiook .system. Even 
with a large staff working to prejmre returns, 
it would have Iwon impo.^sibIe und(T tlie old 
system to have seen so clearly from hook records 
what is e\’ident at a glance from th(^ work of a 
single clerk on the card system. For all such 
work as clas.sifying miscellaneous information 
and figure.^, grouping together fads of the same 
kind, and .so on, work that must now l>e done in 
all railway offices, banks, gas and water offices, 
and mercantile <H>ncerns, th<' eard index is 
iudispensabk\ Even a small retailor woul 4 
save himself endless trouble and time if he were 
to use the system for his bookkeeping records. 

What the Card Index is. The card index 
is really a system in which cards of a convenient 
shape are used, instead^of the pages of a book. 
A separate card is used for each name or firm 
whose address or record is to be kept, and as tho 
carets are loose and can bo easily removed, new 
names and records can be inserts in a moment 
in their proper alphabetical or numerical order, 
and any dead names or information that is no 
longer wanted can be removed by taking out of 
the drawer the card or cards containing it. 
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Adaptability of the 8yatem» The card 
index enables a list of names or facts or figures 
to be arranged alphabetically, numerically, 
geographically, chronologically, or in any other 
order, and a single set of cards, by means of 
cross references, may embrace all these arrange- 
ments in one system. Various standard w^s 
of working the card index are in vogue, butms 
utility is not confined to these, and any business 
of a peculiar nature for which ordinary office 
methods are not available or practicable can 
always adapt the card ind('X to its requiremtmts. 
New ways of using it are constantly being found 
out, and without a knowledge of its advaiitages 
no man can i)osHibly hoi)c to take high rank in 
the business world. 

The Simplest Form of Card Index, Tn 

its simplest form, the system is as its name implies 
just a card ind(*x - a list of names or title.s or 
articles in which each name oeeiipies a single 
card. The cards an* thc‘n arranged in a drawer 
or drawers according to alphabetical or any 
other desired order, and as fresh names need to 
be coclded to the list, these, as already explained, 
are written on new cards, and the cards inserted 
in th«ir correct jdares. The index is thus avail- 
able for all time and never needs remaking, as 
in the copying out of namc« from an old into a 
new book, wlum the tormci* has b(‘come filled anfl 
the lists are disarrang(*d owing to nanu's having 
been put in out of al|)habetieal order. The cards 
can be bought very eh(‘a [il y, and they are kept in 
place in the drawer by m(‘ans of a long rod 
that runs through the perforations at the foot 
of each card, and is fastened by a screw at the 
front of th(^ drawer. 

For eas(* and convenience in consulting, index 
guides are placed at intervals, with tabs project- 
ing above the cards, bearing the initial letter of 
each section. These tabs on the guidt'-eards are 
arranged further to the right in successive guide- 
cards, 80 that one shall not interfere with or be 
obscured by another. Thus the fii*st guide-card 
would bo for-“ A,” and the tab would be to the 
extreme left ; the next would be “ B,” and the 
tab jvould be in tlm middle of the card ; while 
the next would be and' would have its tab 
at the right of the card. Then “ D ” would be at 
the left, “ E ” in the middle, and .so the changes 
would be rung iij) to “ Z.** Of cour.se, if desired, 
there could be four positions for the tabs, and 
lh(' guide-gards could be even more divided, 
thus: “Aa to Ah,” ‘"Ai to Al,” “Am to Az,” 
“Ba to Be,” and so on. 

Division of Labour. Apart from its 
elasticity and its never-failing alphabetic 
sequence, another advantage of the card index 
over the okl book sysfoin is that in case the 
names and addresses and facts have to be copied 
out, as when envelopes are addressed, they can 
ba divided up among a number of clerks, whereas 
a book can be used by only one man at a time. 

' a mere list of names and addresses 

oan^te made extremely useful by the additiem 
to^the cards of much valuable infoTmation,,s^^ 
for instance, telephone numbers, tele^^phlo 
addlresBQjSi|.>he cable code used, and so on. 


of thp Card Index in Filing. Tbs 

great value of the ' eatd Indent in the filing of 
Mters and documents has already been mOphA*' 
sised in the chapter on correspondence, asid 
needs little farther explanation here. All thd 
valuable information contained in letters, which 
under the old alphabetic system of filing letters 
was buried, can be ma<^e i^vailablo at a moment’s 
notice by the simple moans of indexing on a card 
the subject, and inserting the card in its proper 
alphabetio order among the names in the card 
index. Thus, six successive cards might read i 
“ Apjohn, Henry ; Appleby, Thomas ; Apples, 
Prospective crops of ; Artist, Useful commercial ; 
Attwell, Charles; Aubrey, John.” The card index, 
it must be remembered, is always just big enough, 
and never too big. 

The varied and miscellaneous inf ormation con- 
tained in letters and other documents should 
only be indexed if it is likely lo bo wanted and 
to prove useful at some future time. Of course, 
the indexing,* like everything else, can be carried 
to an extreme, and this waste of time and 
energy must be guarded against. 

The Card Index in the Selling De- 
partment. The useful nc'ss of the card index in 
the buying and costing dc‘partments and in ih(* 
stores has already Ix^en referred to, and no 
further details need bo given lu'n*. It is, however, 
in the helling department that the system proves 
of greatest value. By its means analys(*s of sales 
can be made as often as desired, with the mini- 
mum of trouble, the activities of the various 
travell<*rs can lie followed closely week by week, 
or month by month ; the state of trade m the 
various districts and towns can be noted, and the 
nse or fall in the amount of business done with 
any particular customer can be seen at once. 

It will be agreed that such a variety of 
information — much f>f it of vital imporianee to 
the fii’in— must be of supreme value, and if it 
were by its us(*fuliiess in this department alone 
that the card ind(*x was to bo judgc'd, it would 
have more than justitied itself. The use of the 
card index by a selling department may bo 
simple or complex, according to the requirements. 
Different sets of cards can, of course, be kept to 
record varying phases of tho si'lling side of a 
business, or a single set can bo so arranged as 
to achieve two or three objects. • Tlie best system . 
will hoon occur to a man who has a grip of its idea. 

A Simple Use of the System. The simM; 
plest method of all is to have a series of cards, 
one for each customer, with vertical and hori- 
zontal lines dividing the card into a number of 
spaces for the figures. Down the left-hand 
column of tho card, running from top to bottom, 
with one or two lines for each, are written thOv> 
abbreviated names of the twelve months — 

Feb., Mar., etc., as shown on tho pari of a oaril 
of this kind given at tho top of the next page. 
Tho vertical columns will represent different, 
years — 1913, 1914, and so on, one year beings 
written at the head of each column. 

* card a^nged in this way the monthly' 

'of a customer bo entered up/ andvl^}^ 
fnU it will be a complete record 0^' 
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customer's purchases for five or six years^ The total fbr twelve months in the last column. Th<5 
card would bo entered up like this : card has about eighteen horizontal lines, so that 

it will hold the records of eighteen linns on one 
side. It may tht‘n be turned over, and the record 
for that town continued on the other side in the 
same w'ay. In this Avay a single card will contain 
t^ records of, say, Jhi customers. The specimen 
of a part of the card given below will illustrate 
better 1 hau any description how the record is kept. 

Avoiding Double Sets of Cards. Such 
a system works well enougli, but* the objection to 
it is that it necessitates a (louble set of cards. In 
At the head of the card is written the name of order to avoid this, cards of dilTerent colours art‘ 

the customer, with his address and the terms on often usc‘d. "J’he accounts of different travellers 

which he is supplied, and also the name of the are made out on diiT(*rent coloured cards, and 

travcllejr on whose territory thc^ customer is though cards are entered up and arrangicl lik(^ 

situated. A series of cards made out in this those first described — aljihabetically according to 

way, and post(»d up to date, is an exceedingly (-ustomers’ names— yet any particular travellers 

valuable re.cord, and will prove ])articuUirly rt'cords can vi'ry soon be picked out and put. 

useful in a small business where it does not take tog(‘thiT for ixaininatioii,* or can even be i.-x- 

very long to look through the whoK? of the cards. amiued while they rejuaiii in tlu^ opcai drawers. 

The disadvantage in a largo business would bo because they air so easily distinguished from 

that the cards would have to be kejit in alpha- oth<‘rs by rcaison of their distinctive* colour, 

betical order, and would be principally a record Thus, Mr. Brown, who does the North of l^ng- 

of the business done with custom<*rs, and nothing land, might, have yc-llow cards ; ISIr. Jones, who 

more. If it were desired to know the state of does the Midland's, buff ; Mr. B.obinson, who 

business on any travoll<‘r’s territory, then it does the- Eastern (\3uuties, could have red ; Mr. 

would be necessary to go through tin* cards, and Smith, who does the South-East of England, 

rearrange tlioui according to the travellers' naim's. mauve* ; Mr. Evans, who does Wales, blue ; Mr. 

This would involve a great d(*al of long and Jloberts, who does Scotland, pink ; Mr. .Jackson, 

tedious work, if the business were an extensive who does Ireland, orange ; Mr. Hobson, who does 

om^ with some thousands of customers, and in the Southern Counties of England, grty ; and 

order to avoid if various adaptations of the card so on to any extent. In order to facilitate the 

system have l)(‘(‘n tried, all of whicfi an* good in handling of su(;h a multi-coloured set, it is usual 

Town, nartoii. Traveller, F. .lours. Year 1913. 

Xo. j Xanio. .A(l(lr<’.ss. | Jau. | Feb. i Mar. *Aj>ril.j May ^lane.j July.j Aiik. | Sept.j Oft. j Nov. T>ef. Total 

17 .Ipplftoii. E. ft 

2."! Aylmore, J. J 

121 r»ro\vi\ iV Co. 1 

their way. It must, of course, be understood to hav<^ cards that are sealloi>ed at lh<* top, or 

that dtfl’erent businesses need ditfereiit methods, havt^ tabs sticking up so that the cards of • 

and so brief particulars will be given of some of ditTereiit colours may show u^) plainly and be 

the systems, and < very business man must picked out with tin* minimum of trouble, 

judge for himself which is the best to follow in his Different Arrangements of the Cards* 
own particular selling department. In all cases The cards with the cuslonu‘rs entered up accord- 

the cards should be given numbers, so as to jug to towns, or those with a customer on each 

facilitate cross refereuecs between one set and car<l, can be arranged alphabetuailly as a whole, 

another when necessary. or they can be kept in groups according to the 

Different Sets of Cards. A good many difi'erent travellers’ territories, each group being 
.firms elect to have two sets of cards. One set alphabetical in itself, whether towns or customers, 
will be like that described above, which will The first set of cards described is very serviceable 

enabjc a complete n^cord of any customer’s ac- where the firjn’s business is confined to one or 

count to bo turned U[> in a moment for exaraina- two lines, but wIkto there is a largo rar^e of 

tion. Then in order that returns of the different goods a morti detailed record is needed, if the 

travellers may be examined with equal facility, sales are to be properly analysed and followed 

it bi the practice to have a number of cards hiadi^ up by the selling department. In such case it is 

out according to towns. At the head of each card usual to have two sets of cards, one set being a 

is the name of the town, the traveller who works record for two or four years only, witli one or two 

the territory, and the year. There arc vertical years on each side of the card, the other set being 

and horizontal rulings, and on each horizontal a summarised record for about ten years. . This 

■ line is written the name and address of a cus- second set of cairis is practically the same as the 

tomer in that business, the number of his card in first set described in this chapter, and is useful 

the other set, and the amount of business done for extended reference when it is wanted to 

y^ith him i^each month, of the year, with the compare a customer’s trade for a number tf 
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years to sec whether there has been a pi^ogfossire 
increase, a decrease, or an up and down switch- 
back kind x>f trade. 

WorK of the Sales Promotion De- 
partment. It is the detailed analysis of tlie sales 
for two or four years, made out on a single card, 
that is the record on which the sales promotion 
section of the selling department will base all its 
work. In this case the card will bear at the top 
the name and address of the customer and the 
name of the travelU'r. There will be the usual 
horizontal and perpcmdieular rulings. Jn tho 
Ic'ft-hand corner will be the names of the months 
one under another, one lino for each month of tho 
year. Then the rest of the card is divi<led into 
narrow eoliunns, and at thi‘ he id of (Mch is written 
the name of oiu* particular lino of goods. There 
may be on one particular card room for thirty 
I nes of goods, with a column for each. In this 
case the w hole side w’owld b(‘ rc(juircd for one year ; 
hut if there an^ only twelve or lifteen lines of 
goods, then two years can be got on the front of 
the card, side by side*, and two years on tho 
back. The business dont‘ with each customer is 
now entered not up in a lump sum, as lu the 
‘simpler form of record, but is analysed, and the 
amount spent on each particular line is (‘ntered 
in its proper column. 

The Value of the Record. Phis record 
is oxet'cdingly valuable to the sdlmg department, 
and enables them to woik seientitieally and 
systematically in promoting sales. In the 
old days it was the custom to look ut a traveller’s 
total^ returns or a customers gross turnover; 
and if on comparing these with a previous year 
or period it was found to be up, then everything 
was considered satisfactory. But such a crude 
method of doing things is not now considered 
of any use. A traveller’s returns may be up, 
and yet he may not be doing the business the 
firm wants-- (ho business (hat is most profitable 
to it. He may b(* nier(*ly getting the business 
which is easiest to get and neglecting that 
which is most dosirabh* to get. It is only natural 
that, if there be no such analysis as has been 
described, the traveller should he left to his 
own devices, when ho will push those goods 
that are sold with the least cA'tieuditurc of 
energy and trouble. 

The Right Kind of Selling. No traveller 
should bo allowed by his sales manager to 
ignore any lini's turned out by his firm; and 
when an analysis is kept by the card index 
system, as described, the sales manage^^ can 
have a weekly stotemeiit of each traveler’s 
placed before him. Thus, if KSmith, in 
the fjastem (’ountios, has sold plenty of butter, 
but no ch(*i\se, he should bte given a reminder 
or spur regarding cheese ; and if the travellers 
generally are neglecting any particular line, 
as shown by tho records, then there should be 
a genotal spur ail round on this lino. There 
be some particular reason^ why the line ia 
hot aollmg well In such a case the spur will / 
i good result, for the travellers, in self* .. 

^ Justinoation, will write in, explaining why they -i 
not it, and the sales manager will \ 


then be ffible to 16 bk imo the matter and W- 
if there is anyth£hg wrong with the line or- 
with tho terms. He may be able to give bettbr 
terms, to hit on some scheme to make the Hue 
more attractive to buyers, or he may find that 
his men have not got the right selling story. 

Following up the Records. Some firms , 
pay so much attention to these statistios, and 
attribute such importance to them, that they» 
have their men down from time to time and 
place their records before them, giving them 
the straight hint that they must move the 
lines they are individually neglecting. No 
selling department should be content to go on 
without an analysis of its travellers’ work 
kept in this way. There is an added inducement 
for the travellers to work when they know that 
their returns are being systematically scrutinised. 

Watching the Purchases of Buyhrs. 

What is true in the case of tho travellers’ returns 
is equally true in the ca.se of the purchases of 
buyers. If the fullest value is* to be got out 
of the statistical department, then the business 
of each individual customer should be analysed 
and records made according to tho diflercnt 
lines the firm deals in. The sales promotion 
dejiartment will then go through (lie customi*rs’ 
cards periodically, making notes of those who 
are down on tluur gross turnover, and of those 
who, tliough their general husincss has in(*reased, 
are down on certain Individual letters 

will be written to these customers, and the 
result will undoubtedly b(‘ to draw new business. 
Nothing biings about such good results in 
.selling as tin' persistent following u]) of customers 
by the selling department. It will be s(‘en who 
arc the big buyers of certain goods ; and when 
there are special liii(‘s that want clearing quickly 
at a special prici‘, then from the eaid index, 
records e.in be found out who will be the most 
likely buyers. This enables the lines to be 
cl<*ared with (he minimum of trouble and 
expense, the profits, of course, being corre- 
spondingly greater than they would otherwise be. 

Looking after Prospective Customers. 
The card index system is absolutely indis- 
pensable in a modern sidling department. By 
it returns can bo recorded and analysed, and 
comparisons made in a scientific way that 
would be impossible by any other system. In 
addition to the records of existing customers 
and trade already done, various other records ' 
can be kept which cannot but prove useful, 
as, for instance, particulars of prospectfve ^ 
customers from whom inquiries have been made, 
and to whom samples or price-lists have^been 
sent. These, then, can bo followed up in a 
’persistent and systematic way. 

The Card Index System PayBlfo^! 
Itself. Tho hesitation of some firms to tho in?, 
stitution of a rt'cord department based on the oard^; 
index system is the cost of it, and certainly; 
*it is true that it will cost money. A staff wilfJ 
bo necessary, as the ^ examination of all the.* 
erdera and despatch notes, and tho' ontotiii^ 
on the cards of the returns, will involve a 
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several clerks will bo needed for this* In 
addition there will have to be a smart man 
at' the head of the department, and sucli a man 
can command a good salary. But if the records 
are properly used the investment is one that 
will bring back returns every day. Some firms 
have found their business double in a com- 
paratively short time after they have installed 
tho card system, and set to work using the 
statistical branch of their selling department. 
It must, of course, be understood that strict 
accuracy is necessary, which merely means 
that those engaged upon the work must take 
an interest in it and do it w’ith car(\ Nothing 
in the way of slipshod work can b<5 tolerated 
in tho handling of statistics. 

The Card Index in the Advertis- 
ing Department. Anotlu^r department of a 
large business liouse in whicfi the card index is 
extremely useful is the advertising de])artiuc;nt. 
Here, if a eoiisiderablo amount of advertising 
is being done, records must bo kejjt of the 
difh^ront forms of advertising— notices in the 
Press, posters on the hoardings, stands at 
exhibitions, railway advertising, and so on ; 
and this can only be properly done by m<‘ans of 
tlio card index. If a regular list of newspapers 
is systematically used at more or less regular 
intervals, thbu there should be a card for <Nich 
journal, with its name at the top ; and if the 
space oeeupied is always the same - say, a 
half-page or six inches double column — then 
the spacic should be mentioned at tho top of 
the card, too. The ini<5rvals at which the adver- 
tisement appears sliould also bo stated. Then 
there will be the usual liorizontal and perpen- 
dicular ridings, th<^ columns can be headed 
with the dates of the weeks or months in whicli 
tho advertisement is to appear, and as tho 
voucher copies conu^ in with the different dates 
a tick can be placed in the spaces for these 
date's. Thus a complete chock will he kept on 
tlu^ appearance of the advertisements, and .a 
full record of tho advertising will Ik? available 
for consultation at any time. If columns be 
left for the cost per insertion, tho cards will 
also provide a recoid of the money that is“ 
being expended. 

If tho firm has running contracts with the 
ditfercjit papers and magazines, then the other 
side of tho cartl can be usiul for a periodical 
balancing to see how much of the contract 

s yet lO run. Here there will be columns for 
^the description of the advertisement, the iiuiubcr 
-of times it is to appear, the intervals of publica- 
tion, the price per insertion, and the balance 
^till to run. Where tho advertising is not so 
extensive, and is not done on contracts, the- 
card index system is nevertheless equally 
us^ul, and provides a much better record 
than any book or set of books could possibly do. 

. Keeping the Card Index Within 

, Bounde. Methods of adapting the card system 
. to other forms of advertising, such as bill- posting, 
will at once occur to the mind of any thoughtful 
business man. In every way it will simplify 
the work Qf advertising department, and 


in all up-to-date firms, whether of newspapers 
or commercial houses, it is regarded as essential. 
It must always be remembered, however, that 
tho system must not bo allow('d to run wild. 
It should be used only where it is really useful, 
and not merely for the compiling of records 
that are of no real service to anybody. 

Keeping Trach of Follow-up Letters. 

The systematic sending out of form lottcra, 
too, is a matter that can bo grca'tly helped by a 
judicious use of the card index system. It 
may. for instance, be detc'nniru'd to send out a 
letter to every one of a number of possible 
customers whos(^ names are already lik'd in an 
alphabetical card index ; but instead of sending 
them out all together at one time, the intention 
may b(^ to send them in batches spread over a 
week or two. It may furtluu* be determined to 
follow U[) the first letter with a succession of 
of hers, each going out at- intervals of a wo<'k 
after the previous communication. I’hc difliculty 
is to avoid tho making out of fresh lists, or the 
disarrangement of tlui alphabetical order of 
the card index ; for as difh'rent sections of tho 
Gomploti' index must of nccM'ssity be dt^alt with 
at different times, tlw' natural inclination would 
bo to have either a supplementary list arranged 
in batchers according to the dates on which tlu' 
follow-up loiters have to be sent., or to re- 
arrange the original alphabetical list in some 
such way. It is necessary to know wlu'u each 
card is to have its next letter, and to se(' that, 
the addressee gets it at th(^ right date. 

The Use of Metal Clips. The best 
method, and that which is usually followed 
is to have the numbers from 1 to tH, repre- 
senting tho days of tlie month, printed on 
the top of each card. Then when flu'- first 
letku* is st'nt out a little metal or onanu'lletl 
clip is fastened on the card exactly over the 
date on which the lU'xt communication is to h<* 
posted. The clips, which are juade for the 
purpose by various firms of office outfitters, 
can bo bought quite chea}>ly. in this way all 
the clips on those cards which are to have a 
follow-up letter on a certain day are in the 
same relative positions, and form a line up the 
filing cabinet so tliat they vim easily bo turned 
up or picked out in order for addressing. The 
letters can be sent out day by day, and when 
a batch goes off iht? clips are moved forward 
to the date of the next communication. 

The Card Index for the Wholesaler, 

Tf the card index is good in tho various depart- 
ments of a manufacturing business, it is almost a 
greater boon to tho whole.saler as distinct from 
the manufacturer and tho retailer. In these 
days, when the tendency is to direct trading 
between tho two hist mentioned, the wholesaler 
needs to have a perfect system of trading, office 
organisation, and records if he is to hold his own. 
The records of his buying, on the one hand, must 
be in detail and easily accessible for instant; 
reference ; while on the other hand, his cus- 
tomers’ purchases and the terms on which they 
buy, with other useful information, must be 
equally full and easy of reference. The card index 

: ■ 2003 
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is not only the most satisfaotoxy from 

the point of view of reference, but it is also the 
cheapest and least cumbersome. 

The Syat<^m for Recording Multiple 
Shop Trading. Then again so many whole- 
salers now run retail businesses that, to them, 
the card index system is all but indispensab^ 
They have retail shops, not so much from choice 
as from necessity After supplying a retailor 
for some time unci allcjwing him to run up a big 
account, it often happens that the man is unable 
to meet his liabilities, and the wholesaler then 
takes over his shoj). In this way, and perhaps 
afterwards by purchase hero and there, the 
wholesaler at last comes to own epute a number 
of retail shops in chfTcrtmt jiarts of a town or 
district. Managers are ap[)ointed to i^ach, and 
it is of course a nectssify to kci‘p detailed records 
of the* goods sent to and the business done at each 
indi\ idual shop. Only by tlie card index can the 
nc'cessaiy d(‘tails be ke})t in such a way as to be, 
accessible for all the purposes for which they 
are required. The same remarks apply to the. 
ordinary multiple ahoj> comiiany. 

The Card Index Ledger. An ingenious 
adaptation of the card index is to the keeping 
of account books, and tlie card index IcidgiT 
is more and inori' coming into use, not j(»»ly 
because of its convciiienci* in that it gets over 
the old cumbersome task of periodically opening 
new ](‘dgers wdien the old on(‘s have become 
full, but also because it simplities the work 
of bookkeeping and reduces the labour so 
much that in a large firm the services of at 
least one clerk can be dispensed with. As a 
matter of fact, accounts can be posted, checked, 
a trial balance taken, and statements made 
out ready for posting in about half the time 
required for similar work don(‘ from a book 
ledger. No separate index is r(‘quired, for the 
set of cards is itself, of course, an index, being 
in alphabetical order. One gri’at advantage 
is that, being on cards, the accounts can be 
divided up among a number of clerks for simul- 
taneous handling, wheriMs only one man could 
work on a hook ledger at one time. Olost'd 
accounts can be removed and placed m a separate 
file, so that the card ledger is never larger 
than it really need be, whereas the hook ledger 
has of necessity tor contain botli open and 
closed accounts. The bulk, too, of the book 
ledger is ever so much greater than that of tho 
cards with a corresponding number of accounts. 
Then, ogain, tho card index ledger can. in the 
absence of any other list in tho offico, be used 
• for the addressing of envelopes for posting 
form letters and cnculars or price-lists. 

Arguments Against the Card Ledger. 
One of the arguments sometimes advanced 
against the card index ledger is that, unlike a 
book ledger, it lays itself open to falsiiicatioa, 
^The book ledger, it is pointed out, cannot bb 
iflterotl without the change being detected. 
Anything scratched out must reveal itself 
^aoonev or later, whereas a card can easily bo 
; token ngbt otjt of the system. Where, however^ ^ 
supervision is exercised, there is little* 


more fear of IstelttoatSbn a lec^ 
*thaii with a book. Errors dim bd ^deteo^d 
just as easily in a card ledger as in a book,"#^ 
the lodger does not stand alone ; it has 
with the other bookkeeping acooun^K The 
proof of its advantage is that large firms are, 
more and more coming to usp it. 

Economy of Time. The economy qI; 
time in the mere handling of a ledger arranged 
on the card system, as compared with the 
turning of pages and moving about of heavy 
volumes, is enormous, and this alone should 
recommend it, even if there were no other 
advantages. If ordinary care bo exercised there 
is no^ fear of tho cards being lost ; for, except 
when they are actually being written upon, 
they are nx the file drawers, secured there by 
the rod that runs through the perforations, 
and this rod can. if ni'cessary, be rendered 
unremovable by a lock on the outside of the 
drawer. No unauthorised person will then bo 
able to remove a card without the fact being 
detected. The beautiful elasticity of the card 
system is nowhere more appreciated than when 
it is adapted to ledger work. 

The Loose Leaf Adaptation. Tho 
loose-leaf ledger is really only an adaptation of 
the card index. It is preferred by some to tin; card 
syslmn. bc'caiise li lias more the appeuranco 
of the old-fashioned ledger, and does not seem 
such a drastic change from all tho old-established 
methods. Furthei, because the leaves are held 
m by a meehanieal arrangement that has a 
key, so that no leaves can be removed except by 
tearing, nnh^ss the holder of the key undoes 
the book, some peojile regard it as ptirticularly 
safe. The same saf(*tj% as has already been 
explained, can be obtained in a igard index ledger. 

Tho Office *• TicRler.” A very usefiH 
adaptation of tho card indi'x system, which has 
quite superseded the old fashioned book diary 
in all up-to-date offices, is the reminder tray, or, 
as it is generally called m America and is now 
being described in this couni ly, the “office 
tickler.’' This consists of a box w'lth a hinged 
lid which can be closed down and locked so that 
*any private infonnation contained within may 
be secure from unauthorised eyes Inside the 
box or tray are forty-three guide cards, the 
twelve at the bark representing tho ntonths of 
the year from January to December, and the 
thirty. one in front the days of the month. The 
names and numbers are inscribed on raised tabs. 
Letters and other docimjonts requiring attention 
at some future ti^u' are then placed behind tho 
cards w’ith the d^tes on which they are to come 
up for consideration or final disposal. Mattetie 
-for the current month are behind the cards with, 
,,.the days of the month inscribed on their tabs, on^v 
V^i^ose for future months are behind tho 
Ciards for those months. ^ 

Another useful adaptation of the card index 
sys^m is^to the pocket-book. By means of 
. springs or clips in the back of a leikther oover^ 
^ and a number of detaoh£bie leaveii, vrfiat is prao^» 
ca% 1^ portable card index will fit into the pocket 
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Focal Length* Law of Lenaes. 'pie Telescope and Its 
^ Defects. Achromatic Lenses. The Lens In Use. 

fME PROPERT1E3 OF LENSES 


H avinq discussed the laws of refraction in 
general, and their application to spherical 
«iy|frfaoes> we must now pass to a more practical 
mattet — the application of the laws of refraction 
in the various kinds of lenses. Of the more 
li^tract parts of this subject, liowever, we can- 
.not make a very adequate study, but we must 
do BO to a sufficient extent to enable us to under- 
stand the most w'ondcrful of all optical in- 
struments, which IS the eye [see page 2014], anfl 
also certain other instruments of man’s const ruc- 
tion, such as the microscope and the telchcopc*. 

Lenses. The most familiar illustration of a 
lens is found in the pieces of glass which an* 
put into sjjcctaeles. A lens may be made of glass 
or any other refracting medium. (Hass is the 
most commonly employed. ]\Iueh practical 
interest attaches, however, to the use of lenses 
made of other materials, which may behave 
oth<‘rwise than glass in relation to certain 
portions of the etliereal keyboard,” 

A piece of glass bounded by two ])lane sur- 
faces is not a lens ; one surface, at least, of a lens 
must form part of a sphere, or must, at any rale, 
be curviliiK'ar. We eontiiK* our attention to 
lenses which have a detimte curvature. When 
the curved surface is curved outward or is 
convex, wo fiavc a convex or converging lens. 
When it is curved imvard, or concave, w'o luui* ,i 


concave or diverging lens. We have already 
seen what is meaii^’by a convergent and what 
by a divergent jieneil of light, and our know^- 
ledge of the laws of refraction is now sufficient 
for us to understand why the convex lens is said 
to be eonvej giiig and the concave lens diverging. 
One surface of the lens may be flat while the 
other is curved, thus giving us what is callt*d a 
'plano-convex, or a plano-concave lens; or a 
lens may liave one surfaet* convex and the other 
concave, as, for instance in the case of a watch- 
glass. The simpl(*st, peihajjs, ate those lenses 
which arc ^oininonly used for spectacles, and 
which luJI both surfaces either convex or 
i.cpncave. Such lenses arc* callexi doubly convex 
an4 doubly concave, or bi-co7ive;v and bi-concarf. 

|r<>cal Length. Each Ions has an axis, and 
thiti* in the case of the bi-convex or bi concave 
lens, IS a straight line joining centres of the 
^wo surfaces — that is, thi* eentmi of the circles 
^ which the surfaces of the lens arc parts. The , 
teader must recall ^bat has been said about 


mirrors in relation to a good many of the terms 
■Wliich are used of lenses. Thus a spherical- 
^irror, like a lens, has an axis. Each also has* a 
^rfnoipal focus. When a pencil of parallel rays 
%dis upon a convex Ions in a direction parallel to 
axi», its constituent r^s converge after 
through the lens and meet one another 


at a i>oint beyond. This point lie.s upon the axis 
of the h'us, and is known as its principal focus. 
The statement as to the convergence of the rays 
is not completely true. It varies from the 
truth just us does the similar statement w'hich 
W'c made cone(*rning the jirmcipal focus of a 
Kph(‘rioal mirror. 

But a bi-com*ave h'us -or any roneavt* lens — 
also has a principal focus. It is true that when 
a pencil of parallel ra^'s falls upon such a lens 
they an* caused to diverge, not converge. They 
w’ill nevi'i* meet one another. JN’everthelchS, if 
the hues of their n<‘W course be produced back- 
ward through the lens again, .such lines wull 
meet at a point upon the axis. Ju other W7>rds, 
the rays, aft(*r iiassing thioiigh the diverging 
k*ns, will appear to diverge from a point on the 
axis. Th(* point is e«xlled the pimeipal focus of 
the lens, and has the sam<‘ sigmticaiiee as the 
jirineioal focus of Du* eoiuex lens, though it 
happ<plt.o lie on the opposite side. The distance 
hetw'Cen tin* lens and its principal focus, 
W’h<‘n'ver that may h(‘, is a very important fact 
about tlie l(*ns. anrl is Know'ii as iin focal length. 

JIavmg compared and contrast (*d convex and 
concave lcns«*s, w'o note the simple fact that the 
divergent lens is thinnest at the middle, while 
the convergent lens is thickest at the middle. 
Tins is tru(‘ of glass lenses in air, hut these 
characters are int(*rchanged when the refractive 
ratio i.s reversed, ” as, for instaiiee, when the 
leri.s is an air space surrouudisl by water.” The 
law's of refraction exjilain this at onei*. 

The Law of Lenses, l^rofessor Tait 
summarises the wliole matter in what he calls 
the following ” excessively sinifile form ” : A 
thin lens ineiease't or dimininhes bg a definite 
quaniity the eonrefgenee or divergeim of' all rays 
v'hich paf'H ih tough it “ This cpiantity,” he 
says, “ is the dh'ergenci* or convergence of rays 
falling on the lens from, or passing from it to, 
its principal focus. Or it is the com^ergenco 
or diveigeiice which the lens pivKluces in parallel 
rays. Thus, if the distance of an object from 
a co'iivex lens is twice tlu* focal length of the 
lens, the image is formed at tlu^ same distance 
from the lens, and is equal in size to the ol)ject.”. 

The reason w'hy w^o hav(* to say “ a thin lens ” 
is evident if wo consider what happens in 
fraction at parallel surfaces. Wo know’ that when 
light passes through a pane of glas.s it emerges, 
not in its original dire(*tion, but parallel to it. 
In the case of a l(*ns of any considerable thickness, 
this would introduce a new complication, but as a 
rule the thickness of a lens is very small relatively 
to its focal length, and so we may assume for 
practical purposes that rays which pass through 
the optical centre of the lens are continued in tho 
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same straight Jinc. This opliml canlre. is defined 
as a point found in every lens, lying in its prin 
cipal axis, and svjoh that every ray of light pass- 
ing tiu’ough it emerges in a direction parallel to 
its original direction. In the case of thin lenses, 
such rays are practically continued in the same 
straight line. 

The phrase fjrtn jmjale foci describes two points 
upon the priiicipai axis of a spherical mirror so 
related that the rays upon either are brought 
to a focus at the othtT. Similarly, a p(*neil 
fronj any point near the axis of a lens c^onverges , 

on the other side of the lens t<» auotluT point 
which is also n(‘a r the axis. If lh<‘ l(‘ns be con- 
cave, such a )>encil is treat <'d so that it appears 
to diverge from another j>oint, similarly near 
the axis, but in this case on tlu^ sani(‘ side of the 
lens. Such pairs of ia>ints in t'ither <;ase are called 
conjufjole foci, and have tlu^ n^latiou that the 
rays of a. pencil frt)m eitluT will j)asH tliroiigh tluj 
other in the ease, of llui convex lens, or will 
appear to pass tliroiigli tlie other in tlm cas(i of 
the concave lens. 

Convex Lenses and their Images. 

Anyoni^ who has ever jiossessed a co]iv<‘X lens 
of the kind used in spectacles or as simple 
inicrosc(>])es, must have obs(‘rved certain facts 
for himself whi(!h may here h(5 briefly stated. 
Two kinds of in)ag(‘s are produced by such a 
le.us. TJie one is r<*a] and thtj otlu'i' virtual. 
'^I’he one called real is so be(niuse the refract.e<l 
rays have actually passed through the point 
which they appear to jmss through. The virtual 
image is so called because the refracted rays do 
not actually pass througli the jioint, but m<*rely 
appear to Iiave diverged from it, as can l)ti si‘en 
if the rays arc f>ro(luc(<l l)ackwards. In either 
case the size of the imago varies dircidly as its 
distance from the centrt^ of t,he lens. When we 
use sucli a glass as this as a simple microscope, 
wo place the lens close to the body to be stxulied, 
and W(< obtain an upright irnag(‘ of ihc body, 
which is virtual. Th(‘ body in such cases must bo 
nearer to th<? lens tlian its ]»rincipal focus. Jt 
is so near that the rays from it div(*rg(? greatly- 
so much so that the lens, t hough a converging 
lens, is not able to destroy the divergencM*, hut 
merely to Imsen it. 

8ays Professor Tait : “ In using a hand 
magniher in this way, we so adjust it by practice 



that the inlarged image appears to be formed 
, at the distance from tlu* eye at which vision is 
most distinct. Jt is obvious that tlie amount 
of mngnilication must tlam bo greater as the focal 
length of the lens is loss.” This, of course, 
means that the most '* bulgy lens is the most 
ppwerful luaguifior. The ticcompanyiiig diagram 
— note what happens to the divergent ray PQ — 
shows what happens in the production ofjj^ 


virtual erect imago by a convex lens used in the 
Jashiou wo have described — the t)oint , being 
that the object, the imago of Which is formed, 
li(*s nearer to the lens than its princj||»al focus. 

The Second Kind of Image. But when 
we hold up such a simple microscope to the eye, 
wc obtain a \ (Ty small inverted image of distant 



objects. ''I’be reader should see this for himself 
with the aid of his glasses, if he be long-sighted, 
or by m<‘ans of a sim})le mircoseopc, if he possess 
one, or by means of one of tht‘. object glasses 
from th(‘ eyepit'ct? of his microscope, (.\aivex 
haises are us(*d for this purpose in various ways, 
us, for instaiKje, in the object glass of a telesco]>e, 
and in th(i familiar scieritiJie instrument which 
is called the mmera olhscuru. 

The accompanying diagram shows the con- 
ditions under which this rt'al inverted irnagtJ is 
formed. In order to lind the })osition of the 
image, of any ]U)int foi'ined by a lens, such as tlie 
])oint 1* at the h(*ad of the arrow in our diagrams, 
we should begin by drawing two rays. The first 
is oiui which passes thi-oiigh the centre of the 
lens and lias its ('ourse uiudiaiigod. The second 
is th<‘ ray which ]>asses from the point P parallel 
to till' axis of the lens, and, being parallel, is 
thi'iefori^ ridraeti'd so as to ])ass through the 
inineipal focus of the lens. In the aceompany- 
ing diagram wc have marked these rays 1 and 
2. The point at which tliese rays coincide 
is th(‘. point whi're thi; image*of P will be formed 
— that is, P 2 on the diagram. Once wc have 
obtained the position of P wo can them con- 
.struet the remainder of the image, and the 
reader may^ be k'ft to complete tJie diagram. 

The Microscope and Telescope. 

Thesi' facts are already sufticient to enable us 
to understand the principles of the ordinary 
astronomical telescope and the ordinary com- 
jKiund microscojx^ Thus, the fundamental 
part of the compound microscope is merely^ the 
simple microscope or convi'X lens which <j.on-. 
slitutes the jiart of the instrument near tho 
object and is known os the ohJcA'th>e. But let /: 
us begin with the telescope, and, first of all, a 
few words as to its history. 

Here 'we cannot do hotter than quote from the 
uutlioritative life of Galileo, by J. J. Paine. The 
telescope Avas invented accidentally in Holland j 
in October, 1008, thus: “As the story goes, ; 
an apprentice playing with spoolacle lenses in 
- the shop of one Hans Lipperhey, an optician of y 
Middelburg, noticed that by holding two of them ’ 
in a certain position a large and inverted view 
of objects waft obtained. On hearing of thisj^ 
the master fixed two glasses in a tube so 
the weathercock on a neighbouring church v 
spko could bo seen apparently nearer' and ;; 
upMe down,” This toy was shown in his 
window, where one day, it was seen by a noble- 
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: man, pqrcbaaed, and prescntod to a prince* 
Lip^rhey pctHipned what corrcapondod to our, 
Parliament forw patent right, and they 8uggeste<|^ 
•that ho make the instrument so that^^ 

one couldRook through it with both eyes, which 
he did* Their idea seems to ha\e been that the 
instrument would be useful in war. There are 
;v two other claimants, also Dutchmen ; but the 
^^teresting fact is that the nc\\s of the dis 
; cot^ry, hit no more, reached Galileo in the next 
year, 

Galileo’s Claims. The foiloMing is a 
precise quotation of a letter written by the gre it 
genius to his brolhci in law “ You must know 
then, that about t>>o month's ago” [i p , ibout 
June, 1609], ‘ a report was spread heie that in 
Flaudir's a spyglass had been pu wonted to 
I’mico Mauiice, so ingeniously (onsluioted that 


more interesting and instructive sentences 
“ With this simple fact ** [the report about the 
Dutchman], I returned to Padua anei reflecting 
on the problem I touiid the solution on the 
first night after my arrival In the next bi\ 
days 1 made a more perfect instrument. It 
may be said that tne certitude of the e^xistenco 
of such a glass aidfxl me*, anel that without this 
knowledge I would never have sueoeeded. To 
this I reply that without the mfoimation ni\ 
thoughts may never have been directed that 
way , but that such information made the act of 
invention e isie r to nu , I de ii\ , and 1 say more — 
to finel the solution of a elehnitc jiroblem rcquiies 
a gi cater elioit of genius tliau to lesoHo one 
not sjiecihcd , for in the latter ease ha/aid. 
ehance, may plav the gnatcr pait, while in 
the toimei, ill i-. the Moik of the reasoning and 
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it mule the most dist nil objc<ts appe ii epiitc 
ne n m) tint a man < on lei be seen quite pi unly 
at a clManie of two miles i’hi^ icsiilt ‘^telm(l 
to me so ( xtraordinaiy that it set nu^ thinking 
and IS It appe'aitd tei me that it dejiended upem 
the Uws ot peispeetiM 1 k fleeted on the 
wannei of constructin' it and was at length 
so eatiiedy suecessful that I nndc a spyglass 
which far surpasses the lepoit of the Flandcis 
one As the news had le iclied Venice that I 
\ made such an instiumeut, si\ da>s ago 1 
^ Wlfs sunimoncd before their Highnesses the 
S|jgno)ir>y uid exhibitcfl it to them, 'O the 
aiti^ui’^hmeut of the whole bcnate Many of 
i the nobles and scnatois, although of a gieat age*, 

^ memnted more than onee' to the top of the 
highest church tower in Venice in order to see 
sails and the shipping that were so fai oft that 
' It was two hours before they weie seen, without 
my spyglasfc»» stecimg full sail into the haiboui , 
^ fox the effect of my inctrumont is such that it 
an object 50 miles off appeal as laige 
i^as if it wcie only five.*’ 

^ Galileo’s Method. Subsequently, in the 
i^ybar 1623, Galileo diefends his nght to be con- 
b^ered an independent inventor of the tele 
l^ope. The point is worth insisting on, and 
will quote, from^ a boo^ pf his, a few of the 


intelligent mind I on the simple mfoimition 
of the cftcct obtiimd, diseoMicd the feame 
instruimnt, not by chant e but by way of purtj 
le isoning 

He 1 C ’ h( contimii"' . ic thu steps the 
artihcc of the iimtiumf nt depends < it her on one 
glass oi on St \ ( r il he aimot tic jh iid on one, for 
that must be either con\t\ oi eoneavo, or plain 
The list foim ncithei augments nor diminishes 
visible objects, the conca\e ehmmishe»s them, 
the convex me'i ases thenif but both show 
them blurred and mdistmct Passing, thou, 
to the combination of two glasses, and knowing 
that glasses with plain surfaces change nothing, 
I ( oncluclcd that* the' e tfe 1 1 could not be produced 
by eombmmg a plain glass with a convex or a 
concave one, 1 was thus left with the two 
othci kinds ot glasses, and after a few expen 
inents 1 saw how the effect sought could bo 
})i oduc cd Such w as the march of my discovery, 
in which I wis not assisted in any way by the 
knowledge that the conclusion at which 1 
aimed was a verity ’ 

Theie arc no de'tails about the first telescope ; 
but the second was only as strong as a 
moderately powerful pair of Opera glasses An 
opera gloss is simply a pair of Galilean tele 
scopes fixed together. 
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Images Formed by Concave Lenses. 

But bt;fore wo can go any further, we must dis- 
CU8S the imag<; formed by a concave lens, for 
it was such a lens that (Jlalih'o used’ as his eye- 
piece, and these Icuses are still used as the eye- 
pieces of opera glasses. A concave I(‘ns, such 
as short-sighted pc()])le use in their sp(‘etaeles, 
yields an upright imago which is virtutd. Lot 
tlie itwhir draw for himself a concave lotis with 
a small arrow at sonic little distaiuas ns in tlie 
])rcviou8 diagrajns. Let him then draw, as in 
the previous (ja-se, the two rays, one ]>assing 
through the o|)tical centre of the lens, and the 
other parallel to the principal axis of the lens. 
As in tho previous case, the image of any point 
of the object fiom which wc start, such as the 
image of tin* tij) of lhc‘ arrow, will be found at 
the iiitcrse<^tion of these two rays. The ray 
parallel to the principal axis, when passing 
througli tlie h'lis, is n‘fracte(l in the direction 
of tii(5 thicker part of the lens, as the rule invari- 
ably is. Tb(; line of its new course must now be 
produced backwards until it reaches the axis of 
tho lens at the jioiiit whieli is, of coui-se, the 
principal focus. When tb<‘ ligure is completed, the 
reader will sec ^^hy the inuage fornu^d is smaller 
and e.rect, and why it is saul to be virtual. 

The great advantage of Clalileo's tel(\scofK» was 
— and is, for tlu^ user of opera glasses-— tluit 
one obtains an cre(?t image, though only two 
lenses arc used,. T'he parallel jieucil of light 
(ouiing through tho object glass, wliieh is 
convex, is received by the concave eyepiece 
behifo it reaches its focus, and as the foeust's of 
tho two glasses coim'ide, tht‘ rays emerge jiarallel. 
(Jalileo went rapidly on from strength to 
hticngtb. In a few days be ma<lo third an<l 
fourth telescopes, tho latter making tho moon 
“ a[)pcar about twenty times nearer, and four 
hundred times larger than when se<*n by the 
unaided eye.” He soon found that he had to iix 
liis telescope on a support, in i-irder to obviate 
shaking. Ife ground his own lenses. 

it was witli hi,s fifth telescope, made in 
January, I’dlO, and showing objects more than 
thirty times nearer, that he not merely continued 
his study of the moon, but- mad(^ several very 
important astronomical discoveries [see page 
J81], Tho broken object glass of this celebrated 
telescope, the most epoch-making seientitic 
instrument in history, is now preserved in the 
Tribuna di Calileo, in Florence. 

An Invention and a Revolution. Wc 
have thought it worth while briefly to remark on 
the immediate results of the invention of the 
tt'lescope, not merely because they illustrate 
the diligence of Oaliloo, but because they show 
the extraordinary consequences which may 
ensue to science by the invention of a new 
instrument — in this case nothing more lliaii a 
. concave lens and a convex lens fixed opposite 
another in a tube. The most amazing fact 
of all, perhaps, is that Galileo never got beyond 
a telescope magnifying a little more than a. 
thousand times, yet his results sufficed to 
revolutionise the most magnificent of the 
sciences, and to alter man's conception of the 
place of his home in the nuivorse. 


Ah wc have hinted, Galilean telescopes are now 
, used only in opera glasses. The ordinary astro- 
nomical telescope depends for its understanding 
•merely upon a knowledge of tlm properties of 
convex lenses ; the concave lens is not employed 
at all. In <lcscribiiig it, we caiuiot do bettor 
than quote part of the description given by 
l^rofcssor Tail : “ The object glass furnishes art 
invoftetl but real image of a distant body wUhin ^ : 
our narh. We can therefore place the eyepiece 
(just like a simple microscope) so as to form a 
virtual inagnitied imago of this real image 
treated as an object. It is still, of course, in- 
verted.” This inversion of tho image, in the 
case of an instrument used for looking at tlie 
heavenly Ixidios, is, as a rule, of practically no 
consequence. The distance between the two 
leii-es in the ordinary astronomical telescope is 
the hum of their focal lengths. In tlie Galilean 
telescope it is the diiTerence of their focal lengths. 

Mlin considerable advance in tho use of the 
telescope, wliieh this instrument reiiresents, is 
largely duo to another astronomer, Kepl(T, who 
became })ossess(‘(l of one i»f (thHIco's instruments, 
and then designed a teJescopo consisting of tw’O 
i‘onvex lenses — the rays converged by the first 
of winch are allowed, as w'(‘ have si‘en, le come 
to a locus b(‘fore they Jcaeh the eyeglass. 

Magnifying Power of a Telescope. 
We cannot go at length into the manner in 
whi<‘b the following statement is to be ]>roved, 
but must Miiqily slate it. The magnitying 
po\\(‘r of a l«‘l(*scope may be ts^ti mated by tho 
r,dio ot the local length of the object glass to 
the focal length of the oyefiieee. It is of 
inteic'.'t to note the rough fashion in which 
th(‘ juoneer estimated the ])ower ot Ins telescopes. 

” Place. * he says, ” iqion a wall, at a (‘ertain 
dialancf*, two un(*qual tiiscs, one of A\hich you 
will observe with the telescope and the other 
with th«' naked eye. If the disc seen tlirough the 
telescope ajipear equal to the other, the magni- 
fying })owt*r of tho in.sliniment is in 'the pro- 
portion of the two discs. Jf they do not appear 
c({Ual, the ‘ other ’ disc must be enlarged or 
diminished until they do, and tlien tho magnify- 
ing power will bo as before, in tho pToportion 
of the discs.” 

We have already made the acquaintance of tlm 
simple mioroacope — w hich is indeed simple ; ana, 
fortunately, our study of tho astronomi^^il 
telescope suffices for the understanding of tbe 
principle of the compound microscope which, in 
its simplest form, is one and tho same instru- 
ment. Hays JVofessor Tait : “The only difference 
is that the object, being at band, can be placed 
near to the object glass (still, however, beyond 
its principal focus), so that the real image 
formed is already considerably larger than the 
object, and is then still further magnified by 
the eyeglass,” 

Tbe Defects of the Telescope. The 

telescope and microscope as used today are not 
such simple affairs os this, but hero, at any rate^ ; 
we describe their principles. Such simple instru- 
ments have certain very decided defects, and in 
order to obviate these further complications are 
introduced. Let us see what these defects,, ore. 
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When we w’ere diecussing spherical mirrors we or microscope is mixed light, connistiug of rav'^ 
made the acquaintance of spherical aberration of a number of different ua\e lengths The 

We saw that mcident rays, somewhat remote difficulty that anses has already been alluded to 

from the polo of the mirror, are not reflected so m a paragraph in the last chaptK>r, < ailed the 

ad to pass through the principal focus, but only correction of dispersion As we have seen, 

so as to pass near it Similarly also in lenses, Newton concludetl from his expenments th<it 

the which strike them near the edge are not the amount of di^^pei ion is, for all substances, 
brought properly to the same focus as those proportional to that of the lefraction that 

which strike the lens near its centre Hence to annul the dispersion by any system of prisms 

^the image will bo blurred, and some thing has would be also to annul the lefnction 

to be done in order to counteract this defect Let ua now consulci the case ot a single Ion*- 

In the case of mirrors we <^aw that the difficulty In any given lens the lefractivo index vanes 

was got ovei by substituting for v mirror the aecorcling to the colour or wave length of tin* 

section of which is an arc of a ciulo, \ parabolic light Now the focal length of a lens cntiiely 

mirror, the section of which is that curve known depends upon its refractive index, and licncc 
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as a patahola Similarly, we miy ilUr the 
cuXvfttuie of a kns, but more commonly we 
employ combinations of lenses which coihjmii 
sate tor ach others defects Oi. agaui, wo 
may adopt, as is very often clone, the simplest 
pos ible device, which is to use a tnculai screen 
or diaphragm that simply cuts off all the light 
falling near the cnigo of the len^, w Inle pei milting 
the light which falls upon its moie central ])iit 
to pa«s through The use of a diapliiagm lo 
this purpose IS of very special interest, because 
^ery one of us employs tins means in his own 
w© wlien looking at a near object Sphciical 
Wjeiiation* then, is one of the difhcultieo which 
modern optical instrument has to lemeijiy 
^ "The Caiae of a Single Lens, But there is 
yet another difficulty^ which is called chromain 
of^erration ^Bemembef that the light which m 
employe4 ^ teledcopo 


though we havi talkicl of the focal length of a 
lens <is if it vveic* an inv iiiiblc cpiantity, the 
actual fact is thit it is a difjeient quavtitif for 
even/ wnu length of thf light that falls upon if 
One incl the s mu' Ic ns h is different focal lengths 
foi c uh lonstituent of the mixed or white light 
tint may fall upon it The rays at the violet 
ciul of tho spectrum arc more refracted than 
those at the other end —in other words, they arc 
biought to a focus first, while the red rays aie 
brought to a focus last Hence it is that at 
diffeient distances vve get different rings of 
colour round the image of any object looked at ^ 
In any kind of delicate work this is a very 
serious defect, and this it is that we mean by 
chromatic aberiaiiou— a necevssary defect of 
all single lenses 

Newton beheveci that dispersion and icfractiou 
are proportioxmlf and ^roforo that no com 
' 2069 
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bination of lenses could over remedy chromatic 
aberration without also doing away with the 
refraction and making them uscltiss. But 
the n)istakos of a great man arc far more, profit- 
able than thdT correct opinions of little men. 
The consecjuencc for Newton was iiurely that 
he sot to work and invented another kind of 
telescope altoget her. 

Newton’s Telescope. We shall be treat- 
ing the subject in the proper chronological order 
if we consider this new kind of telescope before 
we go on to show how, after Nijwlorfs death, 
there was discovered a means of obviating 
cdiromatic aberration in the manma' which ho 
had eiTonooiisly iironouneed to be imjiossible. 

Ntnvlon knew that, A\her(‘as light of various 
colours is variously refracted, it is not variously 
r(!/leeted. If a mirror be iwed Are do not there- 
fore have the dilliimity of chromatic aberration 
which occurs in tlio case of a lens. When white 
light is reflected by a mirror it remains Avbite, 
without any coloured rings. ^Pherefore Newton 
employed a curved mirror made of highly 
burnished metal, and brought liis light to "a 
focus by it instead of by a lens. The ilifficulty 
arises, however, that if we are to make any 
observations in such a case, avc should luiA^e to 
stand in our OAvn light. Therefore it plane 
mirror has to be used, and placed iit right angles 
to the axis of the eurveil mirror, so that it 
rellcots at right angles the light Avhich has 
already been reflected from the curved mirror. 
^'here is thus obtained an image, just as by the 
objective of an ordinary lelcsctipe, Jind* this 
imago is looked at and magnified by an eyepiece, 
just as in thc^ previous case, ^fbe interesting 
points for the student to leiucmber are llie facit 
that ehromatie aberration occurs Avilb lenses 
but not Avith mirrors, Newton’s belief that no 
•ombination of lenses could eorreet ehroimitic 
aberration, and Newton's conseipient invention 
' of tlio telescope Avhicb goes by his name. 

The remler Avill hardly need telling that the 
term “achromatism” is derivi'd from tAvo 
(Ircek woixls meaning n</i ami culout'. Now, 
NcAvton notAvithstanding, it. is jiossible to correct 
disjiersioii, Avhile still alloAviiig some refraction 
to remain, by means of prisms made of dilTereiit 
angles. For instance, the dispersion caused by 
a comparatively Avidc? prism of glass may be 
i*orrected by a much narroAver prism containing 
bisrilpliide of carbon, while the refraction is not 
entirely disjiosed of. Similarly, glass Avill cori’ect 
the dis})ersioM of Avater (the prism of the latter 
being the Avider), though some refraction still 
remains. Jt has been supposed that NcAvton's 
failure to get this result from ])racticaUv the 
very same experiment Avaa due to his use, in his 
water prisms, of lead, A\hich increases the 
dispersion of Avater. 

4 Discovery of the Achromatic Lens. 

The famous name in the history of this subject 
is that of Dollond, who poiformed Newton’s 
experiment oyer again, but obtained a different 
result. Ho discovered that, as flint glass causoB . 
a greater di8})ersion, in proportion to its ro- ' 
fractivo power, than crown glass, aehromatio 

' 4 %. 


or colourless magnified images can be obtained 
by using a combination of these two materials— 
a bi-coucave lens of flint glass with a bi-Oonvex 
lens of croAvn glass. Each of these had a very 
considerable aberration, but, by* “ trial and 
error,” he was enabled to adjust them so that 



their aberrations were (ujual, and, as their 
refractions Aiere opposite, the tAvo aberrations 
neutralised one another. 

The explanation of the achroniatic lens of 
Dollond may be otherwise stated.* As flint glass 
has more dispersive ] lower than croAvn glass, a 
Aveaker flint glass lens Avill cause as much clis- 
]Hirsion as a stronger crown glass lens. 'J'ho Iavo 
lenses neutralise one another on the score of 
dispersion, but the balance of strength on the 
part of the crown glass lens remains. Ifeiicc, 
the result is Avhite light, Avhich (‘onviTges as if 
it had come from a single convex lens eipial in 
strength to the actual convex lens of crown glass 
mmua the actual concave lens of flint glass. 
Su(!h achromatic systmns of Icuises are ahvays, 
nowadays, employ(‘d in any but the idieapost 
o})t ical instruments. 

Similarly, of conrs(% we can obtain achro- 
matic ])ri.sms. I’hese are made of flint and 
croAvn glass, similarly combineil. A narrow 
prism of flint glass corrects the dispersion of n 
much Avider prism of crown glass, but though 
lesseniug its refraction, doi's not altogetlK^r 
dispose of it. Such a combination, therefore, 
is equivalent to a single prism, equal to the 
ditferericn betAveen the tAVO mutual prisms, but 
proihices an ac^hronuitic or colourless result. 
The accompanying diagram sIujaas the achro- 
matic lens and tJie achiomatic prism. 

Cameras. The ordinary camera is fitted 
A\ith a lens or system of lenses Avhich are, in 
effei t. (ronvex, and Avliich form inverted images. 
Further, there is another kind of optical instru- 
ment which is usually employed in a dark room, 
and AAdiich therefore goes by the Italian name 
for such a’ room — camera ohscara. Here light is 
reflected from a mirror or a prism through a 
right angle, this being placed in the roof of a 
room. On its doAvnward path the light passes 
through «a converging lens, and is focussed on a 
Avhite talilo or a tabic covered Avith Avhite papei; . 
If the mirror in the roof can bo rotated ujion a;- 
Awtioal axis, it Avill admit light from any par# 
of the surrounding country or tow’ii. Like the ^ 
kinematograph, it gives, of course, a liviim^ 
picture, but it is the perfect living picture whiw^ 
our own eyes directly afford us, free from all*i 
jerks, vibrations, and other defects, 

C. W. SALEEBY 
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VarletUs of Cement. Natural an! Artificial Cements. Dry and Wet 
Piocesses of Manufacture. The Raw Materials and their Preparation. 

CEMENT MANUFACTURE 


Change of Lime to Cement. la 

speaking of limes, it has been shown that, owing 
to the presence of small quantities of clay in the 
original limestones, the resulting lime, known as 
hyoranlio lime, sets to a hard mass in air, and 
even under water. The hardening of hydraulic 
limes is brought about by a chemical process 
quite different from the induration of mortar. 
In the latter case the change is due to the con- 
version of calcium hydroxide into calcium car- 
bonate, but in the case of hydraulic limes other 
substances play a part — viz.^ the silica and 
alumina of the clayey matters in admixture with 
this type of lime. These substances, by mutual 
chemical reaction, fonn silicates and aluminates 
of lime after the mortar has set. 

If the t(‘raperaiurc of the kiln bo higher, the 
silica, in the course of lime burning, undergoes 
some sort of change ; it is converted into a more 
soluble condition than before, and is in a much 
bott(‘r position to reacd with the lime to form 
silicates when worked up with water. Conse- 

3 ucntly, a much harder- setting material is j)ro- 
uced than in the ease of hydraulic limes. The 
quick setting cements, of which Romm cement 
i-. a type, no long(‘r possess tlie characteristics of 
lime when mixed with water ; they do not slake 
and fall to powder. 

Portland Cement. Lastly, if we carry 
the burning to sneh a stage a.s to fuse, vitrify, or 
clinker the mass, we obtain a product resembling 
Portland cement, and differing markedly from 
all the liydraulie limes and quick-setting cements 
with which we have yet dealt. The older 
cement milkers realised the radical changes pro- 
duced by elinkcring. When preparing such 
cements as Roman cement, they wcu-t* careful to 
Id »k over and east aside as U'selcss any clinkered 
portions ; yet it m a curious fact that the 
necessity of raising the temperature sufficiently 
high fuse or clinker tlie mass is not ni'Mitioned 
by Aspdin in the original patent for tlie nianu^ 
fact ure of Port land cemen t . Hu bse<j iien t makers 
.>oon realised that they must aim at producing 
these clinkered lumps which they had formerly 
thrown on to the waste heap. In consequence of 
4 bo high temperature in a cement kiln, the silica 
and alumina present in the clay react with tlie 
lime in the process of burning, to produce sub- 
stances known as silicates and aluminates of 
calcium. These substances are able to combine 
with water to form hydrated silicates, wdiich are 
ha^ rock-like substances. 

The cement is dense and slow setting, and its 
power of setting and hardening under water is 
brought about by hydration of the silicates and 
aluminates-^that is to say, the combination of 
theseaub^ancos with wat^ar. It is now generally 


agreed that the setting of the cement is duo to 
the hydration of the calcium aluminate, while the 
subsequent hardening is brought about by the 
calcium silicate. 

It is an easy step to pass from a natural lime- 
stone containing clayey matter to an artificial 
mixture of limestone and clay which form the 
ingredients in the manufacture of Portland 
cement. 

Kindred Processes. We strongly advist* 
the student to make himself thoroughly 
acquainted with the course on Limes before 
tackling Cements. 

Limestone and chalk are the raw materials 
in both cases, and w^t* have not seen the neces- 
sity of repeating under Cements what we have 
already fully describi'd under Limes. Much ot 
the matter described in the Buiokmakino course 
will aLo bo found of use here. Thus, we 
described in that section the Hoffmann kiln, so 
much used in burning bricks, but also ad^j-pted 
for buming limo and (‘cinent. 

It is also instructive to contrast the grinding 
machinery used in the hrickmaking and cement 
industries. The principle of the wash-mill is the 
same in both, but when we com'' to grinding hard 
materials such as limestone or cement clinker, wc 
require a different type of apparatus altogether. 

Cement has licen described as a dry and dusty 
subject. A visit to a cement works will convince 
one of the dust. Wo shall, however, do our best 
to present the matter in as readable a form as 
possible. We should try to realise its enormous 
importance. CVm''nt is coming into use morn 
and more, not only in building the foundations 
of our w'harvos, reservoirs, waterworks, cte., but 
in <*onstruetive work, such as Portland cement 
concrete, ferro-eoiu*rt‘te, reinforced concede, 
and aitiKcial stone. The consumption abroad, 
('specially in the United States, is much higher 
than in this country, where it does not exceed 
one hundredweight per head. 

Cement used by Smeaton and 
Others. Before the discovery of Portland 
cement there were in use a number of natural 
cements similar to the hydraulic limes, which are 
nowadays mostly replaced by the cheaper and 
more efficient Portland cement. 

In the volcanic district in the neighbourhood 
of Naples there is found a sort of volcanic ash 
termed porzolana. This substance contains 
approximately 50 parts of silica, 1C of alumina, 
12 of oxide of iron, and 0 of lime. By mixing 
HO parts of lime with 70 parts of pozzolana, an 
excellent cement is pi^oduccd, resistant to the 
action of water. It was used in conjunction 
with lias limo by Smeaton for building the old 
Eddy atone lighthouse. 
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It will he seen that pozzolana serves to replace 
the sand in mortar, but that it differs from the 
latter in that it is capable of reacting with the 
lime to form a water-resistant material. 

Similar eeintmts have been made from so- 
called Trass, found in the Rhine district, and 
Santorin earth, from an island of that name in 
the (Ireek Archipelago. Ground brick may also 
replace sand, and its action is similar to that of 
the aubstam;c just mentioned. 

Natural Cements. Roman cement is 
a ^ nick- setting cement, closely allied to hydraulic 
lime. It is a natural cement, made by calcining 
certain roundid lumps of stone found in the 
neigh lK>urhood of the Isle of »Sheppey. Thc.se 
stones, termed “scplaria” nodules, lie embedded 
in the marl, just like (lint in chalk, and owe 
their origin to similar natural processes. jSee 
Gkology.] These nmlules contain, on an aver- 
age, 60 to 70 parts of ealeium carbonate, 18 to 20 
parts of silica, and 6 to 10 parts of alumina. 
'I'hoy are heated in conical kilns, similar to lime- 
kilns, and the burning is can*ied far enough to 
drive off all (he carbonic acid from the mass, 
hut not so far as to clinker it. The lumps are 
then finely ground. For use it is well mixed 
with about one-third its volume t>f water. It 
i^ets in from five to iiftcen minutes, and under 
water indcss than an hour. 

Another similar cememt, known as Afedina 
cement, is made from a stone foviml in the Isle 
of Wight, Botli those cements 8t*f rapidly under 
water, and where a very rapiil setting cement is 
required, they thus possess (lertaiii advantages 
over Portland cement. 

History of Cement. It may be truly 
said that Portland eemont was tlu; invention of 
an Englishman, and that England is the cradle 
of the industry. Previous to this wo have the 
discovery of hydraulic mortars by Smeaton, who 
used them with such sac<*css in l)uildiug the old 
Kddy.stono lighthouse ; wliile Vicat, the French- 
man, at the beginning of the last century, wa« 
probably the tirst to use an artituual mixture of 
clay and chalk in the place of clayey limestones, 
as found in the natunil state. The actual dis- 
covery of Portland cement ^ve owe to Joseph 
.Aspdin, a bricklayer in L/oeds, who took out his 
patent on October 2l8t, 1824. lie called his 
(‘cment after the celohratcd building-stone from 
the Island of Portland. 

Aspdin’s cement was originally made at Wake- 
field, and had already attained some notoriety 
before it began to be manufactured in the South 
of England. Here it eventually assumed enor- 
mous proportions. At the time of the Great 
Exhibition, in 18.51, it had already attained a 
foothold, and begun to replace tlje old Roman 
cement. A little previous to this its manufac- 
ture was taken up by .Me.ssrs. White & Ck>., of 
8wanscorabt\ on the Thames estuary, and after- 
wanlfl by an increasing number of firms in the 
same neighbo»irhood, until eventually the greater 
]^rt of the world’s production originated from 
Kent works situated on the lower reaches of the 
Thames and Medway. This is, alaa! no longer 
the although more cement is still made hero 
than in any other part of Etigland. 


Manufacture ef Portland Cement. 

The actual manufacture falls into three distinct 
operations, viz. : 

1. The preparation of the raw materials.' 

2. The burning of the cement clinker. 

3. The crushing and grinding of the clinkor to 

form the finished article. 

The General Treatment. It goes 
without saying that different materials will call 
for different methods of preparation, but the 
object will always be the same — viz., intimate 
mixing of the different constituents in a finally 
divided state. 

In the early history of c;cment manufacture, 
as we have already explained, tlie raw materials 
were invariably soft chalk and river mud. 
These could l>o best and most safely mixed in 
tlio wet state. Both contained a considerable 
amount of water in the natural (jondition in 
which they w'cre found, and w'cre soft enough to 
be w'ashed out easily by a further quantity of 
water, leaving stones. Hints, and other impurities 
Ix^hirid. Later on, as the dimand for cement 
inercased, it w'as found that equally good 
cement could be made from a great variety of 
other materials ht‘sidcs chalk ami river mud, 
such as marl, different kinds of limestone, 
whether hard or soft, in* conjunction with 
different sorts of elay, either gault clay or the 
various forms of shah* and slate. Any of thi se 
raw materials can be used, provided that the 
chemieal composition of tluj ingredients at 
hand niakes it jiossible to produce a mixture of 
the proper compovsitioii, and further assuming 
that the raw materials do not contain dangeroius 
constituents — such as magnesia, sulphuric acid, 
etc.— in such quantities as to affect the soundness 
and quality of the cement. 

Wo may here intuition incidentally that of 
late years another raw matt»rial has been lai'gely 
used in the manufacture of Portland cement — 
in this case, not a natural stone, but a waste 
product — viz., the slag from blast furnaces, 
which contains the three necessary ingredients — 
lime, alumina, and silica. 

The difference in the nature of the raw 
materials as tlicy an? received in tlie factory 
naturally leads to different methods of treat- 
ment, and tliese arc teclinically known as the 
<Jifferont processes. Strictly speaking, there are 
a very great- number of these, but in a general 
way they may ail be classed under two heads — 
namely, the tvH and rfr// processes. All the 
others can l)o considered as falling more or less 
under one or otlier of these processes, or a 
combination of the two. 

The Wet Procese. This method consists 
in washing the raw mati^rials together into a 
thinner or thicker “ slurry,” and is, as a nilo, 
only used in those cases where the raw material# 
are of such a soft nature that washing can bo 
done by a simple apparatus called a wash xfftn. 
assisted afterwards by a grinding apparatus to 
reduce the slurry to a high state of sub^ 
division. It may, however, be mentioned hero 
ihat the wet process has also been used with 
harder materials^ requiring “ edge^runner . 
mills to disintegrate them. » 
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In the early days 'of cement manufacture the 
Wet process was exclusively (‘mployed, and a 
very considerable amount of water was used 
for washing the materials. The slurry was 
consequently very thin, and could be led through 
a system of channels, in which the coarse 
particles settled to the bottom, and were thus 
eliminated ; whereas the line, thin slurry 
was run into large settling “ backs,” or reser- 
voirs. Here the cement material would gradu- 
ally settle, and the water could be got rid 
of, partly by draining it off and partly by 
evaporation, so that after two or throe months 
the cement, raw material, or slurry, had 
assumed the form of thick sludge, somewhat of 
the consistency of soft-soap, and in this shape 
was taken to the kilns to be burnt. 

Improvements in the Wet Process. 

Nowadays a more direct process has 
boon very generally adopted, especially in 
England, by which llu^ quantity of water re- 
quired is greatly roduot^d, and a thi(;k slurry 
formed, wliicJi can la; pumped direct to the 
drying floors, so coiistructod as to utilise the 
waste heat from tlu^ kilns. The original system 
is known as the (loreham process.” 

Making Slurry. In either case the 
apparatus usually adopted for rctlucing and 
mixing the mat<u*ials is the wash mill [IJ. 
'riiis (umsists of a brick-built basin of circular 
or octagonal sliape, about 0 ft. deep and 12 to 
20 ft. acioss, partly sunk into the ground, witli a 
brick-built pier or block of masonry (A) in the 
centre suj)porting the machinery. This consists 
of a driving gear ( B) attached to a vertical shaft 
((->’), supported at the lower end by the pier, and 
provided with a number of horizontal arms, 
termed ‘‘ channel " or “ angle ” irons (DD). 
Cr(»ss harrows (EE), with renewable steel tines 



2. SMlDTlt-S WASH MILLS 


, or metal bars (KK), are suspended by chains from 
the arms. The cross is made to revolve by the 
.(drivitig gear, and drags the harrows round in the 
mixture of raw material and water. By the 
tearing and rubbing action the raw lumps are 
grad uaHy. disintegrated and washed into sluiTy. 


To ensure regularity of >vorking, means must 
bo provided to regulate tlio quantity of water 
added, bo that for a given weight of raw matt rial 
tipped into the basin a corresponding quantity 
of water is admitted. 

The slurry, as a rule, leaves the wash mill 
through a grating let into one of the sides of the 
mill, and the openings in this grating will, to a 
certain extent, ensure that the slurry possesse.s 
a uniform aegrec of fineness wlien it leaves 
the mill. 

Removing Stones 

The wash mill also 
removes stones, whiidi 
occur naturally in the 
raw mat (‘rial, as they 
wdll not bo 
disill teg- I 
rated by 
the action 
of the mill. 

T h e s e 
stones — 


from the Slurry.^ 


-T.jc:z 


ili 




1. SKCTION OF A WASH MILL 


such as Hints from chalk, etc.- - collect at the 
bottom of tlu5 basin, and can lx* pmdodicaUy 
dug out and removed. 

As the ston(‘s continually accumulate while 
the o|H*ration is in progniss, the harrows must, 
be gradually. lift(*d up by shortening the 'chains 
by which they are susp(‘nchd, so as not to 
work with the tines in the accumulation of 
stones, oth(*rwiso there would be undue friction 
and e.onsideraV>le waste of powt*r. 

The wash mill must, of course, be stoppi'd to 
lift the hawoAvs and to nuiiove the stones. 

An improved form is Smidtirs mill |21, which 
is so arrangi'd that the wdiole cross wdth the 
harrows suspended from it (.‘an be gradually 
lifted by turning a hand wlu'el. In the illustra- 
tion two wash mills are shown. They are, 
further, built on arch( s entirely above ground, 
and at such a height that tip-waggons can go in 
under tln m. In the bottom then* are openings 
provid(*d with doors, wdiieh open downwards. 
By opening those, thc^ storus which hav’o 
accumulated in ths wash mill can bo emptiixl 
out wu’th the assistance of the harrow^s, whinh 
slioiild be lowered to such an extent as to 
scrapj* tJu* stones to the openings. In tliis way 
the wash mill can bo cl(*!ined out in a few 
minutes instead of being put out of action for 
several hours. Fig. 2 illustrates this tyja^ of 
wash mill. The tops of the horizontal revolving 
arms can just be seen. 

Chalk Lumps in Slurry. In modern 
practice, when the slurry is thick, it is necessary 
to grind it in order to get it fine enough. As it 
comes from thi^ wash mill it may contain 
“ nibs,” or small lumps of chalk, and if these 
are allovv(Hl to remain without being rediioed 
and thoroughly mix(*d with the clay, they will 
be converted into free lime in the process of 
burning the clinker, and the resulting cement 
wdll he unsound. With few exceptions, tlic only 
machines which have been used for gidnding 
the slurry are millstones of the ordinary type, 
the slurry being pumped in through an opening 
in the centre of the top and in many 
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fftciorios several consooutive passages through 
the stone being deemed necessary to get the 
slurry fine enough. Of late years, however, 
the tube mill, adapted for wot grinding, has 
come much into favour. This mill is practically 
the same as the tube mill for <lry grinding, 
which will be described later on. 

The Dry Process. This process can 
bo used for practically all materials, but is most 
often used with thos ' which arc too hard to be 
treated in tlw wash-mill. The raw materials 
are ground and mixed in a dry state ; they arc, 
with a very few t" i 

exceptions, arti- 

be 


hcially dried 
fore* grinding, 
Drying Raw 
Materials. 

Unless the raw 
materials are ab- 
soliHcly dry as 
tJicy are brought 




^ 
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3, DRYING DRrM 


into (ho factory, an artificial drying is necessary, 
because it is practically imposaihle to grind a 
material containing moisture to a i<*ally fine 
powder. E\(‘n a very small <piantity of water 
will give trouble by coiuU nsing in places wliere 
it comes into contaft with cold metal, and will 
form a sludge with the dust, which will gradually 
accumulate and clog the apjiaratus. 

The drying has, m many cas ‘S, bciui done on 
dicing Hats — that is to s<vy, floors often covered 
with iron ])Iatos and lioatod from below. [See 
illustration of Anderson kiln and chambers.! 

In modern practice there aic, howt’vor, only 
two methods commonly employed on a large 
scale. 

The Drying Drum. The first of those 
is the drying drum, consisting of a cylinder 
heated from inside or outside, or on both 
sides, and through which the mat ('rial slowdy 
passes. The drying drum cun either be 
placed at an angle to induce the material to 
pass down it, or it cjan be proMded wuth ribs 
or projecting plates jilaced along a screw -line 
inside, so that the nitciior sonicwluit ivscinbles 
an Archimedian screws AMth the centre cut 
aw^ay. The simplest form of drying drum m 
one used in conjunction with the rotary kiln, 
ft forms a continuation of the kiln itself, and is 
heated in a simple manner by the w^asto heat 
from the kiln passing through the dryer on its 
w'ay to the chimney. Itesidi's this form of 
dryer there is an endless variety of designs, 
some consisting ot only one cylinder, and some 
of two or more inside each other. Others are 
divided longitudinally into cells, to increase 
the drying ca}>arity. Tlmy either utilise the 
waste heat in some way or other, or are pro* 
vided with a special furnace fitted with an 
artificial draught produced by means of a 
blast fan. 

As an example of this type of dryer, we give 
an illustration [8]. J n plant of this construction, 
the stokehole B is so arranged as to be undet 
aif pressure, and the air forced in by a larg 9 


by the arrows, and tdrccs' the hot jh tbie' 
direction as shown, passing first putside 
drying drum and then back through the inside^ 

< finally leaving through a chimney placed above ' 
the opposite end of the drum, at K* The drum 
revolves, driven by the gearing shown at H. , 

Hi 

Drying Kilns. The other form of drver^ 
referred to above is the drying kiln. Thi#,* 
again, can bo built in many difTerent formii. * 
One of the best, especially in respect to the 
economical results obtained, is the Smidth 
drying- tower. Wo give a section illustrating. 
tJie action of this dryer [4]. In 5 is shown 4^ 
typical drying- tower, one of many in use in 
English and foreign cement works. The drying 
tower is a vortical brick-built kiln of slightly 
conical shape. In the interior is a brickd)uiU 
dome with perforated sides, conneidod at the 
bottom with a furriaoc wuth smokeless com- 
bustion — that is to say, producing heated gases 
free from smoke to avoid contamination of the 
raw” material in the kiln. The furnace is 
operatcfl und<*r fruved draft witii air driven 
in by a fan. Cold air is also admitted by 
anotluu* channel and mixed with the hot air 
from the furnace as it passes on its way to the 
interior of the lower. The blast from the fan 
forces the hot air in through the dome, and dis- 
tributes it evenly throughout- the charge in the 
kiln, which fills the space betw^een the dome 
and tlie lirickwork. Around the base of the 
latter are a number of doors, through which the 
dried ma((‘iial tails by gravity, and the tOAver 
IS kept constantly full Avith material put in at 
the top. A chimney or Hue leads from a x>oint 
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in the upper part, and the spent ait laden withw, 
moisture escapes through it. ’ 

A drying tower of this type can be 
large scale, and has a very considerable. 


Ian (A). From the stokehole the blast passes ^'^Itigquiteeasy to build a tower, to heat 
ttte furnao^O,in the direotioa indioA^^^Of raw nuitAnal ^ontj^jfotur 
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there is practically no labour connected with it 
beyond stokinij; the furnace. A tower like this 
can be used for drying 
materials containing uj) 
to about 25 per cent. /X 

weight of moisture. (/ /-j=^ ' A 

The amoiipt of ^ // U U 

mater i a con - 

pound of 0 SECTION OF A JAW CKUSHEB 
coal burnt. ; 

whereas, when the material contains up to 25 
per CMUil. of water, the lower will evaporate 
8 Jb. of water for every pound of coal burnt. 

Crushing, fn castes wIku’c the raw materials 
are dried in revolving <lryers. they liave, as 
£t rule, to crushed Ixdore passing into 
the dry(‘r, but wdiere drying kilns are ust^d, the 
materials ‘ are gemually dried just after they 
come frmn tlu*. quarry. The large blocks aro 
takiui directly to a “ jaw crusher,” before going 
to the mills for further treatineni. Fig. 6 sliows 
a s(‘(?tioiuil diagram of the most modern form 
of such an ap[)lian<M\ TJie framework of tlic 
macjJiine is in one piece, cast in stecJ, and very 
strongly const rue.led, as it has to statul a 
consid(Table strain. The machim^ is provided 
with fly wh(*els (A) and driving pulleys ( B). 'I'li© 
material is fed in at- C, between the two jaws, 
of whicli one (1)) is fixed, and the other (E) swings 
to and fro, being f)i voted at F. The axle |K] 
carries an eccentric rod, whi(.*h actuates tlie 
jaw E by mt'ans of levers. The machine is 
generally placed entirely underground, with a 
shoot leading down from the lloor level to th(5 
moutli of the crusher, and a })it under tho 



crusher with an eley«|,tor taking away tho 
crushed material aa it li^vos the machine at M. 


[Compare plant used for grinding clay in Bri^k- 
MAKINO, page 1800 ] . 

Grinding. As already mentioned, the dry 
process is principally used in connection with 
hard materials, though such soft suhstanec's as 
chalk and gault elay may, witli advantage, he 
treated in a similar way. When w'orking with 
softer materials of this nature, mi list ones a-r<^ 
often used for grinding, and more especially the 
bottom runner millstone has Ikhui found best* 
adapted in such eases, 'i’his form has the 
advantage over tlu^ ordinary, or top runner 
millstone, in that thc^ material during the grind- 
ing rests on the revolving stone, and conse- 
quently is moved out from the centre by cen- 
trifugal force. This relievos tlie stomps and 
increases their output. A machine of this 
type is shown in 7. Tlu^ material passes to 
th(‘ autoimiti<' feed by the hoppeu* A, It passt's 
down the middle, and then bi^hvcen the upper, 
or stationary, and loAvor, or r<‘volving stone, and 
out at B. The lower stone* is iixed to th<^ axle FT, 


hung up orj a toe at tho bottom of an iron tube L. 

This tube is raised or low'ercd by 
\ / turning the nut M, threaded to lit 

V ' V\ upper part of the tube L. The 

— ' I' , ^ axle H is aertuated by the cogs 

Ev(‘n with harder materials 
[ I under-runner millstone is 
Bometinu'S usc*d, but the harder 
\ T”^ the material and the finer it 

’1, 1 p.-. lias to bo ground, tho 

^ I It greater will be the power 

consumed by this 
^ ij^v/ I machine, as tlie stones 

' 1|Il "" ^ havv^ to be pressed very 

yia tightly together. At tho 

7 . .SECTIONAL DIAGRAM the output of 

OF MILLSTONE oach mill will bu very 
much reduced. 


Edge-runner mills have also been used a great 
dt‘al. Tht*y are heavy whecds of stone or iron 
running round on edge- in a circular pan or 
trough, and crushing tlu? material by tlicir 
Aveight. I A description of this form of maohino, 
such as is used for grinding clay, will he found 
under J^kickmaking.] Runner mills are, how- 
ever, not very well adapted for really fine 
grinding, and tiiey aro clumsy machines for 
hard brick or clinker, requiring much power, 
and suitable only for a fe.w sjiecial cases. 


Modern Methods. These pulverising nia< 
chines ar<‘. arranged to linisli the grinding in 
one operation, but for hard materials we may 
economise power by dividing the work, using a 
separate machine, for the preliminary, or ooarsc 
grinding, and another machine specially adapted 
for the finishing, or fine grinding. 


Ball Mills- For tho first operation of 
coarse grinding, ball mills are almost universally 
used. This machine consists of a drum revolving 
on a horizontal axis, and containing a numbet 
of heavy, hard steel balls. The periplicry, or 
inner surface of the drum is made up of stejis 
and as tho balls fall from step to step, they 
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pound up tlu lumps of limcstom or other 
nuttrial Fjg 10 shows th< mill Ju section, and 
8 gives an outside \rv\ 

In the ordinirv hill mill the steps firt formed 
of 1 numixr of plites j)roj<cting one ovci the 
other Those stepplitos au proxided with 
heav^ Steel linings, and eaedi is htted wnth a 
number of )Krloiaiions through whieh the* 
pirtlv erusheel mateiial falls out on to the 
screens The line pirt drops out into tho 
hoppei shaped eliist t esing indie ated in the 
sectional dngiam wheie is the eoirse paitieks, 
whieh lie retained on the Mietns diop bade 
through the holes in the steps into the inteiior 
of the mill igiin as it j(\ol\<s 

The seieens iic gene i ill\ nude u|> of thieo 
paits a stiong phte with slots oi holes, 
seceuiclH, a eon sc stedvMic scuen anel listl> 
e>u I side these <i wiit Kcieeuofhnt mesli 

The matciial is fed in at tlu centre tlnougli 
a hopper, and is elisehiigeel thieuigh tho pei 
foiations 111 the step pi ite s 

Ball mills oi this eJeseiiptiem aie use el onlj as 
prelnmnaiv 
eovrse guild 
ers, tho hn 
1 s h 1 n g Oi 
fine grind 
mg, being 
erteete*d by 
the tube 
null, whie h 
is spceiaUv 
ad iptoel foi 
this puiposo 
(seep 2077) 

Improved 
Ball Mill 
An 1 in 
, prove el fenm 
of ball mill 
IS the land 
halt ( orn 
minutoj oi 
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Kominor [9) This diffeis con- 
siderably from the oidmary ball mills Fig 11 
show^ a scetion of the_ mill and it will be seen 
^at the mate ml enteis A at the centio at one 
wde e»f the mill the discharge taking place 
through slots at P at the) opposite end Tho 
matenaJ, aheaely paitly enished by ste*el balls 
lalhng over the steps O, passes out at and 
then back again along the whole length of the 
and which arc built shghtly 


in shape, and the residue, which is not fine 
enough to pass thiough the sereens into tho 
outer casing M, is hfte el up it the inlet end and 
dropptel back again through tubes A into the 
mill, tog< ther with tho fresh material which 
enteis at the same time 

The cylineler CD and screens fixed to tho axle 
B revolve slowly ac tinted by the pulley L and 
cogwheds K and H 

comi>arid with the old ball mill this typo 
his sevtril ])omts of adv iiitag^ bust of all, 
the eonstiuction ot the mill w mudi simpler, 
as the bexly is a ])liiu diuin, tin ciicumterenco 
being built of a single solid phte The steps 
aie loriiieil hy «te d e istiiigs bolted em tho inside, 
as it D iiiel easily uiiewible Tho guild mg 
tction of the mill is improved, as the mateiial 
js foieeel to piss the entuo length of tho drum 
befoK it fills on to the sieves whereas m tho 
old bill null liiger jiiilieles m\ imbly found 
their wav through tho elilkrent disdiaigo 
holes and vveie eonstmtly tilling ou tlio 
sieve , to be letuined again to tlu mill 

riu Komi- , 
noi IS a very 
e Hu u nt ina 
c hme The 
Ingest si^e 
IS m uh to 
take ae haige 
of 3 tone, of 
steel balls, 
i n d the 
capuity of 
the machine 
will be about 
6 tons per 
hour when 
used for 
p r elimmary 
gimdmg of 
o r d 1 n a r y 
hard inne< 
stone to such a fineness that tho particles will 
pass thiough a seitin of, say, 20 meshes pot 
hneal inch 

Method of Mixing. We now come to 
another and voiv important step m the mauu^ 
factuie— , mixing the i aw materials^ 
some factories, by working ynth vo 
of imvoiying it 

sibje^ veigh the wisr ^atenAw m thi 

belforp 
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diyiiiig» and simjjly to mix tliein together in this 
«tato. But, aa a rule, tlwy are kept separately 
during the drying, erushing, ami preliminary 
grinding, because it is much easier and more 
accurate to weigh them in tlu? proper proportions 
aftei’ these operations. In those cases, especially 
where the raw materials vary eonsidt^rably in 
composition, it got's without saying that largo 
quantities of eaiih mate- 
rial get mixed tci a 
eertain extent by ])ass- 
ing through the dif- 
ferent processes of 
(trying, (pushing, and 
preliminary grinding, 
and an average com- 
position has ah’cady 
been obtaim*d to sonu‘. extent before the actual 
mixing operation bi'gins. 

Mixing Bins and Extracting Worms. 
As tliis careful mixing is of the very greatest 
importance, mixing bins are commonly used 
to make the raw materials as far as possible 
of a uniform average eomjjosition. 

These mixing bins are generally built of brick- 
work or concrete, and consist of large vertical 
compartments fittcMl with extracting worms ” 
*at the bottom, convoying the material to <dc- 
vators, and Ihem^e to “ distributing worms ” at 
tlie top. 'l’lu‘se worms are attached to a shaft. 


drum revolving on a horizontal axis. Fig* 12 
shows a section through this mill. It will be 
seen that the feed is at the centre of ou<i end, 
and is, as a rule, a(;tuated by meanVof a worm, the 
speed of which can be regulated at will, Tlu? 
cyliiid(*r is half tilled with hard Hint pebbles 
m; grinding balls of other imitiuial, such as iron, 
porcelain, or stone. tinely ground product 

is discharged from the 
mill at the opposite end, 
at the periphery, through 
a systcun of slots or .square 
holes (a>vert‘d with grat- 
ings, and tlio finished 
material falls into a 
hopper -shaped dust 
easing, from w h i e h 
it is tak(‘n away by mc‘ans of a worm or 
elevator. The material ‘‘ flow's ” through thi‘ 
mill by gravitation, and as it is expo.sed foi‘ 
some tiuu^ to the rubbing and cnishing action 
of innumerable' Hints or grinding balls, it wrill 
be ground to a very r(*gular degree' of fineness. 

Capacity of Tube Mill. The* teibe mill is 
a machines of very larger capacity and output. 
The biggest maedhne^ built will take; a charge of 
about It) tons of Hint pebble s, and will grind 10 
tons an hour of ordinary raw material, such as 
hard limostom*, to the usual degree of fimmess. 
The grinding i.s .so oonqileHo that 94 to 95 per 
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revolve in a tube, and re.semble in eoustruetion 
an Avcbimediaii screw. By tlicir iiction they 
push the powdered inat(;rial along the tube, 

>Separate; mixing bin.s are used for each of the 
raw materials, and the weighing and mixing 
are done aft(‘r the^ materials have f)as.sed through 
the bin, and the composition of each has been 
equalised. The weighing is generally done 
by coupled automatic weighing machines, 
which w^eigh the correct pro)>ortion of each 
material, and discharge them together through 
a set of regulating worms. 

The Tube Mill. The mixed raw materials 
>r^then passcnl through the fine grinding- mill, 
iii'^raodern practice this is almost invariably a 
tube mill. 

This machine [18]- was invented by Mr. 
Davidkm. It consists <4 > . long/* cylindrical 



TUBE MIU. 

cent, will pa.ss through a sieve with 180 meshes 
per lineal inch or 82,400 holes per square inch. 

Fig. 13 show's a 1-uIk* mill of the largest size 
constructed for grinding raw rnaUirial in cement 
works. The tinely ground raw^ materials are 
technically called raw tnenl. • 

It is advisable, in order bettor to secure at 
this stag(' absolute uniformity of composition, 
to introduce mixing bins for the raw meal, 
similar to tliosc^ mentioned above. They are 
provided W'ith extracting worms at the bottom, 
elevators and discharge w^orms at the top, 
through which a largo quantity of raw meal, 
in addition to the quantity necessary for the 
furtlwH- nianufactuix>, is constantly circulated. 
Various combinations of the wet an<l dry 
processes have also been put into operation. 

Clayton Beaols and H. P. Steven.s 
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Development of Brains. Horns and Antlers. Skin, Fur, and 
Scales as Armour. Various Uses of Colours. Other Ornamentation. 

WEAPONS & COLOURS OF MAMMALS 


T he backboned animals which first dominated 
the land wore ami)hibiaii3, now repvest^iited 
, by newts, salamamlers, frogs and toads. loiter 
bn these werc^ supplantecl by a branch of 
their own stock — reptiles which adaptetl them- 
Bclves to all sorts of condit ions, and presented a 
groat variety of grontis, most of which are now 
entirely extinct. Th<^ members of this class in 
their turn yielded to mammals and birds, both 
of wliieh are ini pro V( ‘merits upon the remote 
reptilian an<!estors fi'om which they have 
un(U)Mbtedly sprung. 

« The Blood of Reptiles. Q*ho success 
of both birds and mammals in the struggle for 
existence is primarilj^ due to tlu^ fact tliat their 
circulatory and breathing oi’gans hav(' become 
c-xtrenu‘ly efficient. The latter purify the blood 
very thoroughly, and in the forim^r there is no 
mixing of pure ami impure blood, as in amphi- 
bians and r(‘[)tilt;s, Avhioh are both greatly 
handicapped by this eircumstance. TJiey have, 
in fact, only partly succeeded in adapting the 
tisli tyf)o of blood-circiiliition they have itiherited 
to the conditions that, obtain on land. The 
advantage which birds and mammals have 
gain(‘(i in the directions indicated means incrt'ased 
cneigy. enabling them to cope u<lvantagcously 
with competing lower types. 

Mammals, again, have b(*(!omc spctaally fitted 
in several ways for hofh otfciisive and defensive 
warfart*. All but the spiny anf.-eater and duck- 
billed platypus- now on tlu^ way to extinction- - 
have abandom'd the primitivt^ device of egg- 
laying, their young being born alive.” Paren- 
tal (Jare afti^r birth gives the young animals a 
good start, and the milk dii't [M-ovideil for them 
obviat(‘s many difficulties as to feeding. Kven 
tli(? primitives mammals just merit ion<‘d show 
greet solicitiuh* in the care <if their young, and 
possess milk-glands. 

The Value of Brains. ^ An even more 
important advantage gained by mammals in 
the coni-se of evolution has bemi the devcloj>- 
. im nt of a relatively large brain, which is corrtv 
lated with mnrkt'd intt'lligence, a leading factor 
in th<5 struggle for existeiiet*, and a concreto 
illusii’ation of the pnnciple that ** the race is not 
always to the swift, nor the liatile to the strong.” 
Man himself is, of course, the most remarkable 
example of t-liis, while, on the other hand, there 
are certain extinct groups of inamrnals which 
have become extinct because their brains did not 
develop to a sufficient extent, and which have 
. iperished, so to speak, from sheer stupidity, 
f . l^reservation of the Weaker Orders. 
Coming now to special methods of defence 
.. among mammals, we find that among the weaker 
orders, such as the Gnawers (Rod^nUa), great 


fecundity largely (uunjionsales for disabilities 
in other direi^tions, and jireveiits many species 
from becoming extinct. The rabbit has b(‘ec)m(‘ 
proverbial in this respect. Many, too, of the 
ill-defended forms hav(‘ adojUed modes of life 
Avhich have reduc<*d the pressurt^ of competition. 

Some- of them have taken to burrowing, others 
have become aquati(% still others are arboreal, 
and bats have developed organs of flight, 

Afany mammals are in th(» possession of more 
or loss effici(‘nt weapons, which stand their owners 
in good stead in tlu^ event of .attack. Some of 
thes(‘. such as the shai‘p teef h and claws of the 
cat-like types, arc primarily offen^^ive in character, 
but st'rv(‘ eipially well for the other purpose. And 
in veg«‘tarian forms w'c find a gn^at vari<‘tv of 
weapons which ar<‘ primarily of use in what may 
be termed aictive defence. A good instance is 
affordinl by the formidabh* tuslvs of thi^ elephant 
and wild boar. 

Horns. Actively defensive weapons art^ 
also the horns and anth‘rs of many speiaes, of 
which a great varit‘ty are 1o be found among the 
Hoofed Matvimads. One type is that jiossessed 
by the Indian buffalo, the .Vmerican bison, 
oxen, she(‘p, goats, and anteh)pi's. There are 
h(T(‘ tw’o bony outgrowths from the top of the 
skull, c<)vered by horny slu'aths of varying 
sbapi*, the sharp points of which are well 
calculated to meet attacks. Those of the sable 
anteloi)e of Africa, for example, sometimes 
t‘nable their posses.sors to transfix an aggri'ssive 
jion. In antelopes those \vi’a])oiis are n(‘arly 
always limited to the males. 

Antlers Indicate Age. The antlers 
of deer, also possessed by the mah* only, except 
in the reindeer, as a g(‘neral riih* arc of v<^ry 
different eharaefer. b(‘ing bony outgrowths from 
the skull, which are shed annually, and in many 
eases become mor(‘ eomj>le.v each year, thus 
.serving as mi indication of age. 1 hi til their full 
size is attained they are eo\eri*d with soft, liairy 
skin, the “ velvc't,” after which a projecting 
ridge, the “ burr,” growls out at the hmc of the 
antler, and stops the circulation of the blood 
ill the .skin-layer, so that it dies and peels away, 
and the antler itself, deprived of its nourishnif'iit, 
becomes dead bom*, to be east off later. Being 
in.sen.sitivc‘, it makes a particularly servic(‘able 
weapon. Antlers, however, are not merely 
used in active defence, but also in the annual 
fights w'hich take ]>lace between the males for 
the possession and holding of establifthmonts. 

The Unicorn. Tho curious epidermal 
horn or horns of a rhinoceros are formidabh* 
weapons of ffuite a different kind, which, like 
the paired horns of oxen and otlier animals, are 
not periodically shed and renewed. The cmible- 
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matio “unicorn” was probably founded upon 
imperfect knowledge of the Indian rhinoceros by 
someone possessed of a lively ima^nation. In 
one of the dolphin- like Itetacoa living in Arctic 
seas, the narwhal {Monodm), a long ivory spear 
marked with a spiral groove projects from the 
snout of the male, and was at one time considered 
to bo a “ horn.” In reality, it is a much elon- 
gated incisor tooth, comparable to the tusk of 
' an elephant; soinrtimcs, though very rarely, a 
pair are present . 

Armour. Mammals often ])ossess structures 
which, being used in passive df'feiiee, may be 
grouped under the heading of “ armour.'’ The 
skin may b(‘ very tough and tliick, as in the 
<'lephaiit and rhinoceros, or the fur may be so 
dense as to bo a protection. ^J’he excessive 
devclopjuent of hair on the head snid neck of a 
lion very possiI)ly serves to guard the throat 
in lights with oth(*r males of tin* same species. 

Spines. In several orders a number of 
hairs aro transformed into spines, \\hieh help to 
ward oti attacks. Examples are afforded by 
tho spiny ant-eater {Echidna) of Australia, the 
hedgehog (Erinareua), and the i»oreupine (////.w- 
Irix). Almost everyone living in tin* country has 
probably observ(‘d the way in which this chemux- 
de-JrisG is displuye<l to the iw'st advantage by an 
alarmed hedgehog when it rr»lls itself into a ball, 
and remahrj motionless until the danger is past. 
A [)owei*ful Iay(‘r of innsele in the skin r(‘ud(‘rs 
this ])ossiblo. 

Among M\mmals Voor in Tkktii {Edcnlafa) 
wo find both scale and filate armour. The former 
is alT<*cted by the pangolins of Africa and Asia, 
in which the body is dt*fendod by horny, over- 
lapping scales. In the armadillos of South 
America tlmre are bony plates in the skin wdiich 
serve a similar purpose k:>ome of these en'iitures 
are able to roll up like hedgi'hogs Other special 
mothoda of defence are included under the next 
heading; and wt* may here noti* tlu* great powers 
of s])i*ed possessed by many hoofed animals, 
their gregarious habits and their powerful hoofs; 
all contributing to foil or r<‘p('l attacks Some of 
them set S(3utinels while the }i(‘rd gra/.es, to give 
notit'o of approaching danger. The iiower of 
ruininatiug, or chewing the* cud," which some 
of them have acquired, has already bet'ii men- 
tioned as a protective habit. 

The Colours of Maoinqals^ As r<*fer- 
enco will from time to time be made to animal 
colouration in coniu*oiion with various groups, 
it. may he well to give a genend classification of 
colours and markings, to bo illustrated for tho 
jiresout by reterenee to mammals only : 

1. Ihoteetive Colouration, (a) (Jenoral ; {h) 
special. 2. Aggressive (louration. (a) General; 
(b) special, ll W^arning (Vdouralion and Mim- 
i<*i-y. 4. Courtship Colouration. 5. SignuHing 

('juration. (>. Keeognition Marking&h 
Vrotectiyc colouration is of such a nature that 
it renders its owner inconspicuous, and therefore 
more difficult for foes to discoA'pr. When it is 
“ijoneral,” the result is a harmonising with 
surroundings of which the animal so protested j 
appeal to fpirm a part. This is why the upper 

im 


side of tho body is so often darker than the unden 
a sort of “ reversed shading,” wMhh takes away 
from the appearance of solidity^ / No better 
example could be taken than tnat of the 'wild 
rabbit. A less familiar example is that of the 
rare okapi. „ ^ 

Summer and Winter Dresses of 
Animals. In countries where there is a marked 
difference of temperature between summer and 
winter, some mammals change the colour of 
their fur. The variable hate, for instance, 
whhdi ranges east from Ireland and Scotland to 
tiapun, has a flark summer and a white winter 
coat, the difference being Tuost clearly markeid 
in the* northern part of its urea of distribution. 

Protective colouration is “ special ” when it 
brings about a resemblance to some particular 
inanimate object. A .squatting hare, for ex- 
ample, looks very much like a clod of earth.* It 
is said that the two-tot‘d sloth of South America 
pre.seiits a striking resemblance to a lichen- 
covered bough, brought about by its dull, rough 
hair, on which a small green alga grows ; and in 
OIK* 8pt‘ei(*s there is an oval brown [lateh between 
the shouklers, which suggests the broken-olf end 
of the sham bough. , 

Ermine a Winter Dress. Aggressive 
colouration Is of much tho snim* cliaraetiT as tho 
preceding, but its purpose* is different, for it 
emables llesli-oating forms to esea])e the observa- 
tion of th(‘ir prey, d’lu* tawny hide of the lion 
and the spotted coat of the leopard are* eases iii 
point, and so is the v\hitf* fur of tlie I’olar bear. 
TIk'ih* may also lx*, us b«‘fore, sumnuT ami winter 
coats of dilT(‘r(*iit colour. Our native stoat 
{Pntoruis erminea). for instance*, has a reddish- 
lirowu bae k in summer, while in winter- in north 
Scotland it tuins white*, ("cce'pt that the tip of 
the tail remains black. This winter elress is the^ 
source of the* valuable fur ea!U*d “ t*rmiiK*.” 

Warning colouration is of such a kind as to 
make its possesMir ve*rv conspicuous, and may be 
take'll as an advertisem(*ut ol nn])leasaiit proper- 
ties, which only a particularly hungry enemy 
would e-are to face*. The common badger {Meles 
faxua) bf'leings to an (*\ il-smelling group, and here 
the ujipe'r side of the body is light-coloured, 
contrary to the general rule. Tho American 
skunk {Mephitis sufjocans) po.sscsses glands from 
which it ('an sepiirt out an irritating fluid of 
indescribable odour, and this properly is adver- 
tised by a wdiite back and a largo, bushy w’hite 
tail, which £H*rvea as a “ danger flag.” 

1’ho term “ mimicry ” is applied to cases where 
a ” mimic,” devoid of unpleasant characters, 
closely resemble's a “ nicxlel ” which is dc*fendc4 
by warning colouration. Plenty, of instances 
are to bo found among insects, as we shall later 
oil have occasion to see. 

Moustaches and Courtship. Courts 
ship colouration applies to cases where one 
usually the male, possesses ' gay adornments, 
supposed to facilitate love affairs. We s^e this 
in some male baboonsj which are decorated- 
jrith viyid red or blue, both fere Ajpid 
is not improbable that the moustaches 
^beards pi men were evolv^ ipt similar teaspnsk 
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• Signalliijg colouration is exomplillecl by s^mo of herbaj;o, leaving a trac'k that can ca'^ily he 

Ijho grogarious niammals, and serves to announce followed by the sense of smolL 

danger. The white tad of the Descent of Man. It ia now admitted 
so oonspicuons when it runs, pro- that the physical structure of man does not 

^ noted here separate him more sharply from the highest apes 

that buck rabbits warn their fellows by stamping than these, by their anatomical characters, aie 
on the ground with their hind feet. The sentinels marked of[ from ordinary monkoys. • 

by some forms have already been mentioned. It may bc' added that the body of a human 
« Recognition markings have also been described being is quite a mustMim of vestiges handed 

in somo gregarious forms, and are supposed to be down as souvenirs of eaiher stages m (evolution 

a means of keeping individuals of the same Such are the tioubleMjmc “ ap))endix ” of the 
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^pccios together. Many antelopes, for instance, 
are marked with alternating light and dark 
stripes or spots on the upper ports of their bodies, 
^Wthich may perhaps servo the purposes indicated. 
Another means of keying commumtios together 
'is afforded by the possession of charaotoristic 
odours. In the peccaries or wild pigs of South 
America there is a gland on the back which 
^^S^crctes a ffuid of unpleasant smell — atHeast to 
^eur wav of thinking; and in sheep there aro 
J^Ottle-shaped glands between the hoofs, from 
an txlprous £hi^ is sifU^ed out on the 


inte'^tme, and a little led fold in the inner corner 
of the eye, which ropiosents a ^*'^hipd eyelid,” 
found in some lower mammals like the rabbit. 

The real differences arc to be found in tiio 
power of articulate speech, and the faculty ot 
reason associated with an exceedingly large brain. 
But most probably both speech and reason were 
both gradually evolved, just as physical charac- 
tenstios have beeru A course in natural history 
is not the p&ce to discuss in detail so thorny 
a question, especially as exports are not all 
agreed . f AINjSWpRTH DAVIS 
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Direct and Indirect Supply. Two-Wire and Three-Wire 
Systems. Feeders and Boosters. Generators and Converters. 

SYSTEMS OF SUPPLY 


E lkctrio enoixv supplied to the public on 

several ditTer<M»t systems. As the lamps 
and motors Aviuch arc adapted to work on one 
of these systems are not always suitable to work 
on another system, it is im})ortaid that the 
p(‘euliaritics an<l properties of the <litTerent 
systems should be understood. -Mso, it is 
ne(!essary that the nu'nninjjfs of the terms used in 
des<*ribing tluar arrang<‘inciits should be iiuwle 
(|uite clear. The ti^rm ,si/,^tew is itself used in 
two dilfert‘nt ways to mean (1) in general the 
collection of macliinery anrl distributing mains 
that suf)ply the currtMit, as, for example, wdieii 
w e say t hat the T1 ampstt'ad system supplies fiO.tMM) 
lajups : (2) in a tecdmieal sense to distinguish 
between one elt*ctrieal juethod of supply and 
another method, as when Ave speak of a ihref-wirc 
systmn or of a high-voltfuje system. Tt. is in this 
technical sense that Ave ustj it in this chapter. 

Method of Supply. .All methods of 
suj>ply may he divided nnder tAvo headings, 
namely, (Urnf and indirect. In the first there is 
a. direct electrical eonneetion from generator 
to eottsunuu’s' lain}) terminals ; in the second, at 
one point or more the eireiiit is broken, an<l tlie 
energy is transmitted across the gap by <*leetrio 
indnetK^c means. 

Classification. (’Ias.sifying the various 
systems under these tA> o main headings, avc haA’c 
the following table : 

l)IJli:( T MK'riT- 1)S INDIUEI T METHODS 

Soiics Distrllaitum i Transioriucrs t<»Hfo|i ilown 

Parallel Dist ributicni j at sub stations 

(a) Two- wily Tran stunners at ueneratiu« 

(b) Tliree-wire ! station to step up, ainl at 

{Series- parallel Oisl rilnition 1 snb stations to ’step down 
; Motor ■ lieiierators in sub- 
stations 

Converters in sub-stations 

Series Distribution. -An early wav of 
distributing current to an; lam))« Avns to join 
them all in seric.'^, as indicated diagrainmatieally 
in 167. In such a ease the same current goes 
through all the lamps, and as it niu.st be main- 
tained of invariable strength, the system is also 
calk'd the c(>n,stant-cnrrefit systeni. When this 
system wji.s in use. one dynamo Avas designed to 
give the eurrejit to. say, 40 lamps in one series. 
As ca<;h needed about 10 amperes at 50 volts, 
the arc-lighting dynamo for that circuit Avas 
rc(|uired to generate a 10-ampere current at 
2(K)0 volts. In order to extinguish any one lamp, 
it luul to be sliort circaiited, othenATse the rest 
of the lamps in that series AAOuld have gone out 
also. Had these 40 are lamps been arranged in 
j)arttllel the dynamo Avould have had to Avork 
at about 60 volts — alloAA'ing a 10- volt drop — and 
would have had to furnish 400 amperes to the 
mains, Avhich must therefore have been of very 


thick copper ; whereas, if joined in series, the 
Avire need only be thick enough to carry 10 
amjHires. Hence the series system lent itself 
to cases AA’here arc lamps w^ero w^anted at long 
distances apart, Avith overhead wires. But 
where there is a regular distributing supply 
in a toAvn, it is not Avorth while to put up a 
separaO* series system for lighting the streets. 

Parallel Distribution. Thii&is shoAvn 
in diagram in 168. The lamps are*** connected 
individually a(;ross llie mains by*Avires Avhich 
connect acjross from positive to ncgativ'c, being 
thus electrically in parallel with one another. 
I'he fraction of current Avhich passes through 
any lamp passes through that one only, and 
then goes to the return main. Hence the tAvo 
distributing mains have to be thick enough to 
carry the sum of all the separate small currents 
going to the individual lamps. Suppose that 
in a building Avirod on this plan there are eight 
are lam])s taking 10 amperes each, 400 gloAV lamps 
of Itheandle ))o\ver taking 0*25 am])(‘n»s each, ami 
.50 other gknv lamps of *l2-candlo pow'(*r taking 
0*5 am])ei*i* each, then the total current Avill be 
(8 , 10) -f (400 ^ 0*25) I (50 •: 0*5) -- 205 a ni- 
))ores ; and th(‘ main.s supplying that building 
must be of suflicii'iit thitikness to carry that 
< plant ity of current. 

When this simple arrangenu'nt is adopted, 
it is sometimes described as a tivo-wire system, 
and as the same voltage is a Ian ays required on 
e-veiy' one of the lamps that arc connected to 
these mains, the dynamos must he designed 
to sujiply th(‘ mains Avith an unvarying voltage. 

Formerly, the tAvo-wire systems in Phiglish 
towns Avere supplied at l(M> volts, and the lamps 
Avere made so as to give their proper brightness 
at that ])resKure. In recent years the supply 
is more often given at voltages between 200 and 
250 V()It.s, and the lamiis ha\"e to be made AA’ith 
lilaments that are both longer and thinner, and 
arc consetiueiitly more fragile. At the double 
voltage they take, of course, only half as much 
eurreni to give the same light ; but they consume 
• the same number of Avatts. 'Fhe advantage is 
in the saving of the cast of copper in the mains, 
Avhich may be made, for an equal total energy 
.supplied, of one (piarter the weight. WhatoA’^er 
the A'oltage of the two- wire mains, the method 
is a constant voltage, system. 

Series Parallel Distribution. Before 
the makers had found out how to make lamps 
suitable for 2(X) volts, a plan of Avorking wdth 200- 
volt mains was adopted as shown in 169, in which 
two lOO-volt lamps were joined in series Avith ono 
another, and connected across the mains. This;, 
plan has the disadvantage that if one lamp goes 
out thef other goes out also. It was proposed to 
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remedy thi^ by cross-con- 
neoMng the ‘rows of lamps 
■ with a middle wire {shov;n 
dotted in 169) ; but this 
is not satisfactory unless 
the middle wire can itself 
be kept at an exact interme- 
diate voltage. The plan of 
putting several lamps in 
series into each parallel 
branch across the mains is 
, uspd^^n certain cases when 
' the distribution is at a high 
voltage ; for example, on 
some of the electric rail- 
ways and tramways that 
arc worked at oOO volts it 
is cMstomary to light the 
carriages u ith 100 - volt 
lamps, five of which are 
connected in series and fed 
at 500 volts. 

The Volthge Drop. 

Whenever current is sent 
througli a long conductor, 
part of the elee.lro motive 
force is spent on driving the 
current through the resist- 
ance of that conductor. 
Hence, in supplying current 
to lamps through a pair ot 
mains, there will be a 
voltage drop, and the lamps 
will receive a voltage lower 
than that of the generator. 
The amount of the voltage 
drop is readily calculated 
in any given case by apply- 
ing Ohm’s Law [page <>27], 
by merely multiplying 
together the number of 
ohms of resistance by tlie 
number of amperes of cur- 
rent flowing through that 
resistance. Supj>ose a cur- 
rent of 8(t amperes to bo 
supplied to a house lUO 
yards from the dyiiaiiio, 
through a jiair of mains 
made of stranded copper of 
the size known as 37-l8\s. 
These mains — that is, the 
going luain and the return 
main — will together offer 
0-0S75 ohms resistance, and 
when the full current is on 
through them the dro}) wall 
be 80 > 0*0875^ 7 volts. 
If, then, the dynamo were 
to generate its current at 
100 volts, the lamps w'ould 

f et only 93. Or, to give 
he lamps their proper 
voltage, the dynamo ought 
^ 80 compounded 

[page 1153] that at fuU 
' its electromotive force 
to ' / et* * le^' -lOT 


167. SIMPLE SKfltBS cmcutT 




168. SIMPLE PARALLEL CIR(MJIT. TWO-WIRE 
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169. Two-wnRE : two lamps in .series 
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170. TWO-WIRE : BANKS OK LAMPS IN SERIES 



171. THREE- WIRE, WITH BVTTERV 



172. THREE-WIRE, WITH TWO 1)N NAMOS 



173. THREE- WIRE, WITH BVLANOER 





174. FEEDER DIAGR V.M 
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175, FEEDER DIAGRAM 



’ 176 , DIAOBiLM OF BOOSTER 


volts. In all distributing mid 
transmission mains voltage 
drops occur, and must be 
taken into account in the 
calculations. 

Three-wire System. 

When lamps at 100 volts 
were appropriate for use 
ill private houses, the 
sujipiy companies sought 
to gain (he economic 
advantage that arises from 
the use of a double voltage 
by making the connections 
showHi ill 170, w'here tlio 
set of lamps A may 
represent I hose in one 
consumer's house, or in one 
side of a street, and the set 
B represent those in an- 
other house or in the other 
side of the street. In this 
w ay there is a voltage of 
100 only in either A’s house ^ 
or in B’s house ; yet it is 
200 volts between the tw^o 
outer mains. The disadvan- 
tageofsueha j>lan, if this 
were all, is that the uumher 
of lamps wdiieli A has alight 
atone time may not he the 
same as that whu*li B has 
alight at the same time ; 
and as the tolal current 
going through the tw’O sets 
is necessarily the same, if 
A has more lamps going 
than B has, A's lamps will 
not get enough euiTLMit, and 
will look dull, while B’s 
lamps will get more cuiTent 
tlian they shoukl, will bo 
over-bright, and will bo 
soon spoiled. Further, in 
consenuenee of tlie in- 
equality in the numlK*r of 
lamps on the tw’O sides, 
the central connection, or 
middle wire, will no< be at a 
voltage midway betw(*eii 
the Aoltages of the two 
outer mains. Tn this state- 
ment lies the solution of 
the problem. If w^o can 
keep this middle ware at a 
voltages mid- way between 
tlic voltages of the^ outer 
mains every lamp will get 
its proper vdltago, and take 
its proper current, irresjiec- 
4iivo of the number that 
may be alight on each half 
of the system. 

Modes of Balancing. 
An arrangement to solve 
this problem is indicated in 
171. A battery of accumu- 
^tors is connected across 
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the outer mains, and the middle wut* of the dis- 
tribution system is c onnected to the middle of the 
battery. In laying out an electric lighting scheme 
on the three-wire }>lan, the engineer makes a 
judicious selection of the strc^ets or districts 
which are to be connected up to one side or other 
of the middle wire, choosing them so as to 
ensure as nearly as ])os.sible e(jual demand for 
current in both halves. Then the amount of onf-of- 


balancf'. current (or di {Terences 
between thcj ami)eros demanded 
on the A side and on the B side) 
w ill flow to or from the battery 
along the middle wire ; and if 
his choice has been judicious, 
this in-and-out flow will be 
relatively small. The battery, in 
fact, has to supply the balance 
of current between the twosich's 
of the system, and the middle 
wire may Ix^ thinner than either 
of the outer mains. The battery 
may be phu-.ed either in the generating station 
or at some eonveiiient spot nearer the centre of 
the actual points of distributioTi. 

Figs. 172 and 173 show' other arrangements 
of the three-w ire system, for the balance between 
the two sides may be niaintaine<l by other means 
than by batteries. In 172 we hav(' two similar 
dynamos, which may both be scon on th(‘ same 
engine, and which are conneeted electrically in 
series w'ith one another. In 173 we have an 
arrangement which is 0 (|uivaleut to a battery 
at a distant part of the mains, and which consists 
of tw'o identical shunt motors, the armatures 
of w'hich connected in s(*ries with one another 
across the mains. Their field- jnagiiet coils must 
he suitably cross-connected. This combination 
is called a halmu'dr. Its action is as follows. 
Normally, both machines rnn as juotors doing 
no work, generating back elect romotivi* force's 
[.see page 14 Ih] prae^ticaily equal to those of Ihe 
mains. Jf, however, it happens that the con- 
sumer's lamps on one 
side (say. A) of system 
are more numerous 
than those on the other 
sid(i, the voltage between 
outer and middle will fall 
a little at one side, anil 
ris(‘ a little at the other. 

Immediately one of the 
two motors wu'll anto- 
matically begin to work 
as a motor, and give 
powder to the ot her one, 
which then works at a 
higher electromotive force, 



mtermjodiat^ branching ; and (2) distributing 
cables, which start where the feeding cables 
end, and from which are tapped off at many 
point-s, wherever necessary to supply another 
street or a fresh customer, the smaller branch- 
mains. I'o minimise the voltage-drop between 
the power-house and the farthest consutuer, the 
feeding cables are brought to the distribution 
network at a point selected so as to be as centj'al 
as possible. This point is quickly 
made evident by reference to 174 
and 175. In these figure the 
thick lines represent the feeder 
cables, which in this case are 
allowed to produce a drop of 
five volts by the time the feeding 
points are reached. In 174 the 
feeders arc connected to the 
nearest end of the local network, 
and the voltage-drops are indi- 
catod, the greatest drop being at 
177. MAORAM OF CONVKRTER fhc farthest end. ^vhcre the 100 
volts drop to 97. In 175 the feeders are brought 
to a central point in ihe local network, and 
the voltage dro}) at the distant end of the net- 
work is tlieroby reduced to 98 volts. 

Boosters. In some eases the dro]) of volts 
in the feeder cables, shown above as 5 ))er 
cent., becomes a serious item. The droi> is not 
the same for all loads, for it is proportional to 
the current [see Ohm's Law', page 920), so that 
in the daytime, or late at night, W’heii very 
little current is being taken, practically the full 
voltagii of the station (assuriied hero at 105 
volts) is across the distant lamps, which will 
then burn over- bright ; while during the period 
of full-load in the evening there w'ill Ije a voltage 
of 98 or 99 only for these lamps, and they will 
rnn dull. Such a wide variation is not desir- 
able, for incande.scent lamps are very sensitive 
to changes in the voltage. Hence,' there has 
arisen a jiractice of compensating the voltage- 
drop by means of a piece of apparatus known as 
a boofiter, which is used 



and begins to 
generate current and ))iijnp it into the side where 
tht; demand for current is greater. It thus 
preserves the balance, and keeps the middle 
point at a mean voltage. 

n F eedors. Jn a network of cables used for 
supplying a town from a central power-house, 
the cables may . be considered as of two kinds — 
namely (1) feeding cables, which go straight 
from the station to local centres w'ithout any 
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either at Iho station 
or at the network end 
of the feeders, to ^aise 
or “boost -up” the 
voltage little by little as 
the f e e d e r b e c o m e s ' 
loaded. Fig. 176 is a dia- 
gram of a booster, and 
shows that it consists 
essentially of a shunt- 
wound motor driving 
a series-wound genera- 
tor. The motor runs at 


178. DIA0KA3I OF MOTOR-GEN BRATOR 

a constant speed, w'hilo the current which flows 
through the armature and field-coils of the 
generator is the current which is being supplied 
through the feeder to the netw^ork, so that the 
amount of magnetism in the field-magnets of 
the generator depends on the current that is 
being supplied ; hence also the voltage added 
by the generator part is proportional to the 
load on the feeder. Other methods of exciting 
the booster arc obviously possib^ 
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There w»Jh6we\Se>r/ another directioi\; in which of 2*5 k.w. rating for a 

hcosters have proved very effective. This is 600 k.w. booster. The essential feature of Uie 

when they are used in conjunction with a Ixwster is the carbon regulator, which is con- 

littery either (1) to equalise the load on the iiectcd in the circuit of the exciter dynamo 

wrator while there is a violently fluctuating shunt field-magnet, as illustrate! in 179. 


on the line, or 
(2) when the load on 
a small long feeder 
has to be kept con- 
^‘‘fetant, w hile the load 
supplied at the far 
end by the booster 
and- battery is 
extremely fluctuat- 
ing. In these cases 
it is often possible 
to make savings in 
running cost equal 
to 20 per cent, of 
the total coal bill. 
There are a number 
of specially wound 
boosters designed 
for this purf)ose. of 
w’hich perl japs the 
most successful and 
widely used is the 
“ Entz,” of w hich 
. over tAS'o hundred 
have been installed 


1 
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179. KNTZ JlWaLATOU 
by the Chloride 


Electric 

Storage Company [181]. 

The booster consists of three machines rigidly 
coupled together. One is in stories with the 


This regulator [181 ) 
consists of piles of 
carbon discs whoso 
electrical resistance 
can be varied by 
pressure, and the 
main circuit is made 
to supply this 
pressure through a 
pivoted bar, secured 
to a plunger w'hich 
is drawai more or less 
into a solenoid 
tl) rough which the 
main current fiows. 
The spring to the 
left of the carbon 
piles is arranged to 
l)alance the pull of^ 
tluj s()l(;noid when 
the normal current 
is flowing. Variations 

rONNiJCTloN^ 

cause uneven 
pressure on t lie tw o sets of carbon piles. When Ihti 
pressure is normal no current flows t lirough th(^ 
exciter shunt coil, w hich is connected in the same 
w ay as the galvanometer brancli in a Wheatstone 


rt: 
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jCo^mukthn^ Fbf* 
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y 180 . DIAGRAM OF MOTOR CONVERTER ^ 

/ battery to act as the booster proper, one is a Bridge. Whenever, therefore, the current in the 

' motor to drive the booster, and tho third to maip circuit is less than normal, this exciter, 

as an exciter for exciting the booster and consequently the booster, ia excited in the 

“ exoi1;$r;lii quite a small direction necessary to ciause the booster to add 
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to the voltage of the battery circuit ; and 
whenever tlie main current exceeds the normal 
amount the polarity of the booster ivS reversed, 
and tlie booster acts in opposition to the battery. 
In this way, whatever the variations in the feeder 
circuits, the load on the generators is constant, 
the battery absorbing thf». difference lx*twccn the 
average load and light loads and sup])lying the 
difference bctucen the averagt* and heavy loads^ 

Indirect Methods of Supply. When 
the transformation in a sub-station is from 
alternating to alternating involving only reduc- 
tion of voltage, stationary transformers [see 
c}iapti.r 12] are all that- are neerled. 'riierc are, 
however, an increasing number of cases where 
the siip])Iy to the snb-sfation is a.lh?riiating, but 
the demand from tlie station is for coiitimioiis 
currents for lighting, ])ower, or traction work. 
We have now the clioieo between installing 
in o tor- generators, 
rotary converters, 
or motor-conver ters, 
and for particular 
cases each system 
has its m<‘rits. For 
low frequencies the 
motor- generator is 
generally used. We 
have hero 1 w o 
machines coupled 
rigidly togethei- 
one an alternating 
current mot o i* 
usually of the induc- 
tion type, and the 
other a continuous- 
current d y n a m o 
capable of au])ply- 
ing the whole of the 
output. No trans- 
former.s are ne(‘ded, 
as the high-tension 
alternating current 
is taken to the 
stators of the motor. 

There are, hoAvevor, 
the lo,sse.s in both 
niachines to take into account, and in 
view of the t^ict that each machine has 
to carry the tull out))iit these cannot be other- 
wise than somewhat high. 

Rotary Converters. The.sc machines 
consist esfienfially of a dynamo Iiaving an 
armature whose windings arc connected to the 
ordinary commutator on one side, and from 
stated points of the winding to slip-rings on 
the other, as shown diagranimatically in 177. 
If in this case the armature runs at the correct 
synchronous s})et‘d, alternating current supplied 
by the slip-rings to the armature can be col- 
lected from the commutator as continuous cur- 
rent. The losses ivill be smaller tluin in the 
^motor-generator set, and there will be one 
' machine in place of tw o. It will be noted, how- 
ever, from what was stated on pages 1152 and 
1285, that there is a definite relation between 
the voltages generated in AC and CC armatures, 
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and that, if we want to get 500 volts on tho 
CC side, we must supply three-phase current 
at about 350 volts. It is tlierefore necessary to 
provide stationary transformers to reduce tho 
line voltage to this figure, and (he cost of, and 
losses in, these transformers mu.st be taken into 
account if a comparison is made between such 
rotary converters and either motor-generators or 
motor-converters. 

Motor Converters. During the past few 
years many very large sub-stations have been 
fitted with motor-converters. These are made 
by Messrs. Briico Peebles under the La Coiir 
patents. This system uses Iavo niacliines, one 
a motor and the other a generator, rigidly 
< <)upled together, but both machines are smaller 
for a given output tlian in the motor-generator 
system, so that the losses are smaller. The 
switching arrangements are also much simpler. 

The action of the 
converter can best 
be understood from 
t he diagram of 
conned ions shown 
in 180. The A(^ 
end consists of an 
i n d u c t i o n motor, 
which in this case 
is sii]) plied with 
three-phase current. 
The rotor is of the 
slip-ring type with a 
starling resi.siance, 
Avhich is cut out of 
circuit as soon as 
I he converter has 
started. This rotor 
is usually w ound in 
twelve-phases, and 
the machine is 
arranged to run at 
half .synchronous 
.s[)oed — tliat is, ivith 
50 per cent. slip. 
T1 h> ( ‘P end consists 
of a gtmerator w hose 
normal full-load 
spc‘ed is equal to half that of the frc(jiiency of 
.'supply. As this generator is rigidly coupled to the 
AC end, w hen that runs at half synchronous speed 
it runs the generator at its full .s})ecd. The ends 
of the twelve-phase windings on the rotor are 
connected to the corresj^onding points on the 
generator armature. Both rotor and armature 
synchronise, and maintain a constant speed. 
Tile w indings of rotor and armature are arranged 
to coincide, so that half of the energy is trans- 
mitted Qiechanically along the shaft from motor 
to generator, and half is sinit electrically through . 
the windings, the combination acting as a rotary 
generator. In practice, this machine avoids the 
principal disadvantages of both motor- generator 
and rotary converter, and for frequencies over^ 
40 cycles per second it is coming into extended 
In the United States rotary coiivertcr.s, appear to 
be preferred to other means of conversion in in- 
direct supply. 81LVANUS P. THOMPSON . 
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Intonation. Major, Minor, and Chromatic Scales. Time 
Table for Practice. How to Clean the Instrument. Intervals. 


VIOLIN PRACTICE 


R kfkr to the kcyboaid of a piano if there 
iH any doubt about getting the right noten 
Of equal importance ^vlth the time-sense for 
the Yiolinist la the necessity to play m tune 
Accurate intonation m fiddle plavmg must 
be cultivated assiduously (rradiiafly the ear 
will become acciibtonied to the contct intervaK 
and identify them without tlu* aid of a piano 
If it does not, the student had better learn a 
keyhoaid instrument, on whuh the intonation 
of tlic notes is furnished medianieally 
Slowly and firmly tiy the scale of G major 


the open A, the first finger on it the B, the second 
C close above, and tho thud IX Lastly, the first 
sti ing furnishes the ojien E, the first linger F C, 
and the second, oloic to the first Gf. Go down 
the scale in the same way Count with each 
sweep of tho bow [Kxs 1 and Z\, 

Music and Numbers. To become an 
atcompl shid violinist, the fingeis of tho player 
must leain, by diligent practice, to associate 
toms and numbets automata ally In this simsc’, 
fiddle inu)ie and mathematits arc twin biotheis 
When the Grtrk pliilosophei , Pythagoias, based 


G MAJOR Isl stung. 


‘tOihUini? — , 3i(Utunf{ — , 2ii(l stnii!; — , o 1,1 i i 1 i i| 


C MAJOR Slunt; 


4tli stuns; Sul Htuiig — , 2ml stuns; , » Li i f • i i 0 

^ 0 ^ Half touts) 


Begin on the fourth sti I’lg w ith a down- bow and 
Hound the open note G If a bai usually begins 
with a down stroke because of the picssuie Ixmg 
stronger, it finishes, as a lule, with an up how, 
the last beat being kss aicintuatod than the 
first Put down tho first finger neai the he id so 
as to stop the A above the G Play this with an 
Ex. 3. 

^ VAVAVAVV A 


Ills sdies of sound latios on numbers, he antici- 
pated ( oulli, the father of Molin players, by 
twenty ( i ntiii les The easiest w'ay of committing 
to nu moiy the numer.(‘al tingci mg ot (i major, or 
any otiiei se , is to vary lhi‘ oidir of the notes 
'riuis, if \\i take a simple melody of modetato 
(omjiass m that kiy, we find at ome a suitable 


fflll h( 


Now {^iil woiiM^oii bo lio\c It ■'That 

A V V A V A Y 


post nmn, '-o 

A V V 


sa - ltd, Isy 

V V 


an sw 01 

liAVV AVAY-AVY AYY AYAYY 


bi iiiR mo, So 
A V A Y 


lon^, as 

A Y A 


ImM 

A 


w ut cd , But 

Y A Y A 


nia\ he there 

Y A Y Y 


mayn't I c 

A Y A 


one, 

Y 


or the 

A 


ra Hon th-xt 1 '•tat od That m^ lo\< < ui lui Ihti itud uorwnt* Hut In 1<a«suj< fvith-ful - Ht 


up bow Place the si'cond linger on the stiing 
to sound B Bring the bow^ down usolutely To 
got the semitone above for the note C, put dow n 
the third finger close to the second. Play with an 
up-bow. The mighbounng open stri^ supplies 
the next note, D. Having bowed this, put the 
first finger on the third, or D, string to get E 
^The second finger will produce F5’ 
third, close to the second, the Gfi above 
Never raise a finger already down, imless for the 
production of a lower note on the same string, or 
a note on another string. The second strmg gives 


exticise. Foi this jnirposi , the student should 
now tiy lo play the ichain known as “Katie’s 
Littei,’ to which we attach tho words, so 
that the notts may be bowed with suitable 
expression [Ex 3) 

In A niinoi, instead of the semitones occurring 
between the third and fourth and seventh and 
eighth nott'h, as in the major scale, they now 
come between the second and third and seventh 
and eighth notes. The effect of this change gives 
more plaintive character to the minor than tho 
major modes. 


tHEORY AND PRACTICE OF ALL MUSICAL INSTRUMENTS, ELOCUTION, A SIN0IN6 
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'Ri© beginner wiU now note that, aUhough 
the semitones are not the same in ascending as in 
descending a minor scale, the fingering is alike 
both up and down, the production of the right 
notes depending on the stopping being “hu- 
moured ” by the fingers. ^ -Below C (the major 
scale which has no sharps in music) at an interval 
of a minor third comes the not<^ A. [Kxs. 4-8.] 
The pupil should now get pen and music paper. 
To impress on the mind the position of the semi- 
tones, it is well to copy out the scales ; first, the 
tonic majors and relative minors, and then the 
tonic majors and tonic minors, the latter being 
those minor scales which b(^gin on the same note 
but have a differont signature of accidentals. 
Having written out the scales in all the sharp 
and flat major keys, confining the range to the 
(jornpass of one octave, jn’actiso them carefully. 
To get variety, write the first and thirtf scales in 


and beautiful; It is the thornghtless way ia which 
scales are practised that makes them soaistastofuh 
Think, therefore, of a great master playing a scale 
in an ideal manner. Try to imitate the dignity 
of his tone in bowing slowly. When, in course 
of time, the scale can be taken more quickly, 
the student should always have in imagination, 
if ho wishes to improve his execution, the charnl 
of the rush of brilliant sounds obtained by a 
clever virtuoso. The beginner’s first attc'rnpts to 
play scales may be unhappy, but disappointment 
is tlie companion of all true happiness. The latter 
will come presently and be doubly appreciated if 
fhe pupil perseveres. Later on the scales may 
be extended to two or thr4ic octaves. “ One thing 
at a time ” should be the maxim of the beginner. 
If he siicciceds in reading and fingering the notes 
of the different scales within the compass of an 
octave well in tune, slowly, he will have done 


A MINOR 

1st string 




Kx. 5." 

.-a-ilir-; 




,‘h‘d string 4th strmg_ 


D MAJOR, with two sharps, F and C 




Siinie iiMtfs 


Kx. 6. B, Relative Melodic MINOR of D MAJOR, with same sharps 



Ex. 7. D, Tonic MINOR, with one flat, B. This is the HARMONIC form used in Modern Harmony 

i-”- 1 f '' II 

. (Uiist'rvc ulttTtnl situatWm of the half tone in tlnnl bar in Unnnonic form) 

Kx. 8. The MELODIC form of the same scale 

Half tones) , 

four-four time, the second and fourth in three- admirably. Should the playing of sealos become 

four rhythm, and so on. irksome, he has himself to blame for not ooncen- 

Hymns. In order to impress the correct trating his mind on their study, 
lingering on the memory, take the top line of Difficulties. It is attention to the things 
some well-known hymn and transpose it into the which arc tiresome to the majority of people which 

ditferent keys. Practise it slowly, and try to makes for success, and oven, in some cases, for 

convey the meaning of the words to the sounds. genius. In this complex life of ours, the mind. 

As correct inionatioii is of great importance, the if it be a good one, is strengthened by the diffi- 

stiulent should accustom himself to recognise, culties it encounters. In the same way, scale 

before beginning a piece of printed music, the playing strengthens the fingers. There is conse- 

key in which it is written. The “ key ” to the quently considerable moral discipline in prac- 

key is indicated by the last note of an unaecom- tising scales not once a fortnight, but regularly 

panied melody, or the bottom bass note of the every day. The secret of success in singing, i^ 

%coompaniment. This is the general rule. may be whispered, lies in the ability of the . 

Scales. Many beginners have an unfortunate vocalist to “scale” the voic^e beautifully. Of 

prejudice against practising scales. Although all instruments, the violin approaches most, 
a badly played scale is decidedly uninteresting closely, in its methods of intonation, to the. 

to listen to, yet under the bow of a Kreisler human voice. The practice of scales^ therefore, 

or an Ysaye there is nothing more brilliant is essential for proficiency. 
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if scale playitig has l>een varied by the slow The Chromatic Scale. This quest km of 
pratkice of chants,’ as suggested, the student will actudentals leads us to the artificial scale, known 
already have begun to make acquaintance with as the ChrormUic^ which proceeds entirely by 
most of the Intermls [Ex. 9]. half-tones [Ex. 11]. 

Begin each exercise slowly. Work up the speed The student should remember that more than 
gradually. Play each pair of notes with a full one note in this scale must never be 8top})ed 


INTERVALS 

Skconds Tiiihds 



lx)w, down on the beginning of the bar, up on the with the little linger, and that the same finger 

second beat, and so on. Other met hods of bowing must never be employed thrice in su(H‘ession. 

will be dealt with later. Having studied the course He should avoid also sounding the open E and 

on Transposition [page 10131, transpose the fore- A strings, whether in asetmding or descending, 

going exercises into ditXerent k(*ys. Next combine Tlie exact fingering depends a good deal on the 

the intervals in the way suggested in Ex. 10. character of tlie music. In moving the second 


r'nMDTME'n 11JTt?DUA1C 




Many sharps or fiats may look formidable on or first linger up or down, be careful to go at 

paper, but the fingers of the violinist are not once for the precise stopping-place. Lingering 

confronted, like those of (he pianist, w'ith black midway in the stopping spoils the intonation, 

keys at a higher level than are the ivory notes. 1.^^ us repeat that, if proliciency is to be 
Therefore, accidentals should be easy to play attained, the student must eontrentrate his 

cu the violin, although Berlioz, in his clever attention im one exercise at a time. As soon as 

“ Instnimontation,” gravely writes that the the slightest facility in playing has been arrived 



Beales of E!? and F are “difficult,” that Dl7 at, a de.sire arises to skip serious study and get on 

is “very difficult,” and DJ “almost im- to “ piecc?s.” With a pupil whb has a master 

practicable.’** But Berlioz was a flageolet player to check him this tendency is* bad; but 

ratlier than a fiddler, and Spohr, one of the th<^ temptatioh requires double will-power to 

greatest of violinists, carries more weight when conquer when the (mpil is \rorking unaided, 

ho says that the violinist has an “ equal com- Instead of frittering away valuable leisure with 

mand of all kevs. even those the most remote.” - meaningless tunes, the ambitious student will bo 
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employed xicoulring ' facility in steadily 
bowing tb© Broken Chords in Ex. 12. ' ^ 

Practise these slowly at first. After getting 
the intervals in time, iniTcase the si)cod. Then 
proceed to transpose this exercise into all the 
other major keys. 

Arpeggios. When these exercises have been 
mastered, the studeiil will he ready for arpeggios. 
Those must bo practised very earefully, as they 
are more difti(*ult to keej) in tune than scales. 
First of all t>dce the arpeggio in the key of 

0 major, as written below. It is wTitten in simple 
triple time; then^fore there must be a slight 
pressure of the bow on one. Take the first tvro 
notes in one bow, being sure that an equal half 
of the bow is giv"('n to eacli note. The third beat 
will be a swift, light up bow which brings it 
again to the nut. Koinenibor the last note is a 
dotted ininini, and must, therefore, bo held on 
three whole Ix'ats. 

Before going on to o(h(‘rs. it would bo advisable ' 
to take this same arpeggio in two other bowings. 
Firstly, lake each note wuth a separate bow. 
Do not forget to aeeeut the first note of the 
2nd and 4th bars, being ii]) bows, as well as the 
bars beginning with doun bow's. »S(‘eondly, take 
three notes in one bow, eacli note getting (‘vaetly 

1 of the bow. See that the how' crosses the strings 
from t)i(* notes B to open 1) and from 3rd 
finger D to 2ud linger C \ery evenly. The 
student is now ready to go on to the av^jeggio 
ill A*^ major. 

It is not necessary to repeat where the notes 
are found, as by this tinv* lh(*y should be known 
by heart. There are no open strings at all in this 
arpeggio, the and on the 2ud and 3id 
strings- being played with tiu' Uh finger. Try to 
keep the 4th linger hD on the 2nd string wlple 
playing th© 3rd finger A*^ on the Ist siring, it 
will then bo in tune on returning, and will also 
strengthen these two weak fingers 

The arpeggios of A. B'^, and B ii.ajors can 
all bo practised in the same maimer. 

Practice Table. At this stage the 
.student .should make out a jiraelice table. 
Appoition the lime wlueli can be dovoted daily 
to violin study somewdiat as suggested above. 
The ])lan can bo changed discreetly day by 

Ex. 12. 


day, but 40 mimitas at first is long enough for 
the beginner who take?!, his work in earnest* 

Scale of C major * , * . 6 minutes , 

< „ „ A minor . . . . ' 5 „ 

Tutervala 16 » 

Broken chords . . ♦ < , . 16 ,♦ 

40 minutes 

The student will find that it is wise to , 
practise in solitude. Tf the room cannot bo 
otherwise reserved, rise an hour earlier than 
usual. In that case, to avoid annoying sleepers, 
a skeleton, or mute violin, can bo bought for * 
about 10s. But these so- called practice violins 
.should b(i avoided wherevt‘r possible. They have 
a bad influence on the learner, and tend to destroy 
bis conce])tion of tone. A mute ” is better, and 
can be purchased for a few pence. Plaoed upon the 
bridge, it diminishes the .««ound of the violin. In. 
any case, the beginmu* desirous of cultivating 
a good tone should refrain from playing feebly 
at first. Not only should the bow, both up and 
down, be made to bite well without roughness 
throughout its length, but the fingers must stop 
the st lings firmly. This effort may iiroduec corns 
on the tips of the fingers of the left hand, but 
in a short time theM‘ will gi\(‘ no Irouble. 

End of Practice. After practice, slacken 
th(‘ hair of tie' bow. Befor(‘ putting the violin 
away, rub off th(‘ ro.siu with a soft handkerchief, 
and Avipe the stick of the bow. Should tho 
fiddle require* general cleaning, wipe it with a 
little light oil, or one of the preparations 
specially made by the big makers. When the 
bow gets greasy, Avash it Avith .soap and tepid 
water. Conclude the bath with fresh and cold 
water. Dry the hair before a lii’c. then rub 
Avith line )iow'den‘d rosin. 

A.^ soon as tlic* many diflieulties which confront 
him begin to be piTctuved the first eagerness of tho 
violin student is apt to abate. It is easy then to 
neglect jiractico for a while. But such a proet'duro 
is fatal to progress, and it is only by resolutely 
adhering to the plan of study draAvn up that 
the self-in.structor will jire.sently become a good 
player. The beginner must imitate tho tortoise 
rather than the hare if he Avishes to triumph. 

ALGERNON BOSE ^ , 

. 
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Details of the Automatic and Non- Automatic Looms 
Employed In Weaving* How Patterns are Woven. 

COTTON WEAVING: LOOMS 


T he general principle of weaving being ihe 
same whatever the natllr^^ of the yarn 
woven, it follow's that a dt‘«criptioii of the process 
applied to cotton includes much that is tip]>lioablo 
to weaving at large. Each bianoh of textile 
industry has its own sjiecialisetl form of loom 
adapted particularly to j)roduce a given class 
ox goods, and the cotton trade is large enough 
to include almost every kind of fabric and 
every build of loom, but there is on<‘. typo 
which belongs peculiarly to the cotton business. 

The Calico Loom. This is the calico or 
ordinary Lancashire loom 16], which is used in 
larger numbers (Jian any otlier. It is a simple 
])icce of mechanism foj* making simple cloths, 
with none of the added motions that are re- 
quired to work a large number of changes upon 
t\c two set« of threads. The sim})lest ‘chjths 
can he manufactured upon the most comjiJex 
of machines, but good management demands 
that looms shall he cqiupped for tlieir own 
work and no more. Added motions mean 
added expense, and nianufacturt rs do not buy 
those which th(*y do not (‘X[)eet to use regularly. 

Weaving-sheds v(*ry often contain looms 
of more than one type, as well as looms of 
diffiTcnt widths, and machines suitable for 
heavier or lighter cloths, but the calico loom 
is the basic typo of tlu^m all. It is a machiiu‘ 
that has undtTgone only minor modifications 
since it ’was first evolved some seventy years 
ago, and its wonderful eflficiency is explained 
largely by its simj)licity. Although it has to be 
carefully and strongly made, it is probably tho 
choap<*sti machine that money can buy. A 
common loom, costing from £7 to £8, is bo\ight 
at the rate of .about IJd. ])or lb. of the metal 
and wood contained in it, and, in regular opera- 
tion, its output of cloth may range in value from 
£l()0 to £150 i)cr year. 

The Power«Locm in Detail. We have 
seen from the descri]ition of the hiind-loom 
that the thrc'e fundamental movements in 
weaving are { I ) tli(* forming of the shed by 
parting th(^ warp threads, (2) the throwing 
of the shuttle to carry tlu* weft betw(‘en the 
parted threads of warp, and (.*1) the beating up 
of the weft after the warp has been closed. The 
power-loom is construeted to perfoim these 
operations mechanit^ally. with very little aid 
from the weaver, and at a liigh rate of speed. 

It consists in the first place of a frame of 
cast-iron combining both strength and lightm\ss. 
Tho principal parts of the frame are the sides, 
carrying the shaft through which power is 
transmitted. The feet an' bolted to the floor, 
and the sides are bolted together by cross 
rails. The joints of these rfiils are accurately 
machined at the loom works, and the rails are 


cut exactly to length, for stability is of im- 
portance in running at high speeds. An over- 
head arched rail joins’ the two sides, and forms 
a support on which hang the heahh by means 
of which the warp threads .are controlled. 

A bracket U]>on the back of the loom carries 
th<^ beam upon which the warp has becai wound, 
and above the beam is the back-rest, a roller 
over whi(!h the warp is drawn into the hori/.ontal 
plane. A chain around the (aids of the beam, 
secured to weighted lev(a*s, gives tension to tho 
warp threads and ]>re vents a too free unwinding. 
Each thread of warp passes through the ma'd 
or eye of one of the sets of healds, and is seeured 
to the cloth-roller. This roller is driven by the 
or moving part of the loom, and in turning 
rolls uj) the cloth ns it is woven. 

The Function of the Slay. The slay 
is the part corresponding to the batten of the 
hand-loom, and it (airries the rced^ a frame of 
flattened wire bound at top and bottom. Tho 
threads of w.arp pass through the dents of tho 
rex'ds. and are th(*reby held 8e]).ar.ate and in 
place. 1’he slay is mounted at foot upon a 
rocking shaft, and its sides or swords are joined 
by conno(^ting rods to two cranks, set just 
inside the loom-framing, and fornu*d by bend- 
ing the wrought-iron muin shaft carrying the 
pulli'ys that (Irive the loom. The slay and reed 
are givtai a back and forth movement by the 
cranks, and the wooden top of the slay carries 
a shelved rure- board for the shuttle. The race 
is slightly inclined toward the reed, and between 
the reed and the slay the shuttle is shot through 
the threads opened by the motion of the healds. 
In its forward movement the slay b(*ats up the 
weft last wov(ai. Tho cloth passes over the 
breast- beam on its ])ath to the cloth-roller, and 
it is liekl taut from side to side by the pair of 
roller temples fl] which grasp the selvedge. 

The Healds. The main shaft passes 
through the middle of the loom, and on(^ of its 
ends carries the fly, or balance'- w1uh‘I, and the 
other the fixed and loose ))ulleys and th(? brake. 
A K|iur-wh(‘el, set bt'iweiai thi; tly-wheel and the 
frame, (‘iigages with the teeth of a larger wheel,” 
and drives at half its own speed the shaft by 
which th(i healds are worked. The healds in 
general use in cotton weaving are themselves 
made of hard- twisted cotton yarn, and their 
eyes ai*(‘ looi)s of this yarn |7]. The healds are 
strung along laths, tho upper lath serving to 
lift them, the lower being to^ hold the heald 
threads tight. The number of healds in use 
v.aries with the pattern to be woven. For 
weaving plain cloths the number needed is two, 
which have to be lifted alternately. In the 
eaJieo loom the shifts or healds are lifted by 
tappets or cams set inside the loom framing, 
and carried upon the secondary shaft. 


TEXTILES. LEATHER, EARTHENWARE, PAPER, FOOD SUPPLY, APPLIED BOTANY 
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aRoup la-TcxTiLce . Jg 

OverpicR and Uhderpick. The healda 5; avoided bi^ the. use of 
arc given their motion by eccentrics, and so -'^^rongs which enter the in a gta^ and' are 

are the picking arms. A shaft is carried upright pressed back if they dnyrlTfight thread iO’ 

from the tappet shaft at each side of the loom^ it^usual place. In being thus pn»ssed, a catch of } 

and by moans of a bracket or cone is given ci hooK at tho opposito extremity to the ptphga ik' 

sharp, iritormitterit turning movemont. Tho head lifted clear and docs not come into contact iimh a ■ 

of this shaft carries a wooden arm, tho picking projct'iiem from the slay. Should the weft 

absent, the prongs pass through the grid, the cathf-j 
is not lifted, and parts are brought into play which; 
throw the driving belt off tho fixed, and on to tKa! 
loose, pulley, so bringing the loom to a standstiU 
and directing the weaver s notice to the mishap. ■ 

Precautions against a “ Smash.” Failure 
of the weft supply arising from tho breakago of the 
thr(‘nd is not the worst contingency to bo guarded 
against. More serious injury is caused if tho 
shuttle stops in its flight, ami is left between the 
w'arp threads in the patli of the advancing'slay and 
rood. The result is what w'oavers call a “ smash,” , 
1. KOLLKH TEMPLE * whi(*h cuts aiul breaks the threads, and may even j 

break the swords or supports of the slay. . ■ 

siU'h. which is made to describe an an; of a circle. Upon light looms the harm is minimised by use of 
The timing of the movement is under the control of ^ loose reed, pivottnl so 'that upon meeting an 

change wheels w'hieh an* fitted in accordance with obstruction tho lower fastening is loosened and the 

the numlxM' of ])icks to be made in a quarter of an lood swings back and does not boat against the 

inch of cloth. I’he stick carvios a leather strap, the cloth. The action which releases tho reed brings 

ptV/rf/q/tv/mp, attaclu'd at its other end to tho ]»icker bito play a part called the dagger^ and stops the 

— a piece of loathe r sliding upon a hcirizcmial loom. Loose reeds are unsiiit(*d to the heavier 

sjiindle — which ckdivers the blow that drives the cloths, and looms fitted with tin* jast reed are 

shuttle across the loom. The shuttle when at rest is ])rovided with a safeguard a(‘tiiated by llu* shuttle, 

in a box of planed iron carried on the slay. There Up n entering tlie l)ox tho shuttle raises a finger 

are two such boxes, one at each side of the loom, and uj)on tho shuttle-box. Should tho shuttle stop 

in oonnoetion with each there is a picking motion. short of its box tho linger strikes against a stop 

The overpkk motion just (bsserihed is that ordin- and throws the loom out of ^ear. 

arily fitted upon fast-running light looms, and its 'I’lie breakage of a war() thread rosulfs, of course, 
iifimo is taken from the position of the stick above a continuous fault 

tho slay. An underjnrk motion, in which the blow clotli, and in 

is given at a point ben(‘ath the slay, is used more in \ weaving gooiis in 

weaving heavier and wider goods fliau enlieo. ^ \v which such faults are 

Speed and Safety Devicea. Tn addition \ 

to these fundamentals there are almost equally indis- ^ ^are ein* 

peiisable smaller parts requir'd in the interests of 2. vvkkt-fork ployed. Thest'addU 

speed or safi'tv. One of these devices is a simple tions are es])ec- 

h'ather strap which extends across the front of the required \i]>on automatic looms, of which onn 

slay. Tliis is the check strap, whose function is to WTavCr minds a lajge iiuml)er, and in connection 

absorb the momentum of tlie shuttle at the instant '^ith them the different forms of warp stop motions 

of entering the box. »Shoi t and narrow .straps are detailcfl. 

carried over the ends of tin* })iekiiig-spindles within K.eshuttnng. Men called overlookers or 
the shuttle-boxes, and tlu'si' are buckled to tlie facklejs make the adjustments upon the loom ncces- 

longer piece of JeatlaT. whicji is draw’ii slightly sary for the weaving of a given cloth. Cotton 

from side to side* in eliocking 
the force of tlie shuttle. With- 
out provision of some kind the 
yarn W’ould be thrown off its 
cop by tho fon;e of the collision, 
and the cheek strap, invented 
in 1S39 by a Hum ley weaver, 

Robert Pickles, has not been 
superseded by any the 
springs, rubber blocks, or 3, SHUTTLE 

other shock ubsorlx'rs that 

have been tried upon tin* Lane n shire loom. The weavers are in neaily all cases women, whose chief 

check strap fat ilitates speed, and the icryf/orl* relaxes business it is to stop and start the loom by its 

the need of attention upon the weaver's part. handle, and from time to time change tho shuttle by 

It is apparent that a loom once sc*t in motion would taking out the empty one and replacing it by 

continue to work although all the thread in tho another filled with weft. The shuttle [3] contains It 

fehultlo were done if there were no device to bring . hinged tongue, upon which is placed the weft co^,, 
it'to a standstill upon the exhaustion or breaking, , and wh6n the tongue has been laid back again the 
of tho weft thread. Warp would be let off and ' weft has to be threaded through the shuttle eye. r 
taken up, the shuttle w^ould travel, tho threads at ' Tho readiest but least hygienic means of thnsad^ 
the selvedge be chafed, and in the end there would , ing is by suction. The weaver puts the shuttle to 
he a serious loss of the won\ er’s time in the endea- vher jtnouth and draws the loose end through 
vour to rectify the mischief. The trouble is a sharp inhalation. “Shuttle-kissing;^’' as inn 
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proc^sf^ is called, has boon shown to he a means of 
spreading contagious diseases, and various devices 
have boon introduccil to aujiersedo it. Flexible 
bulbs and small bellows have been tried as a substi- 
tute for the action of the lips, and shuttles which 
cannot be threaded by sm tion have been invented 



4 . THE NOKTTIllOP LOOM 

and used to sojuo extent. 'Pile insanitary nudlKKl 
is in practice the commonest. 

The Northrop Loom. Resbuttling oetnjues 
timti and involves the stopping of tlie loom, and to 
avoid this loss attempts have been made to intro- 
duce automatic reshuttling devices, none of which 
has met with conspicuous succ(*ss. The most 
largely used of automatic looms aitns not at sub- 
stituting shuttles, but at replenishing the shuttle 
with w'cft. The Northro}) automat ie loom [4], in- 
vented by an Eiiglis^i mechanic in the United 
States, is used most largely in America, where there 
are a quarter of a million at W'ork, as against 15.0(X) 
or 20,000 in England and 50,000 in (Continental 
countries. The automatic loom is many times the 
cost of the ordinary calico loom, aiul its advantage, 
resides in the ease witli 'vvliieh it can he attemled. 
One wvaver, with some assistaiu-e from a helper, 
tak<‘S charge of between 10 aiul 24 <M)tton looms. 

Recharging the Shuttle. 'Phe distinctive 
feature of the Northrop loom is the attachment 
knowai as th(' magazine or battery, used for holding 
a re.serve su])ply of weft in readiness for the shuttle. 
This magazine is circular in form, and is made 
to rcvolvt* as require<l. It carries 25 bobbins or 
co})s of weft , and these? are loaded in ]K)sition before 
starting. The act of charging takes from two to 
fivi minutes, in which f ime the hxmi given enough 
weft to last a considerable period — ii.sually enough 
for some hours, although the time varies with the 
ftticiiess of th(? yarn and Avitli the number (;f picks 
to the inch of cloth. 

In loading the magazine the bobbin is placed 
lietweeil supports, a length of yarn is drawn from 
its nose and is given a turn round tlu* central stud 
of the battery. The bobbin at the bottom eentn* of 
the magazine is set directly over the 2)()sition o<*eii- 
pied by the shuttle-box when the* slay is fully for- 
ward. The mechanism of the magazine is g(>yerned 
by a special form of weft fork, which feels with its 
prongs for the thread trailed from the shuttle. If 
the thread is not encountered, the fork meets a 
projecting catch fixed upon the .slay, and motion is 
imparted to a hammer y or bell -crank lever, which 
presses the bottom bobbin out of the magazine and 
into the shuttle, at tho same time ejecting the empty 


lK)bbin through the bottom of the shuttle. Tlui.s 
new weft is supplied without stopping the loom. 

In order for the transfer to take place safely it is 
' necessary for tluv shuttle to be in ai>proximately 
correct position at tho moment of change, and, to 
avoid the breakage that would otherwise follow^ a 
shuttle poHilkm-deUctor is added. When the machine 
is preparing to strike, a mc?tal iing(?r is extended in 
the shuttle- box, and, should this meet the slmttle, 
the striker is not raised to the height neees.sary lo 
complete the transference. If tho failure occurs 
twice in succession the loom is stopped by tho same 
mechanism tliat l)rings tlie machine to a stand when 
the battery has been emptied. 

Warp Stop Motions, The warp sU^p motions 
used to stoj) the loom u])on the breakagt? of any 
end in the warp are made upon more than om? 
system. Tn tho simplest form the healds, which in 
this ease .are made of flattened steel wire, act as 
automatic detectors. The healds arc strung on 
bars through slcjts widc'r than tlu^ bars themselves, 
ami they are snj^portod individually by the warp 
threads. ( )n the breakage of a thread the individii al 
heald drops a disiunet? equivalent to the extra 
length of the slot, and tlu? wire is hrouglit into 
touch with a seiTat(Ml vibrator which receives 
inotioii from an eeeentrii? u])on the ta])pct-Mhaft. 
'Phe vibrator puts a knoek off finger in contact with 
the smarting handle anti the loom stops. 

In its later form this same? mechanic?al stop- 
motion is madt? t»> de]H‘nd not upon the fall of the 
heaki, hut, in precisely the same way, on the fall 
of a separate wire d<?te(.‘t()r through the eye of 
which thi? warj) thread is pa.ssod. 'riien? are also 
el<?etrical stop motions in w'hitrh adjoiniiicf pairs of 
threatls art? erosst‘d, and a wire that ])asse8 between 
them is heltl forward until out? thread breaks, when 


m 
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the wire springs back and, by cdhipleting an electri* 
<'al circuit, stops the loom. 

Other Control Devices. Among other re- 
finements fitted upon the automatic looms arc thost? 
for regulatinj^ the Uitihg off of warp. In one of tht*se 
the motion IS communicated to the flange of the 

2003 
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warp, beam from a ratefiot worjeed by tbo . 
sword. The pawl upon the ratchet has its move-/ 
Hient trover ned by the tension of tho warp opera ting^., 
upon a spiral sjHing, As one revolution of a 
boam pays out more warp than one turn of a nearly 
empty beam, some adjustment is needed to secure 
harmony as tho yam diminishes. In a further 
improved pattern the beam is made to turn faster 
as tho cireunifcrcmee decreases in size, by the addi- 
tion of a beamfeehr rCvSting on the yarn and govern- 
ing' the fulcrum of the letting-off j)awl. 

In weaving calico the absence of one pick or two 
picks, caused by the giving out of the thread in the 
shuttle^ is not seriously regarded, init in some other 



6. CALICO LOOM 


goods the defect must ho avoi<led. Tn ordinary 
weaving tho careful weaver pulls out of lln^ cloth any 
short pick loft by the exhaustion of the weft and, 
by turning the loom by liand, ensiin^s that th<* next 
tnread woven shall bo in tin* right shed. 

In automatic weaying tho cp*ation of short picks 
is obviated by introdinung feeUrf* to feel through 
an opening in the side of the shuttle how much weft 
Is left, and to opc^rato tln^ magazine apparatus in 
case there is less than a certain minimum. As tho 
end of yarn from tho ejected hol)bin still remaiiivS 
attached to the cloth, a separate cutting mechanism 
has to bo employed to scv(‘r the thread, and a device 
for the purpose re attached to the shuttle position 
detector. This cutter sev(‘rs the thn'ad at its own 
jioint, and also holds taut tl?c severed ])ortiou to be 
cutngaiji neatly at the selvedge of the cloth by the 
regular thread- cutter in connection with the cloth- 
temple. Automatic looms are <listingiiished as 
jeda' or von-fcrler type accordingly as they are wdth 
or without fhis attachment for gauging th(‘ length 
of yarn left in the shuttle. 

The Automatic Loom. Pick-rZocA*'?, or 
mechanical counters for recording tho number of 
picks mad<‘, are attached tf) automatic looms in some 
instances, and more rnrtdy to ordinary looms. Auto- 
matic looms can now also ho fitted w'ith a measuring 
motion by which th(i loom is stopped as soon as a 
given length has been woven. The machine ranks 
with the most renyirkable of inochanieal achieve-T 
m^ts, ami it .serves for weaving a largo range bl 
cloths. It has an obvious limitation in employing 
onl^f onn^: shuttle, so that th(! automatic loom is not 
. available for weaving cloth like checks, in which so 
many threads of weft of . one colour have to bo 
followed by a number of a difiorent colour. J V>:' 


BojCvLboms. In weaving fabrics with weft 
of two or more different kinds or colours upon' 
looms of the non-automatlo type, it becomes . 
necessary to employ one shuttle for each 
separate kind of yarn. Such looms are oallod fQ|^ 
brevity boxdoomst, which name signifies that they^ 
have more .than tho two shiittk-boxes that suifioo 
for single-shuttle weaving. Looms of tho typo are 
more largely used in weaving worsted goods, and 
the varieties of boxes in use arc more fully . 
treated under that heading. 

It sufhees for the present to di'seribe briefly one 
drop-box motion, called tln^ “ Kcclcs,” which is 
often fitii'd as an addition to the ordinary calico 
loom. It is an apparatus for biinging th<^ different 
sliuftles successively into ])luy, and it is made to 
work with as many as six flifTercnt colours of yarn. 
The box('s arc mounted in an upright frame, and 
tho roumred box is brought into position by* the 
action of cranks and oonnectnig roils, and while in 
position it remains scLMiicly locked. The motion 
is imparled through a series of discs, separately 
mounted, and describing different arcs around a 
common centre. The discs arc revolved by toothed 
racks, and (vveh r.ick is provided with fingers mov- 
able either towards or away from the disc. These 
iitigci*s are presented to a chain carrying perforated 
curds. The perforations in the caids coircspond 
with the order of tho (‘hauges to bo made in the 
weft, and on meeting a blank a finger is pushed into 
gear and tin* disc with which it is conuccti'd makes 
a half rev olution. The -^m of the movement.s of 
the scveial discs is transmitted to the boxes s<^ 
that sbiittks arc j^resented to the piLker in tho 
deteimmed oidi'r. 

Inside and Outside Treading. Wo ha\o 
seen t hat in the rain o looms the healds arc laised by 
t.ippets or ecccuitrics, s(‘t wifhin the loom framing, 
an arrangement that is called iwwVZt' ir tad inq, Tho 
itirangcuncnt i« suitable in weaving with from two 
to SIX sliafts ol hcalds, and lor work in which 
frequent change of pattern docs not occur. Whcio 
a large nuinhc r of hcakW must be (‘inployed, tho 
t.ippcts an* plated outsuh th»* fiaming, usually on 
the right, anil the ariangeinent is sfioken of as 
onhid^* treading. l\ippets arc used oxeeptionally 
to weave from as many as twelve shafts, but it has 
been found that they aio not practicable in making 
closely picked cloths. 

The Dobby. The dnhby is substituted for tho 
t,i})pels for w'caving upon a larger number of shafts, 
and for the production of small figured effects ux)on 
cloth. Dobbies are overhead additions carried 
upon the top rail of the loom, and while dobbics are 
made that will lift any number of shafts from eight 
np to foity, tho typical cotton (lobby is made for 
bixtecn sliafts. With dobby motions for the warp, 
aud box motions for tho weft, most kinds of fan<^ 
weaving can Ixj executed, but for weavinj^ ^larg4 
designs, which would require the use of a groat many 
shafts of hanicf'S, the jactpta^d motion is emtiloycd. 
As the dobby is a modification from the jacquard, 
a description of tho latter is given first, although 
dobby looms aio tho mbre numerous of tho two ijH' 
tho cotton trade. 

The Jacquard Motion. In the looms do* 
scribed hithei-to we have boon^ dealing with shafts oj 
healds, and with the lifting of entire shafts alternately 
to form the shed of warp. In the full jacquard the 
kaalds are lilted, not in shafts, but tndependentlyi 
"and tbe healds are tautened individually bv cafrying 
Hfirgoeat o^ weights^ and are held separata by passing 
7. ^ronitk prorated boaMs, known, as CQmoerhoari^f 




Tvhich prcvpnt entanglement. 'I'he body of the jac- 
quard machine [5 and 8] is mounted high above the 
loom upon supports of its own ; and although from the 
groat number of small parts it eontaiiw the jacquard 
is formidable to the oyc, its upeiatiou is not difiicult 
to understand. 

Jacquards are made of widc‘ly differing (‘apacitios 
to execute different sizes of design, and their cajmeity 
is measured in hundreds, aeeording to the number of 
needles they contain [7 ]. 'J'hcse ruuMllos arc strips of 
tinned wire with one of their ends doubhid back, 
and with an eyelet or with indent alions along their 
length. The needles [bJ are .set b(jrizontally in a 
frame, and are j)rcs.sed by sidings at tlu'ir biitt- 
ends into the perforations of a rectangular block 
called the cylinder. The needles, by means of their 
looped eyelets or theur indentations, gov<^rn the 
position of a set of upright honks [aJ from which the 
neck cords of the jacquard harness depend. The 
hooks are wire, hooked at the point, bent back at 
the base, and again bent in order that the.y may 
rest supported upon a bar. Theses hooks arc set 
within the bars of a giid <ir ijriffc | (3l, and when the 
griffe is lifted by motion transmitted from the 
secondary shaft of the loom all the individual hooks 
and the harness .suspcuided from them are lifted 
also, unless the point of the hook has been pressed 
clear of th(i ])ath of tlie griffe by its own particukrr 
needle. If the n(‘e(lhi meets a perforation in the 
cylinch'r, the neck (!oi*d undiM* its control is lifted by 
the griffe. 

^ Weaving Patterns. The cylinder is i)er- 
forated regularly along each of its four faces, and 
with <;vcry pick of th(^ loom it performs a quarter 
n'Volution, so prc.sc’nting its faces in regular rota- 
tion , To s<‘(urc that any particular warp threads 



7. HEALDS AND DIAGRAM OF JACQUARD SY.STKM 
J). onllnary; E. mailed ; F. wire hcald 

shall not b€> lifted, it is requisite to cover the cor- 
responding perforations iu the cylinder, so that the 
needle in question shall be pressed back. The face 
of the cylinder is accordingly protected by an oblong 
card of millboard which has been previously punched 
with boles corresponding with the patterns to be 
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woven. The holes allow the needles to penetrate, 
and the blanks press the needles back. One card is 
puneht*d for every pick in the repent of tho particular 
pattern, and all tneso cards are laced together at 
their edges, and are presented in their order in tho 
form of an endless chain. 



Uses of tho Jacquard Weaver, The neck 
cords form tho principals, and they perform all the 
lifts lUM.'Cssary to prcxlnee one copy of the design. 
If the design has to he n'peaUjd a great number of 
times across the width of thp cloth, all that is 
roqui.sitc is to connect the individual healds with 
their propcu neck cords, when tho raising of one 
hook lifts tile apjiropriate warj) thivads at intervals 
across the cloth. Tho jacquanl is used to weave 
borchw designs siimiltaiioously wiih centre designs, 
as, for exain]>l(', in (piilts or tablecloths, and to 
weave natiies on towc'ls and shc^eting. 'The action of 
the sin(jh 4ift jacquard already described is dupli- 
cattnl in the doublr-Uft machine, in which two 
cvlindors come into action alternately. Further 
elaborations are introrluced in weaving gauze and 
double cloths, hut these <lo not affect the general 
jiriiic'ipjc of the machim*. 

It will be appanmt that the tir-up of a jacquard 
is a I'omplicatetl piece of w’ork,»,and manufactnrer.s. ■ 
therefore, endeavour by grouping harness to sim- 
plify the task, although the grouping imposes some 
liinitations ujkui the designs that can bo woven. 
Jacquard weaving is somewhat slow, although with 
the most improved machines the rate of weaving is 
only about 10 jsjr cent, less than on the dobhy. 

The dohby lifts not individual healds but shafts, 
and it is made? in different ways by different makers, 
and in types known as nc?gative and jiositive, 
single-lift and double-lift. In dobby weaving there 
is one < ard or kq/ for every pick, and into holes in 
thc.so wood or metal lags pegs are iaserted Avhich, 
in acting on levers, bring hooks into contact \v\ih 
thc' bar.s of a griffe, and so cause the separate shafts 
to Iw lifted in due order. J. A. HUNTKK 
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The ten Families of Igneous Rocks and their Characteristics. 
How they Cooled and Crystallised into their Present Formation. 

THE OLDEST ROCKS 


W E have seen that; the igneous tocka must bo 
the oldest f)f all, and as it is always well 
to follow the order of Nature, we shall Ijegin 
by giving an ac ount of the most important 
constituents of the earth’s crust which belong 
to tliis class. Then we shall describe the* 
sedimcntarif rocks, which have been dorived * 
from the ignepna by the work of natural agents, • 
by weatboripg; attrition, and deposition. Laitl}^ 
we shall glance at the meiamorphic rocks, which 
shSre the characteristics of liotii these main 
clashes. 

; The Igneous RocKs. The igneous rocks; 
as their name implies— from the Latin ighist 
lire — have come into existence through the 
action of heat. 'Phe older geologist divided 
thorn into two great groups, according to the 
circumstances in whiiiU they were x>reparcd 
in the vast laboratory of Nature. Looking 


caused by the action of the weathering agents,* 
which also break these rocks down into sedi- 
mentary forms, and Which are capable — ^given 
sufficient time — of removing strata thousands of 
feet in thickness, so that the giant massed of the 
Alps are but the trifling remains of the incon- 
ceivable mountains ' which once reared their 
summits into/ prehistoric sky. Again, the 
igneous rocks which we now find on the earth’s 
surface may have been brought to the ground- 
level in a liquid form by what we call volcanic 
forces, as is even now happening at Vesuvius, 
.Krakatoa, Mont Fclee, or the other active 
volcanoes which survive from the remote age 
when . they were far more active and more 
numerous. Igneous rocks which were produced 
in the latter fashion are called volcanic^ whilst 
those which solidified deep doMii, and have 
since been revealed, are called phitonk. Tlihse 


back at the history of the 
earth, as described in an 
earlier chapt<?r, we sec that 
the whole . substance of 
u hich the earth’s crust is 
now composed* was once in 
a state of fusion. Thus 
every rock which wc can 
find on the surface of the 
earth must once have 
formed part of an igneous 
mass ; ' in other words, it 
wns'onoo liquid, like the 
lava which pours from the 
^^eh t of * an ' act i ve^olcano 
or. the slag of, a blast- 
-furnace which is skimmed 



names are derived from 
those of two Greek deities 
— Vulcan, whp was si;p- 
pps(‘d to work inside, 
the burning mountain 6T 
Etna at forging the bolts 
of Jove, and Pluto, who 
■ was the ruler of, the 
under- world. 

Physical l>istlnc» 
tions. Those two divi- 
sions corrcvspond to well- 
' marked physical distinc- 
tions in the two classes of 
rocks. The volean ic rocks, 
which mainly cooled on 
or neat llie surface, natu- 


otT the molten iron. But 23. i 

it would be vain to hope 
to lind any part of the earth’s surface still in the 
condition in which it was left when the molten 
rocks first solidified. 'Phe natural agents of 
change, which w^e sliall study in a later chapter — 

V ind and rain, ice and running water, and all 
the powers of the air — have been at work for , 
countless agiM to modify those primitive con- j 
di tions [s(*c page 287]. . 

Volcanic Plutonic RocKs. It ^ 

IS clear, however, that the igneous rocks w^hfeli * 
we now recognise have had their origin in two ' 
ways. They may liavc been solidified deep down 
beneath the surface of the earth, and have 
gradually made their appearance at the level of 
the ground, where wc can now study them, by the 
double action of those forces which gradually 
upraise the lower strata in one part of the earth, 
^hile they depress the upper portions of the 
crust in another; or they may have been 
expo8i»d to view by the slow denudation which is 


nTMiCK rally solidified far more 

quickly, and arc therefore 
marked by a inucb finer crystalline structure [see 
Physics]." Sometimes— as in obsidian, or the so- 
called volcanic glass— they show no crystalline 
struefuce at all. Often they are full of holes, or: ■ 
vesicles, left by the escape of the gases with which ■ 
they were charged when they first escaped from 
the vent of the volcano. Pumice-stone [23], in 
which the holes arc more extensive than the sub- / 
stance, is a familiar instance. In general, thev- ., 
closely resemble the slag which the student can/ 
examine on the refuse heaps of a blast-furnace. 
Volcanic products may be super ficM, poured out 
in vast sheets on the surface, or intrusive^ thrust ; 
up in dykes or bosses from tlie hot interior. l?he ^ 
Plutonic rocks, however, solidified deep down^^J. 
under the earth, and consequently cooled so : 
slowly that they had time to develop a^wpll-/ 
marked and “frequently coarse ci^talline sttuc^. 
ture. The linmense pressure of the superin- 
oumbent rock-masses — often 10 or 12 miles 
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cted these rocks as they coole^^ 
lioh 


thick-— oomi 

and gave them a close texture which left no ' 
. room for the vesicles, or bubbles, so character- 
istic of the volcanic rocks. There are other 

distinctions, but 
these two arc 
sufficient for the 
beginner to note. 
Volcanic rocks 
show atnall crys- . 
tals, or none at 
all, and are often 
loose in 1 ('xture 
or iull of holes. 
Plutonic rocks are 
close in texture, 
and show large 
(crystals. For the 
purposes of ele- 
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mentary descriptive geology, however, this dis- 
tinction, though it must bo clearly understood, 
need not be used in classifying the igneous 
rocks. The same rock is found in both con- 
ditions, according to the cir- 
cumstances in vhicli it was 
produced. 

Crystallisation of 
Rocks. Once upon a time 
all the igneoiLS rooks existed 
in the form of a liquid lava. 

This liquid was closely akin to 
ordinary molten window-glass, 
which consists, like it, of a 
mixture of silicates. Of course, 
it must not be thought of as 
transparent, because it < on- 
tainecl a great many impuuties 25. <mv\rTR 

and colouring matters from 
which the gla.ss of our manufacture is care- 
fully purified or kept free ; but in all essential.s 
it was glass, and sometimes cooled, as m 
the ease of obsidian, into a .suf)stanee hardly 
to bo distinguished from the coarse glass \\hieh 
is made for bottles. If it ^va3 allowed to 
cool slowly, how<‘ver, its eompononts arranged 
' themselves into crystals of the fundamental 
forms corresponding to their chemical composi- 
tion, and the slower the cooling the more com- 
plete was this process o crystallisation. Some- 
^ times it was cut short in the middle. Part of 
ytho lijiuid had crystallised when the remaining 
imgmi — as it is technically called — was solidificKl 
‘Jso fast that it had not time to form crystals. 
"Consequently, i\c tmd igneous rocks which may 
bo^ wholly crystalline, like some granites, or 
f p^tiy crystalline, with the cry.stals set in a 
' formioss meUriv, like porphyry, or not crystalline 
at all, like obsidian. 

Again, the igneous rocks differ widely in iheir 
chemical composition, though they are all com- 
posed — ^with insignificant exceptions — of the 
: minerals which ha ve already been described. It 
is true, by the way, that the exceptions are 
insigniffoant from a geological point of view ; but, 
humanly speaking, we must treat them with 
respect, as they include some of the ores from 
which our currency and much of our manu* 
j^tures are derived. 
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Clasoification of Igneous Rocks. 

There is a$ yet no thoroughly satisfactory 
elassifieaiion of the igneous rocks. There are 
several more or less efficient systems by which 
such a classiffcation may be attempted. It is 
quite unnecessary to trouble the learner with an 
account of these. We need only say that rooks 
may bo sorted into groups in different ways, 
according as we consider their chemical compci- 
sition, their texture, the minerals of winch they 
are built up, their mode of occurrence in the 
field, their origin, or their distribution in time 
(geological age) or space (locality). Various 
attempts have been mad <3 to di.scover a really 
scientific principle of cIas.^ification, but as yet 
they have not been wholly successful. It 
depends ou tho object of study whether one or 
another of the various methods proves to be tho 
mu&t convenient. For our purpose, tho loamci’ 
may be rci'omiiKmdcd to the classification 
adopted by Sir Archibald Geikit' in his “ Text 
liook of (ieology,” Book II., Part 2, Sect, vii., 
where it may be studied at h‘ngtli by those who 
desire a elosiT acquaintance 
with the leading igneous rocks 
than wc* can give* in these neces- 
sarily brief pages. It will bo 
understood that the student 
must supplement this part of 
the cour-tc by an oxRminaiion 
of the various rooks, both in a 
museum and in the fidd, and, if 
possible, by some work in a 
petrological laboratory, and in 
a fidd class. It is sufficient 
luTo to give an abstract of Sir 
A. (^eikio’s classification, which 
IS based on the dieiui(*al and 
minoralogical composition of tho igneous rocks, 
and arranges them in a progressive order, 
according to the pnqiortion of silica w'hich they 
contain, from <^hc most acid t^o the most basic. 



26. Mir\ (mi^scovitb) 

From Madras 

[See the course on Chemistry for explanation 
of those terms.] There are ton families of tho 
igneous rocks, which Sir Archibald Geikio divides 
as described in the following pages. * 
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Granite Family. This is by far the most 
important family of igneous rooks. The granites 
and their allies compose a very large proportion 
of the earth’s crust, and everybody is familiar 
with the vast rook masses and imposing cliffs of 
granite which play so large a part in the liar- 
monies of the terrestrial landscape [and in the 
operations of human architecture. They are 
chiefly pliitonic in origin. 

Granite <*onsi.sts typically of the three 
minerals, quartz, f<‘ls})ar, and mica, which form a 
thoroughly crystalline aggregate. I’licre kim 
very numerous kinds of granite, which vary {a) 
in the size of the crystals, som<*timcs so coarse 
as to he .sovtTal inches in diameter, .sometimes so 
1inc^ that the naked eye ejuinot distinguish the 
crystals of the variou.^i minerals from one 
another ; {h) in tin* chemical composition of the 
felspar and mica (sen* S(‘etion on Minerals]; 
(c) in the presence of otli(‘r minerals in addition 
to the quartz aiul felspar which are essential to 
the constitution of a granite. For a more detailed 
account of the.se varieties 
the student must r(‘fer 
to Gcikie — or to Teall's 
‘ British Petrography.” 

He will be well advivsed 
alsi to .study all tin; 
spt^eimons of granite in 
any acoessibli* geological 
museum, from which he 
will learn how a singh^ 
rock may pre.sent itself in 
innumerable and exceed- 
ingly varied forms, which, 
iKwertheless, can all he 
referred to a single family. 

They are the most acid — 
contain the most silica — 
of igneous rocks. ['24*26] 

(B1.ANITE - rouruYRY is 
a line-grained granitoid 
rock, which consists of a 
very fine crystallim? ma- 
trix of quartz and hdspar, 
looking almost Jiomogcrieous to (he eye, through 
which are seattt^r(*d huge crystals of hd.spar. 

QuAHTZ-roRriiYRY is a rock <’onsi.sting of a 
close-grained matrix (grey, brown, or junk) of 
quartz and felspar, through which are disjiosed 
distinct crystals of quartz. 'Fhese porjjhyries — a 
term reserved for rocks consisting of finely 
crystalline and aj)j)arcntly lioinogencou.s ground- 
masses, through which larger crystals arc .scat- 
UTed— su])|>ly some of the most ornamental of 
our building stones. T'hcy arc often confused 
in popular language A^ith tlie marbh^s. 

Rhyolite Family. The rAyo/iVos are mainly 
of volcanic origin. Their name signifies this, 
being derived from tlie Greek word '‘to How.” 
They are distinguished from one another by 
variations in texture, depending on the con- 
ditions in whic h they cjoolc^d from the great laya 
outbursts of the early world. 

Rhyolite is a typically acid lava, with a high 
percentage of silica (77 or more). It varies much 
in structure and t<?xture. Some variations con- 
sist of a crystalline aggregate of quartz and 
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fslspar which might be mistaken for granite ; but 
the more common form is that of a finedy crystal- 
line ground-mass of quartz and felspar* in which 
occasional larger crystals of these minerals are 
scattered. 

Obsidian, or volcanic glass, is a glassy form of 
rhyolite which strongly i-esembles bottle-glass, 
and, like it, breaks with a eonchoidal fracture. 
It is usually black, brown, or green. About 
75 per <;ent. of its composition is silica, with 
about 13 per cent, of alumina and traces of other 
oxides. Its glassy structure is due to its having 
solidified so rapidly that there no time for 
crystals to form. 

Pumice is a rhyolite which has cooled 
whilst so full of e.S(*aping gases that it has 
developed a spongy, cidlular texture, like 
petrified froth. It. is a characteristic volcanic 
product. 

Felsite is a rhyolite wdiich w^as originally 
glassy, but has been devitrifiiid by the process 
of time until it has dm^olojwl a char.aoteristic 
structure, which often 
causes it to ho confused 
with e( )nglomerat e. 

Pttc:h.stone rejiresonts 
a still further stage of 
devitrilieation, and has a 
resinous or pitch - like 
lustre, wlience it.s name. 
It is a volcanic glass, con- 
taining tiny crystals of 
(juarlz, felspar, horn - 
blende, etc. 

Syenite Family. 

Sf/evif<\ the, rock of Syeno, 
is a hoiocrystallinc mix- 
tun* of felspar and horn- 
l>l(‘ndc, with wliich mica, 
augitc, inagiK tite, and 
cjuartz ar<^ sometimes asso- 
ciattal. A typical syenite 
is a coarsc'-grained mix* 
tun^ of llcsli - eolour(‘(l 
ortlioclaso felspar and 
black hornblende. 'J’hcn? arc* many varic'ties 
of sycaiite, which arc* chiefly found as volcanic 
or intrusive sheets and dykes. Though less 
ahundunt than the granites, they play an 
important part in the formation of rock-masses. 

Elaeolite-Syenite Family. These arc 
also intrusive rocks of volcanic origin, which 
are charactcris(*d by the a.ssoeiation of the 
variety of nej^heline known as elaeolite with 
orthoelaso felspar. No quartz is to be found in 
th(*m, since th(‘y do not contain enough silica 
to cry.sf allise out in this form. 

Diorite Family. These rocks possess 
a granitic structure, but contain less silica 
and seldom any free quartz, whilst they differ 
from the syenites in containing felspar as plagio- 
elaae instead of orthoclase — soda-lime felspar; 
instead of potash f(*lspar. From their typical 
colour they were formerly known as “ green- 
stones ” — a term which bos no scientitic founda^ 
tion. though it is still often used for convenience 
in a hasty classification of rooks in the field. 
Diorite icijholocrystalline mixture of plagio* 
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: cl^ homblendo, with traces of othec 
; iniuera^/ such as mica and magnetite. It con- 
, taiua about iSO per cent, of sihea. 

'Xf^chyte Family. iPho trachytes are vol- 
icanic rocks whose name signifies tiiat they 
" present a roughness to the finger. Their osai^itial 
: constituent is sanidiuo, a glassy variety of dftho- 
clase felspar, Tradhifte is a lava of tertiary and 
post- tertiary times, wdiieh i.s found in most of the 
old volcanic regions of Europe. Special varie- 
ties are phonolitet or clinkstone^ which gives out 
a characteristic ringing sound wdien it is struck 
W'ith a hammer, and trachyte glass, a variety of 
volcanic glass which 
is less acid than 
obsidian. 

The Andesite 


pvToxeno, olivine, and ruagnetito. The silic^a is 
about' ^ per cent. The structure is usual I ; 
similar to that of granite or granitoid. 

Dolkkitb is usually holocrystoJline, and con- 
sists of plagioclaso, wvith a ferro- magnesian 
mineral (aiigito or olivine) and magnetite, 
t5ilica about 50 per cent. 

Basalt is a black, very e.onipact, apparently 
homogeneous rock, with a conchoidal or glassy 
fracture, in which thi^ constituent minerals can 
only bo observed with the microscope, wdiich 
reveals a minute ‘crystalline .structure. Basalts 
consist of plagioclase, pyroxene, olivine, and 
magnetite, and con- 
tain from 33 to 50 per 
cent, of silica. The. 
b a salt .s, of wdiic^h 


Family. Andesites 
— originally found in 
the Andes — are more 
basic than the trach- 
ytes, from which they 
are also disi inguished 
by having plagioclaso 
as their felspar. They 
usually have a com- 
pact ground- mass, in 
which prisms of fel- 
spar arc scattered. 

They contain about 
60 per cent, of silica. 

Gabbro, Doler» 
ite« and Basalt 
Family. -This is 
an interesting series 
of igneous rocks, 
characterised by their 
small percentage of ^ 
silica. “ At the one R 
extreme come rocks 
w ith a holociystailine 
structure like the ^ 
gabbros, passing info 
others of a hemi- 
crystallino character 
(dd'Tites), w her e, 
amid abundant erys^ 
dais, crystallites, and 
vtnicrolitos, there arc 
'Still tracers of the 

pri^inal glass, ami 28 ^ 

thou graduating into 

where the texture is still closer, with 
abundant ground-masss and often a more 
composition (basalts), until at the other end 
come true basic volcanic glasses, which exter- 
naUy might, bo mistaken for the pitchstones and 
obifiidians of the acid rocks. The more coarsely 
crystalline (holocrystalline) varieties are almost 
always intrusive in bosses, sills, or dykes. Those 
of closer texture are often found as superficial 
lavas as w'oll as in Intrusive forms ’* (Gcikie). 
After the granites, this is probably the most 
&i>0ri/ant and numerous Moup of igneous rocks, 
can only find space for a few notes on the 


can only find space for a few notes on the 
’Isadittg types. ' -^V 
{ GABBRo;is a coarsely o^t^ne rock com- 
■:^ed of- ^a^iocj^ 
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there are numerous 
varieties, are tyiiical 
products of volcanic 
activity. Some occur 
as the remains of 
superficial outbursts, 
but more commonly 
they are intrusive, 
and a])pear in great 
dyk(*s and bosses 
which have been 
thrust; up to the sur- 
face of the earth from 
th(‘ heated regions of 
the inf(Tior crust. 
Basalt often passes 
into the ooudition of 
volcanic glass when 
it has cooled very 
(jui(‘kly. 

Limburg ite 
Family. These are 
volcanic rock.s of 
highly basic oomposi 
tion, in which felspar 
is wholly ahsriif,. 
Umhurijitr. is a lim*- 
grained to vitreous 
rock, conii^isod of 
aiigite, olivine, mag- 
lu'lltc, and apatite. 
Silica about 12 per 
cent. A ufjUe consist, s 
of aiigito and riiague- 
t ite in a glassy matrix. 
Tlussc rocks arc the 


Peridotite Family. Tlussc rocks arc the 
most basic and contain the least silica, averaging 
about 40 per cent., of all igneous rocks. Their chief 
constituent is olivine, with augerite, hornblende 
or mica, and magnetite. They are'^ holocrystal- 
line when fresh, but are usually found in altered 
states and as intrusive forms of volcanic rocks. 

Serpentine, as a rock, is a massive form of the 
mineral serpentine, which is a product of the 
alteration of peridotites containing olivine. It is 
a Compact of finely granular rock of a charac- 
teristic dirty green colour, streaked with brown or 
red. It is a ^hydrous magnesian .silicate, w'hich 
is formed by the action of superficial .agents 
from the olivine originally intruded by volcanic 
action. W;. E. GARRETT FISHER 


GROUP 20 MECHANICAL ENGINEERING • THE BUSINESS OF M ACHIN ES^ CHAPTER 1 6 


Hydraulic Rams and Syphons. Types of Water.Wheels. Pelton 
Wheels. Varieties of Turbines. The Horse -Power of Water. 

WATER POWER APPLIANCES 


'T'his tirtiolo deals witli the applications of 
* hydraulics, the leading princii)Ies of which 
have t>een already stated. The })ractieal impor- 
tance of the HiilJjeet is now greater than ever, 
and it inci’(‘a‘'‘(‘s at a rapid rate. 

It is not always possible to diaw hard-and- 
fast lines of division between dilferent kinds of 
water motors. Ilydrostat ies and liydraulies 
o\’vrlap in regard to their a[)f)lieations. If we 
attempt to distinguish h(‘tweeii weight and 
pressure, we have already si‘eu tliat the results 
of natural head iirv- produced hy pressure in 
th(' aeeiimulator through tJu^ medium of pumps. 
Klnetie energy, or that due to velocity move- 
ment of a liquid, is obtainable from cither head 
or pressure. Head is due to gravity, and the 
lifpiid is (.inly the agent through which gravity 
acts. When W(^ come to the methods of utilising 
water-power Ihii dillVrcnccs in these ai(piire 
a practical interest. 

Hydrostatic and Hydraulic Machines. 

Hie distinedion between the liyilrnstatic? 
and hydraulic maelnnt‘s msy be put terseh’^ 
thus: in the foini'r tli(‘ liquid lias energy 
of motion, hut only that of pressure ,* in theseeond 
pressure is employed to produce motion, and 
the', energy of the motion is tliat ^^hieh is utilised 
for doing work. .In strict ru'ss, ther<‘for(‘, the 
various so-ealled hydrnulie ongiiu‘s bidong to lh<‘ 
same class as the ])ress cylinder and rams, 
and not to the turbines and allied machines. 
They are so designed that with littli^ essential 
modilicaiion they can be used for liquids and 
gases alike, a ])oint we sliali note in rotary 
blowers and eimtrifugal pump.s. One of the 
best-known engines, the " Brotherlmod ” three- 
cylindm’ type, can be, and is. actuated by^ steam 
pivs.surc, or water, or eomj>r(‘sseil air, as in 
torpedoi^s. 

'riio raf)stans which one .sees on ([uay'^ and 
dock walls are often operated hydraulically 
by means of engines with oscillating cylinders, 
th(‘ pistons of which all <lrive on to the crank, 
which, being eontiuuoiis with tin* shaft that 
o])orates the meelianisrn to which the engine is 
eonneete,d, drives it. In the ea}>stau this shaft 
is the one to which thc‘ ea)KStan head is attached. 
In Hoim* eases the “ Brotherhood three -cylinder 
type of engine is used, in otliers, four cylinders, 
liio pressure water enters and leaves through 
passages in tlie cylinder trunnions. 'Fhese 
fiassages an^ opuK'd and closed hy the oscilla- 
tion of the cylinders. 

The Hydraulic Ram. This machine, 
which utilises the* kinetic energy of moving 
water to raise a portion of that water to a very 
higher level than tlu' source of supply, 
is not a paiailox. It does not contradict the 
law that water can only tind its owm level. 


The problem is not hydrostatic, but dynamic, 
(liven a constant water supply, therefore, 
it. would como near fiiltilling the ideal of 
perpetual motion. 

In this machine [129] -water flows from a source 
of supply, as a j»ond or tank, A. under a head, 
coming through a sloping pipe, B, the drive pipe, 
into the ram. This consists of a casing, C, having 
two valves, and an air vessel. The valves are 
the check valve, or delivery valve D, opening 
into the air vessel E, and the dash valve, or 
door F, ojx'ning downwards into Uu5 casing, and 
diT»pping hy its own weight. It comes between 
till' source of supply and the cdieek Vcalvc and air 
vessel, to which the delivery pita* is connected at 
(1. and which is eoimcetcd to the tusterii or other 
vessel which lias to he suppli(‘(l -with water. 
T1 w actiun is as follows. 

How the Ram Works. When the valve 
(not indicated) which closes the mouth of the 
drive pipe at lh(‘ feed tank mid A is opened, 
the water (lows down the pip(‘ B into the rain 
i\ ami hi'gin.s to t^seape by the dash valve 
P. But almost imincdiab'ly the impact of 
the water on Hie iinchu* side of this valve 
lifts, and (-loses it, pri'venting any further 
escajic for the. jm-Uiicnt in tlnit way. The 
lUDinentum of the watiM*. thus arrested for a 
liin.‘, raisi‘.s the pressure in tlie body of tlie ram, 
lifting till- cheek valve I) edrnrniiniealiiig with 
tlu‘ air ve.ssel E. and soni ' of it passes into this 
vessel, 'riien then* follows a recoil of the 
wati'r into the drive pi])e, whieh allow.s the dash 
valve E to dro}>, allowing soul • water to How 
past it, and tlu* cycle of operations begins again, 
and is rcfieated from 40 to 200 times a minute. 
At. each movement a little more water is driven 
into the air eluimber E, eom])n‘ssiiig the air 
Tlu'iein, and being in turn ejeeti^d through the 
only outlet possible, that into the delivery pipe 
(J k'ading to the .storage. 

Advantages of the Hydraulic Ram. 
Thousands of these valuable little pieces of 
mechanism havtj been litted in country houses, 
farms, and institutions where there is no public 
service ivater available. They are made in more 
than a hundri‘d modified designs, only one of . 
which is shown, to suit all kinds of conditions, 
until nearly all things are possible to th(5 possessor 
of a suitable ram. It will work 24 hours a day 
with practically no attention. It <»an be made 
to work with large or small quantities of water, 
from 1 to 2,(X)0 gallons a minute, and to suit 
falls of from 18 in. to 100 ft. Hydraulic 
rams are designed to raise from 300 to 600,000 
gallons a day. Some of fhom \vill force water 
to 1,000 ft. in height. By compavioun with other 
methods of water raising they show to much 
advantage. Windmills, water- wheels, pumpdv 
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ertgmes, olectric motors, all suffer from various 
, disadvaatages due to their grt^ater co^t and coni> 
plication, besides which they all req\iiro more 
. re^lar attention than rams do. 

' The ^ypbon.. The syphon is not a mere toy, 

- dr a deviee utilised, on a small scale by a gardener 
' or plumber for emptying a tank or cistern. It is 
• tho principle employed on an immense scale 
in bringing water-supplies to cities. Only in these 
cases ^0 syphons are huge japes inverted, and 
having nuihcroua valves at eeitain points of 
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junetion for the jjrevontion of tho (low, or return 
of the water in eases of ac(Mdent to the j)ipes. 
The Romans built magnifieent aqueducts for the 
supply of water to their eities, and in this respect 
put to shame the insanitary nations of the long 
Middle Ages. But they do not seem to have 
understood the syphon, f()r .they always carried 
thtur aqueducts horizontally on immense arches of 
masonry over the deep valleys. Tho modern 
engineer sim|)1y lays down pipes of east iron or 
steel following the contour of the Aalh'ys, knowing 
that water will ascend in the endeavour to (ind the 
level of its lu^ad. Tlie system is us(hI in the American 
and Russian oilfields, as well as in numerous 
acpioducts, as the Croton,, where a syphon passes 
under tho Harlem River in the ITnitcMl States, 
and in the Manchester-Thirlmere, tho .Birmingham* 
Welsh, tho Livcrpool'Vyrnw'y, and other British 
water-supidios. 

Chamber Gears* Wc must not jiass without 
notice a group of mechanisms, which are more 


the most familiar form, but qvoryono does not 
know that this has also been employed as a rotary 
pump! Tw’O two-lobed wheold revolve in contact 
with each other and within their casing. The 
lobed wheels or pistons, being rotated in unison by 
an external source of power, projiel liquids as 
well as gases. Thoi'e are several types of these 
rotary pumps, of especial value for viscous liquids, 
and they are interesting studios in apijlied me- 
chanics. Fig. 133 is a rotary pump which is simply 
a pair of toothed wheels of the gear typo rotating 
and ■ interlocking. Sulwtantially, tho ditfereiice 
lK‘tween 132 and 133 is that tlie wheels or impellrrA 
in the first have two tooth each, thoso in the second 
have six. Tho contact is constant hctwceii thc^ 
wheels and thoir casings, so that fluid cannot pass 
through in a dir<H*t course, but must oceuj)^ the 
spaces swept through by tho rotating wings or 
tooth. -Fig. 133 is familiar in macliino Hho])s in the 
form of an oil or suds pumj) for lubricating 
Fig. 134 is a form used as a hlow'or. It will h(^ rocog* 
nised as identical in princii>le with Baker's well* 
known blower, tho latt(*r having two small discs 
instead of one ; and this has' been nsed as a pump. 
Fig. 135 is a modified Roots’ blow"(U’, also used as a 
]>uinp for other liquids he.sid(*.s water. Fig. 136 is 
another type in which the rev<)lving bodies arc 
iiidikc, two teeth on om* tilling spaces in tho otlu'r, 
and during the intervals the circular l)odies are 
in contact. It is termed 


the drum pumjt. The 
movements of tlie two 
j)istons create a vacuum, 
into which tho wat(*r 
flows, and becomes forced 
(iut l>y tho front face of 
the amallrr piston. 

The Drum Pump. 

This jmmp is suitable for 
rcmovirjg semi - liipiids, 
such as slurry, or wasf»s 
from bnnveiics, j>ajiC‘r 
mills, soaj) manufactr^ries. 
«'tc. It c«)nsists of a 
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revolving j)i.ston sweeping 

out tho cylinder at every revolution, the re- 
volving piston dipj)ing into a revolving valvi; or 
eyiindrical <lrum. tho openings in whieli are arranged 
so tluit the j>iston jwisses through without slip, 
hack j>rossure, or uiidue frietion. When tin? re- 
volving j»iston moves naiml from tho revolving 
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familiar in the form of blowers than of water- valve a vacuum is formed, into which tho 
pumps, ahd to which the term chamber gear water flows and is forced in tho front face of 
%^atiUms has been given. Roots’ blower [182J is the piston. The action of the pump is shown in 130. 
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Centrifugal Pump 
Blades- " The blades or vanes 
are generally curved, because 
that is the form which is the 
must eflieicnt in the propulsion 
of the liquid from the centre to 
the circumference of the casing. 
We shall meet with similar 
curves directly in turbine prac- 
tice. High speed is essential in 
any case, to the efficiency of 
those ])um|)S. 

The curv<‘s or the vanes are 
r(‘ferablo radial lines, thus: 
if a rigid n>d fl38 j revoIv<?s about 
a centre and carri<‘s a loose 
ring upon it. which we may 
suppose to be a jmrticle of 
water, the ring will move to 
the end of the rod under the 
acliun of et'iitrifugal force. But 
in doing so the path which it 
describes will not l>e a radial 
on(*, but a component uH radial 
an<l circular motion. In passing 
frou) (t to hy tile path taken by 
tlic globule will be that indieated 
by the dotted line r. If the rod 
lx; inelimxl away from the direc- 
tion of rotation, as at r/, that 
will favour the outward movo- 
nn ut of the globule, and the 
stee]K‘r the angle of inclination 
the iiKue, rapidly will the ball 
lx; forcixl out to the oireum- 
fiMt'Uce. 'rhough pumiis are 
uiad(‘ with straight inclined 
bhulcs, it is bf‘tt(;r to curve* them, 
and tin; shaiie of the (*urvo may 
be approximated by moving a 
])eucil ill a radial direction across 
the face; of a revolving disc. 

It will be found that curves 
will bi; dcscrilicd rc.s(‘mbling in 
f(H’m*tb(' \aucs used in pumps, 
and tin; more rapid the rate of 
r«)tation the larger will he the 
amount of curvature or spiral 
developed. These;, tlu*refore, 
indicate the ajijiroximatc forms 
of the vanf*s of pumps of this 
< lass, I'xamplcs of which are 
given in 139 to 141. 


The Centrifugal Pump. This jaimp [137] 
will be; recognised also in the form of the fan, so 
that here, too, a mechanisi is used either f<n* 
licpiifls or gas('s. The blades ir vanes are rotated 
within a (‘using, from any ' .mveiiient source of 
power, eonpJed to the shaft A, ind will pumf) water 
and othi-r lit) aids, el(*an or dirty, as tiK'n; arc no 
valves to bceonu* choked up. 'I’he sann; mechanism 
is ufccd for dodging sand, gravel, and mud, just"' 
as the centrifugal fan is employed in extracting saw- 
dust and shavings from wcxjdworking machinery. 

Fig. 137 represents a 5*2 in. pump hy 'fangyes, 
l.«t«l., the m(;asur('meut being that of the discharge 
opening Jk It is a double suction pump — that is, 
the liquid enters by two tubes, C, (1, diverging 
from a single pipe and opening into the jmnip 
at the sides, where the liciuid develops kinetic 
energy by tin; rev olution of tin; vanes I>, and being 
discharged at the coned openings and passing 
^und the volutc-shap(;d casing E, escapes at B. 


Curvature of Blades. It must not bfc 
imagined, how(;ver, that the determination of 
the most suitable curvature, or the (piesti<>n of 
straight inclined blades versus curves, is so simple 
as tlie forgoing elementary example would seem 
to imply. The whole subject bristles with difficulties, 
and the form of the volute, and of a whirlpool 
chamber in some cases, has much iiifiuenco on 
results. Only by much cxiicrimcnting and ox- 
pcrien(;c have the })ump manufacturers been 
able to produce the most efficient pumps foi* 
different speeds and heights of lift. 

The real behaviour of a pump that is modified 
in design only slightly from pi'cvious examples 
has to be ascertained hy experiment. Curious 
anomalies have come out som(^tim(;s. But the 
not result is that a given pump has some particular 
speed and height of lift which is its maximum: 
iK)ssible. And it is found that there are limits 
below, as well ak. above, at which a pump will 
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pot work pflficientiy, though tho 
latter caso onfy is often iwcepted. 

Mechanical Efficiency* 

Tho pontidfngal pur^ is sub- 
. Btantialiy the inward now turbi ne 
reyerg^* . Tliat seems* a very 
pimple fact. Yet the mechani- 
! cal efficiency of the pump is 
much less than tlmt of the 
turbine. While the latter eoii- 
, verts about 80 per cent, of tho 
‘ potential energy of tho water 
into useful work, tho centrifugal 
pump rarely gives out morcj than 
55 or 60 per cent, of the work 
put into tlio shaft, and fre- 
quently not 80 much as that. 

The explanation offered is that 
in tho turbine potential energy 
is converted into kinetics but in 
the pump the kinetic energy t £ 
the water leaving tho vanes is 
translated into the potential 
form — that is, in the form of 
pressure or shock. To re<lu(‘{! 
this is the object of curving the 
Vanes; also of discharging the 
water into guide passages of 
gradually increasing area, as th(^ 
volute [i37j, until the veloi'ity 
is sufficiently reduced. Anri, 
liiially, t<j allow water leaving 
tho wheel to form a freci spiral 
vortex in tho jiuinp casing. 

Aim in Construction* 

In tho construction of these 
pumps, as of turbine buckets, 
the obj(‘(.'t is to ])ro])ort,i<)n the 
eurv(>8 so that the watd* shall 
pass through with the least 
I'riclion, and leave tho buckt'ts 
with as little velocity of move- 
ment as possible, because A'ck)city 
moans so much energy wasted. 

A scaiondary advantage of curved 
vanCs is that as they permit of 
more sUp between their faces 
and tlu' water, they are more 
favourable to efficieiiey under a 
larger range in speed than radic.l 
vailes are. Experiments by tlu^ 

Hon. R. C. Parsons showed 
that invarinbly the efficicuicy of 
wheels wiUi curved \%ines was greater than that Wlun i Mk uu is tlouin^ Us ia1( of movement 
of those wdth radial vanes when the wheels dis- is sl<»w ot swilt adoidnu Us fall is slight or 
chiPrged into a vortex chamber. It has also been lensuht ibk 11 it fills oiu toot in the louise of a 

proved that efficiency increases rapidly with the mile its inoM ment is slow at the othei extreme 

(mantity of tho discharge. Centrifugal pumps ace wt have tho rapids, the lascades, or tho lataiacts 

eV eti in ortler to decrease the divergence of tho In each cast then is potiiUial tnergy pic&cut, but 

streams passing through the pump, and so to* it is haitlh, if at all ipparont in the fiist while 
ijpducc the residual energy. obvious in th< suond One can hardly realise 

• Water-Wheels. These come on the border \iiUni tntig\ in the Thames^ but it is stiikmg 
lino of mechanisms that act by gravity, and by giand in Niagaia 

■ kinetic energy. They act mostly by gravity — the Value of Dams. Hut if we should dam tho 

turbines do so by energy of velocity. But in some Thanus, thi iiotmtial i nergy of the sticam would 

forms of tho water-wheel gravity force develops luconu a])paient When old London Bridge was 

-into that of momentum, and in some forms of in txihience, tho nairow 4rehes dammed the watci 
low-pressure turbine, gravity is tho principal form back so rauih that severid feet of h^ad was utilised 

6f force. We sh^ll, therefore, consider in brief for driving water wheels. The oi^oct of damming 

. the characteristic! of the principal types. But . is simply to raise the level of the water at that 

j^t it will be desir^ablo to enow by what methods locality, and so e^mcentrato at one place the energy 

tho potential onbrgy qf ;ydowing|w|^|ors is coerced ^ due to gravity which had been pieviously dissipated 

and Utilised, ^ upper reach of the stream. If, foi 
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iiistAhce, a river has a fall of 10 ft. in a mile and a with cuirvod buckets, an important distinction which 

barrfer is stretched across its course 10 ft. high, tho will form a text for the discussion of the forms of 

water will drop 10 ft. sheer, and will give out the buckets in general. 

energv duo to 10 ft. of head. This was the device When water impinges against flat vanes, eddies 
of the old millwrights, who drove water-wheels by are produced which waste some of the power. By 
gravity acting through the head of water. substituting curved vanes, with the concavity 

Actually. 10 ft. is a rather low head, and requites facing tho water, the water runs up their.faccs, until 

a large volume of water to make it very efficient. arrested by the action of gravity, when it falls 

At the other extreme, therefore, there is the t ascado, again. But it exercises pressure, and does work 

many scores or hundn’ds of feet in hcitrht, but <iuring both movements. This simple device of 

having its potential force broken up and dissipated curving tho buckets is applicable to all kinds of 

on a series of rocky steps. But if it be enclosed in water-wheels and turbines, and Ims Ixnm tho subject 

a chute or a ]>ipe so that the frictional losses due of many formula*. Tho original idea appears to 

to tho broken waters are minimised, it becomes have been due to Fair bairn, who substituted curved 

capable of exercising powcTS that are often measure- iron buckets for straight wooden ones. Another 

able in that of many huiKlro<ls of horst^s. ini]>rovement due to him, a])])lieaVjle only to the 

'Phe i)roi)I('m now becomc'S how best to utilise overshot and breast water-wheels, was the venti- 

the low and higi) as they arc ternu'd. An lating bucket — that is, a narrow s])a (0 was left 

enormous amount of water 'motor engineering between the bucket and the rim of the wheel, from 

centres around them, but nearly all are capable of which the bucket starts. Any air imprisoned with 

classification under tiu; two h(‘ailings — ^water -wheels the water in its dcsc-ent esea])es through this space 

and tjirhines. into the bucket above, instead of ooeiipying space 

Wabu'-wheels are elassc'd as urershot when tho that should only bo iillcd with water, and so dasning 

W'atcr eonu's over and nearly at the top of the the w'ater out. 

Mhccl; wlu.ii it Pelton Wheel. A water-wheel whuli 

eentr.', sal.-divKl.-a also into h;,h and hm- conncctinR link between the Rravity 

wheels: under^hol when the water eomes at the the turhines is the I-i-lton wheel. It 

bottom of I lie w'heel. ^xainplo of tho impact wlicid, pure and 

. Overshot Wheels. Tn tlu'se wh(*<‘ls the simple. A niimlx*!* of curved buckets an? arranged 

water is brought along a shoot - the head rare nrouiul a disc, and a jet of water is drivim through a 

above the whci'U and is discharged into the (‘urved noy/zlo against them under pressure. It utilises 

buckets i mined iatily iieiieatli. It is, therefore, very low and very liigh fulls, and also the force of 

essentially a gravity wdiccl, though, as the water (h^ watm- pumped to a high pressure, as in the 

must po.sscss soTiK* v(‘Iocity at the moment of hydraulic iiower mains of cities.* It is prc-omimmtly 

discharge, that must he credited with a small the. waier-wh(‘el for high falls, being ada]»table for 

portion of the results. The buckets arc curved to working at anv beads from about 20 to 2000 ft. j 

retain as much of tho watm* as possilili* before it is some installations exci t'd even tliis amount, 

discharged into the fail rare with the revolution of A great advantage of this wdiei'l is its extreme 
the wheel. simplicity of eonstruction. A jet or jets of winter 

Breast Wheels. In these, water is intro- arc. diiocted against the liiiekct, and slight varia- 
dueed somewhere between the to}) ami the middle lions in tho dimensions of the ti]) of the* iio/.zle, 

of the wheel, and therefore it. acts ehicHy by varying the volume diri'cted against the buckets, 

gravity. An advantage of this type is that, the render the wheels ca])al>l(^ of working efficiently 

movement of escaping water is assisted by the under varying water supplies. With low heads, 

rotation of tho wdieel. 'Phe buckets are either large, wheels witii iiiiilvets of largo oa])aeity are 

curved or faceted to ajijiroximali? to <‘iirve<l required. The spi'ed is determined by the head, 

forms. Though the high i)reast wheel j’ceeives tho but the diameter can be prnportitmed to spe(*d 
, wat<?r nearly at roqiiir(?d, and 

tho number of 
nozzles can be 
in<>rcased to ^ 
supply more 
water, or to 
obtain a higher 
speed than is 
obtainable by 
one nozzle. 

Troubles 
of T u r « 
bines. Apart 
from these ad- 
vantages, there 
is one fact that 
has more 
weight in some 
localities than 
in others. One 

. of the troubles 

since the water 152. the FRANCLS turbine with turbines is 

does not act by the presence of ‘ 

simple gravity, but by d-s inornentum, or kinetic leaven, sand, mud, etc., in the water, which chokes 

energy, due to the head. There are. two gi*oups of un- and scours the buckets ; hence the need for the 

qershqt wheels — that with straight vanos and that fitting of a grating or forebay, to intercept some 
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163-155. TURBINK INSTAT.LATIONS 

f)f this injurious material, But tho IVlton Ix'loved of artists have boon largely <lisi)Iaeed by 

whool, having open buckets only, discharges the smaller turbin(‘s, which are submerged and 

anything that comes in contact with them. invisible. The overshot wheel of largo clianuder. 

Fig, 181 illustrates a IVlton wheel installation and tlvi undtu-shot wheel f)f Poncelot type» are the 

(or high falls by Messrs. fcJingriin Freres, of E])iiuil. best, their ellkiienoy nearly equalling that of 

It r^hows a device whieh is often fitted to these turbines. Hut the breast wheels do 4iot give more 

wheels — namely, two nozzles in place of one, so than half the cllieiency of a poor turbjn€\ 

increasing speed. The governing mechanism and -j’ho wal f^r-whc(?l has its axis of rotation hori- 
the sluice valve, tho wheel covering, the tail race, zontal, and is a low-pressure motor. The turbine 

and other, details arc apparent. often has its axis of rotation vertical, and is a high- 

Turbines. The old, picturesque water-wheels pressure motor. But there are some turbines with 
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horizontal axes, and there are also low-jn^^fesiire , 
turbines. .. denerally, water- wheels are fgra^ty 
wheels. • #hrbinos are either reaction wheeWV>r 
impulse wheels. Btjsides this, they classified 
according to, the direction of entry of the water, 
as inward iiwi\ outward flow, axial, and 7nixed flou\ 
In all alike, water-wheels and turbines, the ro- 
tating wheel rec«‘ivcs the water in buckets, blades, 
or vanes, by virtue of which the rotation is produced.. 
The forms of these vary greatly, and slight differ- 
ences in their curvature will often proiluce very 
imi)ortant differencres in efficiency. 

'Impulse and Reaction. It is now necessary 
to explain the dilh^nuiee between impulse ami 
reaction turbines. The Pelton wheel 1131| is an 
impulse wheel, and so, also, is an undiTshot w'ater^ 
wheel., Both these work in air. Y(‘t there are 
impulse wheels which work entirely submerged in 
water, just as do the reaction or drowned tununcs. 
The difference, how^ever, is that the submerged 
impulse wheels liavo what aio termed venldathuj 
buckets, or buckets having o])enings to i>crmit fre(^ 
access of air thereto. The practical advantages of 
the latter are apparent when varying and small 
quantities of water only are available'. These, with 
others, to explain wlii(‘h would l(*ad us too far afield 
into the technioiilities of this branch of engineering, 
render impulse turbines <»f greater value in some 
cases than the reaction tyiies. The prototype of 
the reaction turbine may bo noted in Barker's mill. 
Here two jets of w'aier issuing under pnsssure from 
bent tubes on opposite sides of a siispiuided tube 
cause rotary movi'inent in a dirc< tion opposite to 
that in which the tubes are bent. 

Water Flow In Turbines. Any turbine is 
distinguished from a watcr-whiM*! by having tw'o 
rings of buckets or vanes, om* ring containing guide 
vanes only, the other tlu^ liuekids or the tupliine 
proper. The function of the first is simply to bring 
the w'atcr at the, most suitable angle into the latter, 
in order to produce the high(‘st efficiency. Tlie 
wat('r may enter within th(; ring, and pass outwards, 
denot(ul by the t(?rm outward flow. Or it may (mter 
from without, and pass away inwards, ternu'd, then. 
inward flow. Or the- water may pass through in a 
direction generally parallel with the axis of rotation 
— the 'parallel, or (trial flow, group. Or tlie radial 
Oipd parallel may be eombined, as in the mired flow 
turbines. Finally, the tenn drowned is applied to 
reaction turhinos, and ventilating to the impulse 
kind. Each of these— -the reaction and the venti- 
lating — include the sub-divisions jireviously stated, 
as dem)ting thi' nuiniier (»f How, and each is, further, 
of low and high pressure classes. 

The Fourneyron Turbine. Fig. 142 illus- 
trates this, the old‘\st tyjie of reaction turbine. 

It is of the (uitward How class. The vanes and 
^buckets art' shown to the left, and a vertical section 
to the right. A is the fixed guide ring, through 
which the water flows to the turbine wheel B, so 
driving the latter round, and being itself dcfiected 
by the curves of the buckets before diseliargc on 
the outside of Ik The sectional detail to the right 
shows three sets <^f vanes, and buckets, separated 
by jilatcs, the object of which is the regulation of 
the quantity of water passing through. This is 
effected by sliding the governor ring C to one, 

^ two, or all three sets of oiienings. As shown, the, 
oiponings arc all covered. 

The Girard Turbine. This is an impulse 
turbine. It is generally of the axial type. Its 
loading features arc as follow. Fig. 143 illustrates 
vortical sections through the guido vanes * aiid 
- bucket^ .Tdihi tho hole a in the latter fox vontilatiqb.'''^ 

; • V ■■ 


The water enters tho vanes A with the onjl^ro 
velocity duo to tho head, and throsts again'st^lho ' 
concave sides Of tho buckets B without touohing 
the convex sides. ^To permit of this the buoketss 
aie widened towards the bottom. , 

Tho governing of the turbine is facilitated by 
tho fmt oi its boing an impulse type. A sliding 
gate, C, can be regulated to close tho ports of the 
vatics or guides in succession. The ports not covered 
arc thus left fully charged w^h watc'r. Neither is 
thcie any change in tho angle^at which tho water 
imtcrs. It is, therefore, eminently stiiiable for eases 
whore there is much variation in the water supply, 
or where the amount of water used shall Ixs in direct 
juoportion to the powxT icqiiired. 

(hrard furliines, as desoribiHl, are used for falls 
of water up to about .'jO ft. For higher heads, 
a sy'%tem of partial injection is adojited, tho water 
being admitted only on a ])ortion of tho eircum’ 
feivnces. In this way a speed not too high 'is 
obtained, which with full injection would require 
reduction gears. (lcnerall>, too, tho shafts in 
high fall turbines are set horizontally instead of 
vertically. 

The Jonval Turbine. This, also, is of tho 
parallel fii>w% or axial typo, but it is a reaction or 
piessiu(‘ till bine [144]. Its vanes. A, or ports, uvq 
closed, .similarly to the (Jirard, b\ slides, not showm^ 
tor purposes ot regulation. It is .suitable tor low and 
medium falls, and (.in he immeusod in backwater, 
or raisC'd above lailw'ater in a tail sue lion pipe, to a 
Iwight not exc('(‘ding 25 ft. 

The Vortex. A turbine termed tho Vortex \e 
of the mixed flow type ( 145J. The water enters from 
the outside ami jiasses away a4 the centre, Ik*1ow 
and above I lie casing. The \\h(*el belongs to that ' 
class which has mov’abic* cu adjustable guide pas- 
sage's, not illustr.itcd, by virtue of which the supply 
ot vvatei to the buckets can bo adjustc'd, so making 
the tuibme capable cd utilising leduced cpiantitieS 
ot w.dei ill an economical fashion, since the waiter 
is admitted in any volume to the whole of tho 
< lie umfi'rems' ol lh(‘ vvliec'l. The udter ' upjily comes 
Ihiough an eneircling case. 'Pho width ol opening 
of the nozzle of each guide blade is M'gulated 
simultaneously by means of levcTs and shafts, tho 
blades bc'ing pivoted. There aie four or more of 
these guide vanes in the circle. In cases where the 
cpi.iiitity of w^ater av^ailable and Hie p^wer are 
constant, the guido v'ane.s are fixed, since adjust- 
ability would have no advantages. This simplific's 
the construction. 

The Leffel Turbine. This method pf rogu- 
Jating the w^ater supply by means of movanie 
pivoted yuido vaiic's is earned out in tho Leffel 
tujbim*s, and others modelled after them. Figs. 
146 and 147 show this mechanism in sectional 
plan and in external plan respectively. The gates ^ 
are operated from a central di.se, A, which is moved 
by a pinion, B, and segmental rack, V. Tho levers 
?een pivotcnl to this clisc rc'gulate tho amount 
opening of the gates I). A fender oppo.sito each glBllik 
relievos it of tho piossuro due to liead of wat<5v^,» 
so that it can be moved readily. ' 

Fig- 14fi shows an improvcnl form of whe^*^^ 
lirought out by the Leffel Company, which thot"' 
have christened tho 8am3on. -It is a double wheel, 
retaining the gates, not shown, of 147, Each' set - 
of buckets receives its own quantity of water. ^ T 

The Little Giant. This turbine is of tjia\ 
mixed flow type. Tho water enters radially from ?^; 
without, and dwchargos axially. But the water * 
enters into two 9^ of vanes, divided by aepartiti^vyj 
and escapes tht^ngk two sejrs at ,top and 



[149 and 160 ]. These stand out from tho aides of 
the wheel very much like cowls. It may, therefore, 
bo described as a double turbine in one casing, 
the upper tier of buckets discliarging at the top, 
and the lower tier at the bottom of the case. This 
turbine is well adapted for part gat (5 working, or 
for those conditions in which the water supply is 
variable, and deficient in amount in dry weather. 
Kegulation is efiectod by an iron division plate that 
passes horizontally through the turbine casing, and 
divides it into two 
<!ompartments, eorre- 
sponding with tbc two 
tiers of buckets. 
water supply is regu- 
lated by a sliding gate 
which admits the water 
to both tiers of buckets, 
or to the lower ti(‘r 
only, according to 
whether it comes down 
to the division plat(; or 
^ not. TIi(‘ point to not(i 
is that the full pressun; 
is maiiitairu'd in the 
lower buek(‘t, so that 
the (‘ITicaency is as high 
in ju'oportion as when 
working nt full gate, 
which would not b(‘ tli(' 
case })ut for the division 
into two sets of buckets. 

It is of the drowned 
type, tho lops of the 
upper l)u«*lo‘ts being about- 3 in. below the surfac 
of the wati'i* in the turbine ])it. 

The Hercules Turbine. This turbine, tlu' 
wh(iel of which is shown in 151, is of tlie nu\e<l 
flow class, inward and downwanl. It is of the 
n'gnlating type, a. cylindrical gat(i betw'cen tlu‘ 
guide ■|)assagf‘H, and wheel ()])enH or closes tlu' rows 
of buckets. It is a reaction whool. 

The Francis Turbine. This is an old type, 
which has .sulTer('<l from lu'gleet until recent years. 
It has be<*n revived, notably by the Swiss firm of 
KscIk.t Wyss & Co., and the linest installations of 
this type arc^ those of the Niagara Falls Cower 
Company and the Canadian (’ompaiiy. In the 
former, lluM’e art; ten of these turbines of 5500 h.p. 
each. In the latter, the turbines, three in number, 
are of 10,2r)0 Ji.)k each. 

Tilt; eombiiiation of radial and axial flow wdtli 
tht; curvature of the va ics, which causes the wate-r 
tt) leave them in a direction parallel with tho axis, 
is the secret of etlieiency. The point is that tho 
radial flow is changed into the axial while the water 
is in the hueki'ts, instead of after it has left them. 
In the latter eas<‘ there would be kinetic energy 
still in llie water, which nutans waste. Fig. 152 
ws two Francis turbines on one shaft. 

Girard Turbine Plant. Fig.l54illiistratcHa 
Glirard turbine by ^lessrs. Gilbert Gilkes & Co., Ltd., 
from which a very good idea may bo gathered of the 
mechanical details of construction. Tt is of the 
same typo as the; buckets sliown in 143, and is, 
therefore, an impulse turbine. The inlet jjipe is 
seen at A, and the shaft is horizontal, and therefore 
a dynamo can bo directly attached to the coupling 
B. C is the handle for regulating the gate D. 

Fig. 155 shows a etjmplcto installation by the 
same firm. Tho turbine has a vertical shaft with 
a susixjiided form of bearing — a design which is 
largely displacing the old footstep bearing. Here 
tho drive is through bovel gea^. and belt to the 
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dynamo seen at the extreme jight. 'I'lie levels ef 
the head and tail waters arc evident, and also flin 
forabay or strainer to tho left, and the’ regulating 
sliiiee immediately in front of it. The regulating 
mechani.sm for the gates is seen to the right of the 
turbine, operated by a hand wheel tho toj). I’Ih; 
brick linings, timber fmmes, and timber and 
joists, with «.)ihcr details, are apparent. 

Advantages of Turbines. Th(‘ sfnry of 
the turbine, like many iinothr*r piece of engineering, 
is one of development, 
'riie old Fourneyron, of 
sixty -five years ago. w'hs 
a wonderful maehiiK*. 
The most sueei'ssful 
maeliine of the pres ent 
day is, in a sense, a 
TV 11 1 j’n e Y roll re ve rsf *(l. 

The Francis is a radial 
inward* flow turbine, 
th(' flxc'd guide wheel 
s u r r o u n d i n g t Ii e 
movable whcil. Tur- 
bines may be single, 
double, trebh‘, or quad- 
ruple, with correspond- 
ing inereasi* of s])eed. 
A gri'at advantage 
which lh(* Uirhini' has 
oviu* a wat(‘r-whe(l is 
that its axis can hi* set 
liorizontally just as 
OF WATKH IN MOTION easily as verMeullv. It 
is a qui'stioii of bringing 
ill tile water. This question hasasMimedgreat impor- 
tance .since the prailiei* of couiiling dynamos ilireet 
to tnrhine sliafts has beeouie so general. This is 
impossible with a common water-wheel, because the 
speed of revolution is nevi'i* high enough for electrie 
driving. Dynamos an" (‘oiipleil to vertical slinfts, 
but it is ]>ieferable to liavi* tlie shafts hoai/.oiilal 
wdieii praetieabh". Fig. 153 illustnit(‘s a turbine 
ilrive for an electric installation. Here tfien* an* 
four turbin<*s. A, A, .A, driving on one 

horizontal sliaft. 

The objection to placing tin* axis of a tin him* 
vertically is the diflieultv of siqiporting t he C(*ntral 
r(*volving shaft in a suitable bearing. Another is 
that this ])osition is not so suitable for direct driving 
of dynamos and shafting as the horizontal. Hence 
till* reason why very nauiy turbines havi* their sliafts 
horizontal, as in 153. running in good bearings, and 
coii]»ied direct to ilynanios or belted to maebinery. 

Water and Electricity. 3’he ])ot(‘ntiali- 
ties of ivater poiver have h('(*n utilised to a fargn*at(*r 
extent since the installations of eleetricity have 
come into exisleiiee. 'I’hen* are luindn'ds of thou- 
sands of lior.se -powej- w'hieh could not have been 
enchained without, the, (‘lectrie conductor as air 
agent of transmission to distant industries. In 
Canada, tho Unil(‘d States, California, iSwitzerland, 
and Italy, France, Germany, Sweden, and other 
lands, rivers ami falls which havo run to waste for 
thousands of years have, within the last ten years, 
been made to sup])ly electric light and po\v(*r. 
Gradually the distances of tran.smis»ion havt* 
increased, until the 200- mile limit has been passed, 
and engiiiei'i's now talk of .50()-mile, and even 
greater, possibilities. 

Wati'F power has the advantage of being the 
cheapest power agenc5g It will give back from 
70 to 80 ])er cent, of work, against, say, tho 20 to 
25 ]:K;r cent, of steam -engine.s and 30 pt‘r cent, of 
gas-engines. The limitations to cli.stance no longer 
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exist, as they did in the old days when bolts and 
ropes aHordi^ the only means of transmission^ 

^ Largcl^nd Small Water Supplios. There 
18 no difficulty in dealing with a constant and large 
flow of water. Even oflieitmt watoi -wheels ran bo 
(oniitructod for such eoiuhtions. It is when the 
fall is low and the volume smill. and also variable, 
that the hydraulic engineer has to weigh well the 
relative merits of reaction and of impulse turbines. 
Many weighty considerations are involved, one of 
the principal of which is the problcmi of getting a 
turbine that will work satisfactorily at pari gafe^ 
it is termed. Another is tho question of 
speed. Tho higlier the lull, the smaller is the 
turbine, and the higher its rate of levoliition. 

With low falls the turlnnes must bc‘ of larger 
ladiif and thej*^ revolve more slowl> Thin tho 
cpiestion of the natui<‘ of the work they have to do 
must bo eonsidored. A high speed would bo 
desirable in some cases, sue li as for diivuiig dynamos, 
hut for slow running m.ielujiery a slowly lunning 
till bine ifl prefeiable to leduetion gear. J^ut a 
huge till bine ( osts more than a small oru', and, being 
i'i<?avici, entails losses by friction, lienee there is 
110 one type of tuibine which is adaptable to all 
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Conditions, and tlieie is, as the present article show’s, 
a vyde lange of (hoice, so that an engineer who 
iindeiNtands. his woik can always, knowing tho 
goveining conditions, tidvisc as to tho best for any 
given c ase. 


Turbine Economy. An important feature 
in till bine economy is the governing of the speed aqd 
pc^wer. lo use moic^ water than is necessary is 
wasteful, beside.s w'huh S|K'ed must not exceed 
required Umits. In water-wheels the supply is 
regulated by a gate in the head race, and the height 
Q this, again, is under the control of a speed 


governor. In drowned or reaction tiJ^bines it is 
necessary that tho buckets be full of watbr. 

England is not a lan^of turbines, nor is she ever 
likely to bo^ because conations are not so favourable 
as are those of more mountainous countries. Low 
falls, little head, and variations in quantity in Winter 
and summer arc not favourable to turbine driving. 
If there is a leasonable head, there is little water ; 
if there is a flood, there is little head. 

Horae*power. To find tho horse-power of 
water m motion, multiply tho quantity of water 
in cubic feet per minute by tte weight of a cubic 
foot - 02 J lb., and by tho height of tho fall in foot, 
and divide tho product by 33,000. This is only the 
theoretical iiowor. Of this a good turbine will 
utilise 76 to f^O per cent., and water-wheels, the 
breast typo c'Xccpted, from 60 to 00 per eont. The 
height is inoasuied from tho k*vol of the water in 
tho head race to the level of the water in the tail rAce. 
Another method of reckoning tho power of water * 
is that used m (kilifoinia and termed tho miner'' 9 
inch. Jt d<'noto« tho quantity of water that will 
How in a minutt‘ from an ()rifiei‘ 1 in. sipiaro under 
a head of 0 in., and is equal to 71} cubic ft. per 
minute. Tables oio prefiaied based on tins. The 
quantity of water in fiibie feet m measured by a 
notched board set aciosi the stnvam as follows. 

A length of from CO to 100 ft. is selected, a«» 
uniorm in section as possible , and its area of section 
is obtained by multijilying tin* average wodth by 
the average depth A stake is diiven ajt end 
of the lengtli !H(‘le(te(l, a float thrown into the middle 
of the stieani a little above the liist stake, and note 
IS made of the txact time it of(iipi(‘s in passing 
fiorn one stake to the othcT. Tins should bo re- 
}Mated sevetal times to obtun the avtuago speed. 

A bottle paitly iiU( d with water to float upright, 
oi a piece of wood, au suitable floats 

To ilnd th(‘ quantitv water passing, the see- 
tional aiea of the stitam^is thin multiplied b^v the 
length taken, and by (*U, and divided by tho lime 
taken m secoiuK bv flu float in ]>assing ovei the 
measured luigth. A didmtioii must be made for 
lubs tlue to fiKtion at the l>ot1oni ami sides of the 
btienm, which ma^ be taken at about llU per rent 


Notched Board Measurements. Anothe r 
method is that of a notched boaid, or tnmbbnir baj , 
[1561 placed aiioss the stieam to ))ass a given 
cpiantity of water over tho notch, so foiming a 
well. The notch may be of arij' di‘plh, but the 
lowcT level of thi‘ water should be at least a foot 
below the bottom ot the notch. Its width, A, is 
about two thuds the wnlth of the stieam, C. Tho 
bottom ot the note h in th(' dam must bo level. Thee 
dam should be of suflicient height to produce a still 
jc^ach of stioam above, so that the watew shall flow 
ovei without apjireciable voloc'ity. A stake is 
dnvon near tho bunk for convenience in taking 
mc'asurements. Jt must bo far enough up tho 
btieani, B, to bo unalTecti'd by tho curvature of tho 
biirfaec* of the w’ator x>assing over tho weir, say, 

(i foc't. Tho edges of the notehod board arc hovelled 
on the down side to nc^arly a sharp edge. When th©^( 
dam is placed in position, and the lyator obstructfj|5 
thereby, the height to which tho water rises up 
stake indic'atos the depth of water flowing over the 
weir. Wlien the water has eeahod to rise above tho>^ 
M^eir, tho depth from the surface to the top of the 
stake is measured. The width and depth are thjO 
data from which the quantity of water in cubic 
per minui© are obtained from weii tables. ’ ‘■t 

' J. 0. HORNER 
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By Louis A. .Barbe, B.A. 


INDEFINITE ADJECTIVES 

Tho indefinite adjectives are aunin^ no ; nul, 
no ; chaque, each ; mrme, sami‘, self ; fovl^ all ; 
qudque, some ; phtsieum, several ; td, such, 
such a ; mainty many a ; qiteU what. 

(a) Auciai and nul, no, are negative, and 
therefore require we before the verb of whieli 
they are either subjects or objects. 

’Jliey are both singular ; 

Auenn chemin de (leurs conduit d la gloire, 
no ]»atli of flo\^ ers leads to glory. 

]l nn avnm emploi, he has no employment. 

Xul horn me n'eMt exempt de la mart, no man is 
exempti'd from death. 

Je 11 ai nulle huturite, I have no aulhorily. 

{h) Chaqnet each, can only be used in the 
singular : 

Chaque age a .srA’ plaiiS'irs, each age has its 
pli‘asiire>;. 

(r) Mune means “same” wiien it j»i’cc(<l(‘S 
a noun. It means “ self ” when it follows 
a jironoim, and is joiiu'd to it by a hyjihen : 

Jls out l(s mntns dioifa, they have* the same 
rights. 

V(H(s di f ronfiids de roit.H-munf you are 
pleased with yourselv(‘s 

(d) T(mf, nil, hu'. a teminiiu' form, foah, and 
the plural forms toufi, lor the masculine, and 
toutefi for lh(* feminine. It taki'S the definite 
article, and is the only adjis'tive that preeodi's it. 
A possess! V(* may take the place of the article: 

Tout son pouvoir, toute m cajxrrife, ttmtes 
lies forces f tons ses (^orts^ all liis power, all Ins 
capacity, all his strength, all his elforts. 

In the plural it has t he meaning of “ every ” : 

Tons ten jours, ev<*rv day 

When used in the singular, and without the 
article, it hr * the same misining : 

Tout eitoqcn a des leroirs aussi b{<n que des 
droitsy cve^y citizen has duti(*s as w(‘ll as rights. 

Touty touSy toutiSy iiiay not, like the English 
ally immediately precede a relative pronoun. 
Tne singular must be followed by ee, and the 
" plural by eeuc or relies : Toiit ce qui reluit u'est 
oi'y all that glitters is not gold ; tous (enx 
aui le eonnaissent le resperteuty all w'ho know him 
respect him. Tons may not come immediately 
after a personal pronoun : Wc all know him, 
nous Ic eonnaissori'i tons, 

% (e) Quelqaey and its jilural, yndques, mean 
* some,” but are more restricted in sense than 
the partitive: 

yoas avous en quelque di/fie ultCy -we have had 
some (a little) difficulty. 

J'ai quelques bans livres, 1 have some (a few) 
good books. 


(/) Plusieursy si*vc*ral, has only one form foi 
both masculine and feminine : 

Plusieurs historienSy plusieurs /ii,v/o?Vr.s*,Kev(‘iMl 
historians, several histories. 

(q) TeU Idhy such, are usually jireceded by 
iiw, or wwe, and their plurals, tds, telUs, by de: 

U)i horn me d'un tel orgueil est insup portable, 
a man of such pride* is unbearable. 

// 11 q a fiasdt tels auimaury there are no such 
animals. 

T’lie ind(‘finite article never comes after tel, 
as it does after “ such ” in English : 

Un tel homiiie est iusu ppor table, such a man 
is unh(‘arable. 

“ Such ” Ix’fori' an adjective is si, iis(‘d in 
(onnection with uu, uru , for the singular, and 
w ith de for the jihiiwl : 

Vn homme si lutdligent, such an intelligent 
man. 

Vue si bdle inai'ytfU, such a fine house. 

Jhs homines si cotnagi u r, such bra\ c men, 

J>< si gi utils enfant •<, such nice children. 

Td re])cated before two nouns, and used 
without an article, miuins “like”: 

Tel maifre, ft I raid, ]ik<‘ master, like man. 

(/i) Mainf, mainfe is cipiivalent to the English 
“ imany a," hut may bi* iisisl in the jdiiral : 

.-lere qudques rtitus il a mainf et mainf dtfaut 
together with a few virtues he has many and 
many a didcct. 

Mainte'< fois, or mainfe fois, many a time 

Qud, wfiiat, is used in both direct and indirect 
questions : 

Quel here listz-vnuH What book are you 
reading 

Qutlh hturt isl-il ^ Wliat tinu’ (hour) is it ? 

,h ne srt?s‘ /xrs’ tjutUe heure il tsf, I do not 
know what time it is. 

Tho names of countries take the definite 
article except after the jirepo.sit ion en, and after 
the preposition dt wh(*ri, with its aid, they form 
adjectival cx])resKions : la France, en France, 
but du ( uir de Fussie, Kussiari heather. Before 
feminine names of countru'S in is rendered by en ; 
bdore names of towns it is rendered by d ; 
}e demeurf d Paris, I live in Paris ; Paris est 
cn Franrt , Pans is in France. 

Exkkcisk XIV. ^ 

V(H MUTLARY. 

age (m.), age la Bastille ^ Bastille 

an (m.), year la Belgique, Belgium 

argent (m.), silver hi mpitale, capital 

armee (f.), army la chute de pluieyraLmfAll 

J-ierw-vtonff.), Ascension le centime, centime 
Assomption (f.). As- /e centimetre 

sumption le ehemin de fer, railway 
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le dimai, climate Nod (m.), Christmas 

te commerce, commerce Or (m.), gold 
le degrlf degree la paix, pc^co 

le departement, depart- la partie, part 

merit Pdques (mv), Easter . 

la dhiame, distance la Pentecdle, Whitsun- ‘ 
la duree, duration day, Pentecost 

effectif (m.), elTcctire, /« permc/e, period 

Btrcn^h Ui pike, piecci (of 

exporkition (f.)> ox- money) . 

portati on la j>l u ie, rain 

lu fde, feast la population, ijopula- 

le franc, franc tion 

la France, J'Vance h port, harbour 

le globe, globe le po avoir, 2)owcr 

habitayit (m.)> inliabitant le president, president 
importation if.), im- /n taking, capture 
portation la repuhlique, republic 

induslrit (f.), industry la reserve, reserve 

lejour, day la rivike, river 

le jour de I'An, Now le service, service 

Year’s day le sohhtl de marine, . 

le kilometre, kilometre marine 

la ligne, line la Suisse, Switzerland 

la l^iire, Loire la superficie, area 

la longueur, length la temperature, tempera - 

la marine, navy ture 

le matelot, sailor le temps, time 

la mhnoire, nu'mory le territoire, territory 
le mille, mile la tde, head 

le navire de guerre, war- la Toussaint, All Saints 
ship la vnleur, value 

la ville, town 

act if, u(jtive jaif, Jewish, Jew 

anglais, English bmg, long 

annuel, annual nuliluire, military 

ram, square mobile, movabk; 

commerciil, conimerciial moj/en, mean, average^ 
considerable, eonsidcT- national, national 
able ohligatoire, oblig.Jtory, 

exkutif, executive compulsory 

exierieur, exterior, , profetdanl, protestant. 

foreign tempke, toujp(‘rat(^ 

franQ'iis, French territorial, t(‘rritorial 

important, important total, total ' 

eelebrer, to celebrate wonicr, to man 

fo7'mer, to form placer, to place 

indiqmr, to indicate lomber, to fall 

mesurer, io nuaisun!, r(*ekou 
comprend, comprises \'anl, is worth 

du, elected 

d. pen prk, about, nearly environ, about, nearly 
apri\9, after tard, late 

f/Av, from, begiiming with e'est-d-dire, that is to 
enire, between say 

ra, in pour, ior 

par, by ensemble, together 

Parifi, Parts Lgofi, Lyons 

Marseille, Marseilles 

Translate into French 
The territory of the French Republic Is about 
530,500 square kilometres. Its area is nearly 
thirteen times the area of Switzerland, and more 
than thirt(*en times the area of Belgiiun. Its , 
population is 39,600,000 inhabitants. It: hcM 86 
departmeiits. Its climate is temperate ; its 
mean t^peratui^ is 60 degre^. . Its - 

2 ^ 


fall Ifif 80 centimetr^v ^ republic. 

At the heajii of th<? ex^t/ive is placed the 
President of the Repul^o. He.ifl- ^ectcd fpr’i;- 
period of eleven years. Military service is qbhi- 
> pulspry in France from the age ofi 20^ W 
duration of the is 26 years : two years 

in the active army, 11 years in the reserve of 
the active army, six years in the territorial arniy* 
and six years in the reserve of the, territorial 
army- In time of jjeace the effective strength is 
about 660,000 men. The French navy com- 
prises 450 ships of war. They arc manned by 
about 100,000 sailors anfl marines. There aro 
live great military ports. Paris, the capital of' 
France, has a population of about 3 millions. * 
Lyons and Marseilles are also two of the largest 
towns in France. In Marseilles there are 550,600 
inhabitants ; in Lyons there are 523,800. Paris 
hiis more than 1,800,000 inhabitants more than 
those two towns together. By its industries aneV^ 
its commerce Paris is one of the first towns iS 
the world. Marseilles is the Hrst harbour in all 
the MeditcrraiK'an, and one of the 10 or 12 
most important commercial plact?s of the globe. 
The commerce of k^ranec* is very considerable. 
The average value of its foreign trade is 
12 ,d(K), 000,000 or 12J “ milliards ” ; 6 of importa- 
tion and 6.J of exportation. The longest river in 
France is the Loire. Th(‘ length of the Loire is 
1020 kilometre's. Tht' railway lines of France 
have a total length of 48,00(1 kilometres. The 
English measure' distance's by miles ; the French 
by kilometres. The Ihiglish mile is 1600 metros. 
The Fre'nch indicate value by francs and coiitimes. 
The franc is worth a little le\ss than 10 English 
“ pence.” The' c(»nlime is the^ 100th part of the 
franc. There are jiieee'S of silver of 50 centimes 
and gold piece's of 10 francs. The largest silver 
jnece is the' 5-fra.uc pie'ce'. In France the feast 
day.s are^ : the 1st of tlaimary, e>r New Year’s 
day, Easter, the* Ascension, Pe’nteerost, the 
Assumj)tion, All Saints, and (hristmas Day. 
All Saieits is always the* 1st of Novemtler, and 
Christmas the 25th of Dee e'inbt'r. Easter falls 
betwe^en the 21st of March and the 2Gth of April. 
The Ascension is also a. movable feast. It falls 
40 days afteu* Easter. Pente'cost falls 10 days 
later- 'that is to say, 50 days «T,fter Easter. The 
French cck'brate their national feast (on) the 
14th of July, in memiory of the taking of UiO 
, Bastille in 1789. ’ i 

EV TO Exercise XITI (page 1976)';'' 

1. Nous avoiis passe une quinzaine d© jours k.. 

Londres. ’ 

2. J’ai achet6 une demi-livre de beurre et uno 
demi-douzaino d’oeufs. 

3. Dans quatre-vingt-dix-sept il y a neufti 
dizaincs ct sept unites. 

4. II y a uno ceuitaine de pages dans le oahier,,' 

5. Quelle hourc est-il ? II est quatre heurcs 

dix; dans cinq minutes -il sera quatre heure^i 
et quart, et dans vingfc minutes il sera quatrp ' 
heures et demie. f ; 

6. Cette rue. a un demirmlUe de longueqt^;: 
(long) cinquante pieds de largeur (large )< ! 

Tjljotre. hiakoA a plus de quarant© pieds" 
. ;de 
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8 . Cctt-(^ table a deux metres de long sur uu 
metre soixante-quinze centimetres do large. 

9- Vous avez trois fautes ; jo n’en ai qu’ utio. 

10. Douvres cat a environ vingt et iin inilles 
de Calais. 


11. Le Pas de Calais a plus de vingt millcs 
de large. 

12. Vous avez gagiio pins do oinq\ianto francs 
de plus que nous. 


GERMAN By P. G. Konody and Dr. Osten 


XXVII. If thfe Possessive Pronoun [sec 
XVII. 1 is not directly connected with its 
substantive by preceding it, it either takes 
(a) the definite? article and follows the weak 
declension of the adjectives [see XXVI., 1], or 
(h) it remains without article and takes tlio 
inflections of the slrontj declension [sec XXVI., 2]. 

Examples. Preceding tlie substantive; nioiu 
J&ut (m.), my hat ; mcinc 'liVftc, (/.), my waistcoat ; 
ntcin (ii.), my shirt, (a) The? pronoun takes 
tjie article and follows the substantive: *I)cv 
tfl ter ntciit-c, the hat is mine ; tic 'IBcftc iff tie 
meiii-c ; tact ift tai^ niciii-c. fPliere is also a 
lengthened form with the inserted suflix 
ter luciu-iiVf. tic niciii-iivc, tact utein-uve.] 
(h) Without article; tiefev i(l itieiu-ev, tiefe 
Sihflc ift i»cin-i\ tiefea ‘&cmt ift inciu-ci^. 

1. This di'clension of the adjectives {a) the 
weak, and (b) the strong, is applied to all 
disjoined p<»svscssive pronouns; niciu, tciit, fein, 
il;r, uufcv, cuev, it)v — €.( 7 . tiefer .f;>ut ift tcv fein-e, 
ter fciiuiyvc, and tiefer .'>ur ift fciu-cr; tiefed ift 
tad uiii(c)i-c, tad mif(c)i-iiVf. and tiefed ift 
unfcv-cd. The strong inflection is sometiine.s 
drofiped after the- auxiliary verb fciii: tiefer 
A>ut ift mciii-cv, and tiefov .'>ut ift incin(er). 

2 . Till? possessive pronoun used with tlio 
definite article takes a capital when used 
substantively: .'sdt habc tad 'illiciuf (or tad 'Diciituv') 
QCtan, T liave done rib‘*l mine (iny duty, all I 
could do). '^cdcui tac? 2 cine (or >tociniy^e), to 
everyone Ithe] his (his due); etc, 

XXVIII. The prefix (see XIV,) cannot 
be used for the formation of the past participle 
of verbs with unstressed first syllables, such as 
the verbs with the unstressed iw^fixes be, cinv, 
cut, CL ytc, rcr, and ,^cr. These; un.«treHsed particles 
which, detached from the verb, conv<»y no 
meaning, cannot therefore be disjoined, and are 
called inseparable? prefix(;s, to distinguish them 
from tilt? separable? prefixes, to which belong the 
prepositions and adverbs which have also an 
independent existence, Wht*n joined to the 
verb these separable prefixes are stressed. They 
ca.il be detached from th<? verb and displaced in 
the course of conjugation. 

1. Verbs with separable stressed prefixes 
ab, an, auf, auc(, bci, bin, mit, uni, etc., form their 
past participle by insertion of the conjugational 
prefix y^c between the stressed prefix and the 
stem, and by the addition of or or t to the stem 
of weak verbs [see XIV.], and fii or 11 to the 
stem of strong verbs, with unchanged or changed 
vowels [see XVIII.] — e. g. : the weak verb ftc(l-cn 
(to put, to place), joined to the separable stressed 
prefix ou^ (out) aue'-jlelf-tn (to exhibit, expose), 
forms the past participle: atti?%fie-ftefl-t. The 
verb cntjld'deii (to disfigure, to deform) with the 


unstressed prefix cm, foims the past participle: 
entflcUt' witiiout the prefix y^c. 'the strong verb 
fducib-cn, to write (imperfect : f(f)vifb, with change of 
vowel : pa.si participle : y^c-fcfuicb-cn [see XVIII.]), 
when joined to the stressed separable piH'tix ab 
(off, from") - ab'-|M)vctb-cn (to copy), forms the 
past participle: ab-yic-fcfnicb-fn. On the other 
hand, bcfrfivct'biMi, to describe, with the unstressed 
insejiarablc prefix be, forms the past participle: 
bc-fdn ic'b-cn. The ])ast participle always forms one 
word: aiu''yV'Hdlt, enlftclli', yV'Ut'vic'bon, ab\tefd)^td'cu, 
befd)iic'bcn. 

2. In tin? present, im perfect., and imperative 
the stressed separable jindixcs are completely 
detaeh(‘d from, and placed Ix'hind, th(?ir verbs: 
ab'fdnfibcn, jn-esent indicative : id) |■rf}veib•c ab, etc. ; 
prestmt conjunctive: id' ncbvicb-e ab, etc. ; imperfect 
indicative: id? fd?ricb ab, etc. ; im.perfe<*t coii- 
jiiiK-livo: id) |d)i‘ieb-c ab ; imperative, singular *2: 
fd)rcib-c ab ! fd'vcib-cn v^ic ab ! plural 2: fd?vcib-ct ab ! 
In the present and impcrfeid the prefix is plac(‘.l 
at the end of the clause? or sentence ; pres(‘nt ; 
Tsd? id'vcib-c ten 'ibief ab, I copy the letter; im- 

erfect : id) fd)ricb ben 'ibief ab, 1 copied the kdter . 

ut perfect: id) I) a be bcn "ilbicf a b'*yV'Ki)iifb-cit ; 
pluperfect : id) l>attc bcu 'Ibicf ab'-yv-fdnivb-cn ; 
first future : id? u? c v t> e bcu 'Ib icf a I?' f d) v c i b c u , 

I shall copy the letter ; second future; id? uvri; 
ben ^Ibicf ab'y^cfdivi ebeu l)abcu, I shall have 
copied th(? letter. 

3. In principal clause's like tin; above tin' 
constant forms (past participle and infinitive of 
the verbs [sec XXIV.J) aro placed at tin' 
end and are s(;parated from tlie. finite forth s 
by tlu? objects of the actions, etc.. Wlu*i<‘ both 
constant forms arc used, the infinitive is phnaal 
at the (;iuJ. Examples: Ter Vebrer Irbrc bcu 
(^d)idci', the tearher ])raised the pupil ; bev Vif)VCv 
l)at [finite verb| rni >^d?ulcv yidebt [past 
participle], the tcach(*r has praised the pupil ; 
and bev Vcbvcr U'ivr [tinito verb] ecu '^ebider 
Cl d e b I [ past participle' ] I? a bcu | infinitive | , 
the teacher will liavc juai.sed tin? pupil. Note 
the difference? in the pcK-^ition of the words in 
tin* two languages. i.«it(;rally translated, the. 
German sentence would run: the teacher will 
the pupil praised have; 

XXIX. 'Cue Strong Declei^sion of 
Substantives. Refer to Tabic B, page fioO. 

1. The unaltered plural (first ease) [see 

Table B, 2, | is only formed by masculine and 

neuter substantives. 

2. The plural with modification of the vowel 
and no other change [sec Table B, H] is formed 
chiefly by masculines, by the feminines bic SOluttcr 
and bie rftod)tcv, and the neuter bnct .ftlcflcv, the 
cloister, convent (plural: tie SWiittei*, bic Tcd?fc>, 
btf Jtlcjlcv). The plural of tlie nonter bai? )lffaffei, 
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the water, is tie or bie ®affer, the latter 

being preferable. 

3. The c in the plttral without modification 

of the vowel [see TVible B, 6] is chiefly Ukoa 
(a) by mmeutUm apd and only by such 

feminines as oud iu fa( and tih\ and sulistantivus 
of foreign origin ending in an unstressed 

Ilia, it^. Tlie latter and all substantives 
ending in md iloubk* the final d. Examples: 
tie Xiiibfcil (tlie aftlietion), tic 1 ; bic'ilblt iitd 

(the wildei ness), tic 'ilblbiiuT-f ; t'lc IH'iuniad (tlie 
jnneapple), tic V('uauaf[-c ; tci dir'iud (the varnish), 
bie isiimi7-c; ber ,Mtld (the polecat), bte ditnpc; 
tvid flt(;iMo';^ciod (the ihinoceios), tic 'lMmu''^cu')T-C; 
tfi flfc'hi*' (i)icture-puzzle), tie flfclniff-c, 

(h) Substantives with a final (nmnd) d chanoe 
it in the pliiial (with siithx c) into the long sojt 
form (f), pionoiirieed as in 'l?o)c Examples: 
tci* (Micid (the old man, gie^beaid). tie CMicif-c; 
tad iied (the lot, lottoiy-ticket), tie l*of-e 

(c) Snbst.uitives ending in fi preceded by a 
long vowel lot am both in the ])liiral : tad 
ifllaj^ (the measuie), tic ifllag-c; tci ^ihiycij (the 
sweat), tic ^2d)U'Cli^-f In those wntli short vowels 
the fj ehangea in the plural into ff tad (the 
hoise), tie 'lloffc, etc. ; the same change occuis 
with nouns of toioign dei nation ending in an 
nnstifssed sj liable vMth a linal fi : tci 
(the comjiass), tre , tci .ftu'iag (the 

cuirass), tic ,Uii'iaff*c, etc 

4. The]ilujal with the suffix cand modificit ion 

of the vowel [see Table B, 7| is formed mainly 
by and by most of the feminines 

belonging to the strong declension [ehiefly mono 
syllabicsj. The only neuteis that take this 
plural are bad ‘(5^ci (the choir), tu and 

tad (tlie float), tic but it must be 

remembered that the masculine gender is o[)tional 
for these two nouns. 

5. The plural cr [see Table B, 4J is 

formed chicil) by 'nontets^ and by a K'w //ms- 
cnlines, iiovcv by feminines. I'lie modifiable 
vowels are iiuxlitied. Examples tci (^icift (I ho 
8])iiit), tic , tad 9hft (the nest), tie llhu-ci , 

tvid Wemut' (the soul), tic (Mcmur-ci ; tad (5i (the 
egg), tic (Si-ci ; tad '4blt (the picture), tic 'l^ilt-ci , 
tu 'Ithilt (the foiest). tif 'llhilt*ci ; tci flhnit (the 
bolder), tic 'Waiit-ci ; tad Ihulj (the hole), tie i?o(f)-ci , 
tad 'tHidh (the book), tic '4bici’'Ci , tad V^aiipt (the 
head, chief), bic d>aiipt-ci ; etc. 

t) 'riie })lui al wil h d [ st'e Tabh* B, 9] is formed 
by substantives of foieigii oi[gin (French, 
English, et/c). Examples tci (sfjef (the cliief), 
hc-t!>bcf-d; tei ^alcn (the diawing-room), tie 
'8alon-d, ter ocefeb, tic ocifci)-d; tci -tic 

^7<ava-d : etc. A few German woids lakettllio 
same plural in xeinaeiiLir : ter 3inigc (the boy, 
youth), tic 3miiicu-d [coirect form : tic 3iiihlP»J ; 
bei Jlcil (the fellow ), tic ^Hcil-d [coirect : blc ^^eitcj ; 
tad SDlaJcl (tlie lass), tic ^Mtct-d [correct : bic 
Qltdbcl] ; bad Siaidcm (the young lady), bie > 
5rantein-d [correct : bic SiaulciuJ, 

"XXX. TJie lules of paragiaph XXIX., 3 c, 
are also applicable to tlio declension qf th® 
singular (si long genitive with ed or d, 

Examples : 

bet Cyiicid, 2. bed ©icif-cd, 3. bem ©uif-e, etc. 
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1. bad iJed, 2. bed 3. bem Vcf'C, etc. 

1. bad SDlaP, 2. bed SWag-cd, 3. bem etc. 

1, bad 91c 2. bed 0(d(f-cd, 3. bem etc. 

1. bad @el)ctm'uid (the secret), 2. bed ®c()fim'- 
nijT-fd/ 3. bem (Mcbcim'niff*c, ote* 

1 ber iurtid, 2. bed :^(ttff-ed, etc. » 

, 1. bev JfomvAg, 2. bed diombaff-(d, etc, 

1. bev *^rira|^, 2- bed .fluraff-cd, etc. 

EXAMINATION PAPER 

1. Wlrtch declension is followed by the 

possessive pronoun nof directly ‘firocoding 
the qualified substaiit ive 'i 

2. What classes of preflxes are ^ known in 

(ierman verbs, and how do they diftor as 
legards stress and me.ming t s 

3. To which class of nouns do some of the 

sejiarable prefixes belong i 

4. How do verbs wuth .stressed prefixes form 

the ))ast priiticfple ^ 

5. In which tenses aii' the stressed prefixes 

detached from their stiuiis, and wliere are 
they })laced ^ 

6. What IS the arrangement of the constituent" 

of a compound tense (finite verb, past 
pirticiple, and infinitive) in a German 
sentence ( 

7. Of winch gender aie tlie stiong snbstantiv es 

which undeigo no alt eiation in the nrimina- 
tive plural, and how c.in the pluial be 
distinguished fiom the singular ^ 

8. To whicli gendei belong most of the sub- 

htantues which*modif> tJieu stem-vowel 
in the phual without taking a sullix ? 

9. Which feminine nouns take in the jihiral 

the sufiiv e with, and wdiich without, 
modification of the stem-vow'cl ^ 

10. Of which gender aio the nouns tliat form 

the phnal by the sufhx ei without, and 
witli, modification of llu* stem-voweP 

11. How IS th(‘ pluial sounded m nouns with a 

final (louml) ei in the suigulai (Dae« Voo^J, 
and A\hat aJteiation does the final p 
undeigo in the pluial, wdien pieceded by 
a lung oi l>> a shoil vowel '' 

12. Winch nouns take the suffix in the ])lnr«l ? 
ExhiuisK 1. lnst*t the missing dechuisive 

inflections 

(«) T'n (Muff lucmcei ^trrfciv (m.) iff fiton; 

The handle of my stick is beautiful ; 
id) i 3 ab mem... isiciniDc (rn ) bcin . . ^tcit(m); 

I ' gave to my friend thy stick , 

fie built \i)\ . lll;i(/); bev ) ibr .. IU) 1 ‘ (/ ) 

she bloke liei watch ; the cover of her watch 
ift i^iibu'ihcH ; ei fiil)i imt (3) feiu . . iiiib mit(3) U)i . . 
is biokeii; he drove witli his and wdth her 
^llfeibeti (?i.); id) pi (3) .Mu . VlMte(?rt); jie 
houses; I went to your ])hysician ; they 
gingcn mit(3) ilu.. (itteru iu(4) uufer... Ohmctt(w.) 
went with their parents into our garden 
unb bevvunbeitcu bie ^»d)ciit)cif (/ ) uufer . , S8lumeu(/.). 
and admired the beauty ef our flowers. 
(i?u{e)r... Sreunbc(wi.) unb bie Gruber (m. ) eu(e)r .. . ' 
Your (pi.) friends and the brothers of your 
ffveunbe(w) maven in(3)cu(e)v .. @artcit(w.) mu' 
friends were in your garden and 

Vfludtcu eu(e)v . , 93lunten(/.) 

gathered your flowers, 

Sl&r t?<tu«b (m) Iff aud^ b«r mrm . . (or uii r . ) 
Ydur friend is also mine (or ours);w‘c 
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er brat^ btc^ fcin.. lU)r (/.), fcnt^cru aurf) 
ho broke not only his watch but also 
bjc beiu. „ bie il)r . bU unf(c)c . bic cii(c)v bic i^r. . 

' thine, hers, ours, yours, theirs, 

mib bie bif' 0cf;m((iv^fcu bcin. . . •§cnv\fn‘<!‘ 

yours; the sp^^ed of thy stallion 
ijl Qvcpcr attf bu M incui.., bcei fciu.., beo U)r . 
is greater than that of mine, of his, of hers, 
bfS uiif(0t . .» bf5 exitc)v . beet ibv . . bco .Mir. . . ; 

of ours, of yours, of theirs, of yours; 
fduc (lef lnntcv(3) bcr mciii. bcr beui. , 

his bulloog ran behind mine, thine, 

heritor ,,ber unf(e)r.., brv rn(i')r.., benljr.., bcr ?\hv.. ; 

hers, ours, yours, th*‘irs, yours; 
meiu 'bU'fvb fcbla^^t bae< bciii.., b.ui font.., baei tin-.., 
my ,horsc b^ats thine, his, hers, 

ba^eu(f)r.., il;r ba« .^^r.. : bcine‘iVvnmbiuncii(/.) 

yours, theirs, youw; your fri('nd8(/.) 
flnb and) bie iinf(f)r . Me iljr ... Tie 3lU'((c mem 

are also ours, tlieirs ^ IMk' wool of my 

<»d;ivmeiMw.) ift beffer bic ^Setbe Dei< bem.'., 
umbrella is better than the silk of thine, 
be^ fcin.., becsil)!*.., bcc< unf(c)v . ., bc<S cu(e)v. , 
of his, of hers, of ours, of yours, 
bet^ il)r. beet .Mu*. . ; ic^ i^laube bciu . . . ^^vcimbc (w/ ) 
of theirs, of yours; I believe (to) thy friend (3) 
mebr nia bem mem,., bem fern.., bem thr. ., 
more than mine, his, hers, 

bem iiui(c)r ., bem m(c)v . bem ibv. bent 3bv..; 

ours, yours, theirs, yours; 

ev liebt fun.. <Vi‘eunD(m.) mein* alei ben mein.,, 
he loves his friend more than mine, 
ben belli.., ben iliv,., bcu nnf(c)v*.,, ben eu(e)i* . 
thine, hers, ours, yours, 

bctt il)v. ., ben .Miv. . etc. 
theirs, yours, etc. 

(c) bev 2tocf(m.), bie X'i\>ic(/.), baef '|^fevb(n.) ut 
the stick, the bulldog, the horse is 
mein.., bem.., fcin.., unf(e)v.., eu(e)v.., 

mine, thine, his, hers, ours, your.s, 

th(‘irs, yours. 

{d) Replace the possessive pronouns in (6)^l)y 
their lengthened form, wlumever this form 
is applicable. 

EXERCisifi 2. (a) Form the present indicative 
in all persons and both numbers of the following 
rbs with stressed prefixes: aufflcl)cu, 

rise ; anbieten, to offer ; anc<iteben, to spend ; 
belfd^Ue^en, to enclose; cinfd^lafcu, to fall asleep, 
^infemmen, to get there ; mimebmcit, to take along 
.with; nmfallcn, to fall [down]. 

{h) Form the present tense of tJio following 
%tr(mg verbs with unstressed inseparabk^ and 
jessed separable prefixes, the stress marked by 
an apostrophe behind the stressed syllable: 

to understand; bci^'flel^cn, to assist; 
'»a‘;bic'teit, to forbid; anf/bieten, to call up, to 
aninmon; aii^/fdilicgcn, to exclude; bc.fdilie'pcii, 
to resolve, (finish) ; gesfaflen, to please ; auf/fall n 
to fall upon (also in the sense of: “to be 
oompicuous ”). 


(c) Form the imperative singular and plural 
in the ordinary and civil form of address of 
the verbs enumerated in (a) and (h). 

Exercise 3. Change the present tense of th(» 
following weal: verbs [see XXIV.] for the 
perfect an<l f hiper feet in the arningcmcnt 
explained in XXVllI., 3; [the verbs conjugated 
with the auxiliary verb of tense fcin (to be) are 
made proininimt in print, all others are con- 
jugated with l^abcu (to have)]: 
fl)er (Schiller hint; bev Vchver effnet batf ffenftev; 
The pupil IcariiK ; t hp t eacher o 2 > *ns the wihdow ; 
bev .Himftlev ^cid)nct cm ^Bilb ; bae« 33?abd'cu Ivid'cU ; 
the artist draws a picture; the girl smiles; 
bciCMaimci aibeuet im(3) OKivtcn; biU<®d;iff fccjelt; 
the gardener works in the gard ‘ii ; the ship sails ; 
bic .Uiubev fpielen ; bie 3)labcl)cn c v i e t e n ; ub Itcbo 
th(‘ children play; the girls blush; I love 
meinc (Site'll ; ev icbet Unfimi; bn vandMf cine 
my parents ; ho talks nonsense ; thou smokest a 
(MvVUve; il)i iMDet till (3) dliiffc; (le Uiiiteii bieC^Uoife; 
cigar ; you bathe in the river ; they ring the bell ; 
tic .Hmtei ^eiftiMcu ilu* s^viel^eiu^: cv hmfdn an (3)bci 
the childrmi destroy their toys; ho listens at the 
Juve, bn bciiuificft ben 'iiatev. 
door; you gr *01 th^ father. 

Exkrcise 4. Form the plural (a) [without 
Tnfleotioii] of the following substantives, of 
which those with mn(lifiahlevo\vv\A in the stressed 
syllable are modilied : bev '•iSa'tev (m. ), the father ; 
bev the spoon ; tev ilh'7cl(w.), tir* apple; 

ba^iscu'ftei (ri.), the window; bev (i'fel, the donkey; 
tcv 'i^vu'bev, the brother; bev On'fel, the uncle; 
bev ’ilu'Vl, the bird ; bev Otci'tcv, the horseman ; 
bev Rvv'bcn, the thread; bae 'i^eirdjen, the violet; 
bev jlafc, the ('hoes.* ; bev Mattel, the saddle ; 
(6) of the following substantives (following 
XXIX., 3): bev 'I^cvv\, the mountain; bev .&iiub, 
tlr* dog; bad 3al)v, the year; bie .Heiiiifiiid, the 
knowU*dgi‘ ; bev -'Mrfdv the stag ; bie 'Dciivmbt'iud, 
the condition, state ; bad 5>fevb, the horse; bad 
.^aav, the hair; bev .Itiiv'bid, the pumpkin; bad 
!Uab'f(>l/ tbe refreshment ; bev 9l'benb, the evening ; 
bev ^[Iveid, th' prize; bad SDflood, the moss; bad 
ftiieO, the fl'^ece; bev v$d'Ul», the shoe; bev 
vSvu'fj, the offspring; bad (Welu'mrnid, th ‘ secret ; 

(c) of thi substantives following the iul<‘8 of 

XXIX., 4: bev Vlv^t, the physician: bie (^aud, 
the goose; bev vHebf, the h^uid; bic 'Ibaut, Iho 
bride; bic Jjjanb, the hand; bev 3alm, the tooth; 
bev levT, the pot; bie Sanji, the fist; bcr gud)d, 
the fox; Me the breast; bev '$tvcm, the 

stream; bieililurjl, the sausage; beViftviup iho jug; 

(d) of the substantives following XXIX., 6; 
bad ^id', the cloth; Mid Vanb, the country; bad 
.kinb, the child; bad (^leiiwiib, the garment; bad 

the woman ; bad.kvaiit, the cabbage ; bad Sicb, 
the song ; bad Rap, the barrel ; bad !l^cvf, the village ; 
bad (^lieb, the limb; bcr 'Illuuii, the worm; bad 
©efV'enjl', the ghost (spectre) ; bad the peopl ' 

(e) Decline thi» substantives bad 9ld9, the horse 

(steed); bad the lot; bad ^inbevnid, the 

hindrance (impediment, obstacle). 
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SPANISH 


By Jos6 F16. Carcelea,> B.A 


Imperative Mood. The imperative mood 
is formed by adding the terminations e, emo/f, eti 
to the stem of all regular verbs of the first 
conjugation, and a, am(h% an to the stem of those 
of the second and third conjugations. Tn the 
fliinl persons, let ” is usually renderc'd by que, 
‘‘ Him,’' “ her," them," " us," arc hardly ever 
translated, but the polite form is very seldom 
omitted. The numbers in brackets (1), (2), (3), 
indicate the conjugations. 

Impkhativk'^Mood 


Singular 

(1) enmpr-e. Ff/, buy 


Plnral 

let us buy 


fpie conipr-e, let him compr-f'n TfAv, buy 


or her buy 
(2) hf'h a. F</, drink 


(pt€ compr-en^ l(‘t them 
buy 

hch-amo.^, let us drink 


f/tte heh-a. Je t him or heh-an Vd.% drink 
her drink qne hfh-nn^ let 


her drink qne belhmu let them 

drink 

(3) rnnrpl-a TW, fulfil cinnpl-apno.>i, let us fulfil 
gne c.umpl-aAoX cuinpl-an Fr/.^ fulfil 

him or her fulfil gue cumphaiu h‘t them 
fulfil 

'Pho familiar forms are : compra, cotnprad ; 
hvhe, hebed ; ample, cutnplid, Thc^ negative 
imperativf^ of the singular familiar form presents 
the remarkable anomaly of b<‘ing different from 
the positive. coni pres, do jiot buy : no bebas, 
do not drink ; no aonplas, do not fulfil. 

Imperative of Ser. Kstar, and Tener 
Singular Plural 

Sea Vd, be siaino.'<, let us 1 h^ 

(jue. sea .si an I ds 

gne scan 

(Me Vd, bo eM Chios, let us be 

que estc c.dhi Yds 

(pic isten 

lenga Vd, have (uiganio.'<, lei us have 

que lenga Ungan IVv 

ipie Ifiigan 

fii j)ositiv(* sentences the objeet pronouns 
follow the imperative, but in negative* phras<‘s 
they are plae(‘d in front of the verl). - coni- 
prhnoshs, let us buy them ; no lo beba Yd, do 
not drink it. When the indirect pronoun sc is 
allixed to the first person plural of the imperative 
the final s of the verb should be omitted. — 
rni'icnioselo, let us send it to her. 

Wh<‘n the word “ let " means *' permit," it 
must be naidored by tlu^ imperative mood of the 
vei'b dejar, — dijela Vd cscrihir, let her wrif,e. 
In such s('ntences the second vei'l) is frequently 
used ill the corresponding iierson of the impera- 
tiv<\ — dijelo.'i Yd que hahlen, let them speak. 

Please" is rimdered by haga Vd el favor de 
(lit.. Do me the favour of). The verb following 
the* preposition de must be in the infinitive. — 
Jiaga 1 d el favor de darnie aquel sobre, please 
give m(^ that envelo|X‘. 

Exercise XXV * 

to sing cantar to wait for esperar 

to ask pre^uniar to practi.se pracHcar 

debt deuda to forget qlvidar 


ready 

cable 

word 

jx^r month 
80 fast 
to type 


to type escribir d 

mdquiim 
how much ? ^ cnanto ? 
free on board /m?? CO d 

hordo 

tlollar peso 


listo to pardon 

cable to excuse 

palahra good-bye 

al mes by heart 

tan de prisa confidence 
escribir d cab>rank 


j*ehitiori 
the nearest 

impatient 


perdonar 

dispensar 

adios 

de memaria 
cxtnfianza 
parada de 
caches 
pariente 
la mas 
proxinia 
imjmeienU 


.sometimes algunos veces something else otra cx)sa 
for the present por ahora 
1. (»uardemosla. 2. V6ndaselos Vd & ella. 3. 
Quo lo escriban a maqiiina. 4. No se lo prc'sle Vd. 
5. Que lo aprenda de memoria. (i. No hablen 
Vds tan de prisa. 7. Dt'sjcdo Vd hablar. 8. No 
lo compro Vd en esa tienda. 9. Dt^jela Vd quo 
cante.^ 10. Preguntemo.s. 1|. Quo no las fir men 
todavia. 12. Perd6nemc Vd (or Vd perdono). 
1,3. No lo.s esperemo.s. 14. Est6 Vd listo el (on) 
niartes. 15. Tengamos confianza en el porvonir. 
If). No lo olvideu Vds. 

Exceptional Imperatives, A number of 
verbs have irn'gular imperatives. The following 
should Ix^ remembc'red. 



Siiigular 

Plural 

lo explain, explicar 

expligue 

fxpliguenios 

check, com probar 

conipriiebe 

com prohemos 

shut, cerrar 

cierre 

Cl rremos 

think, pensar 

piense 

pensemos 

try, probar 

'pruf.be 

prohemos 

look for, buscar 

b usque 

busg nemos 

jiay, pagar 

jtagne 

jmguemos 

begin, conicnzar 

comience 

coniencemos 

bring. Inter 

traigd 

traiganios 

do, liacer 

haga 

hagamos 

know, saber 

se/pa 

sepamos 

ymt, poner 

ponga 

pongamos 

come back, volver 

vuelixi 

colranws 

see,' ver 

vea 

reanws 

go, ir 

vai/a. 

raijamos 

eome, renir 

re.nga 

i'cngamos 

repeat, repelir 

repila 

repiUnnos 

loll, decir 

diga 

digatnos 

go out, salir 

saiga 

salgamos 

h('ai*, oir 

oiga 

oigamos y 

Older, pe.dir 

pida 

pidamos 

choose, elegir 

elija 

elijamos 

translate, traducir 

tradiizca 

traduzcamos 


Exercise XXVI ■ 

J.^ Bring it to mo. 2. Let us sell them to her. 

3. Excuse me, where is the nearest cab-rank ? 

4. Ask (it) a policeman. 5. Do not let us order 
them yet. fi. Why not ? 7. Because we have 
something else to do for the present. 8. Please 
type those two letters. 9. Let him go out. 10. 
Do not come before seven o'clock. 11. Please 
put this glass on my table. 12. Let them pay 
their debts. 13. Choose one. 14. Tell mo 
W'hich is the cheapest. 15. Go at once and ex» 
plain it to her. 16. Try to repeat it. 17. Lot 
them translate the cable at once. } 8. Let us look 
for it in the garden. 19. Do not be impatient. 
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^ Adveiiis. Adverbs may be simple, deriva- 
tive, or oompotind. Simple adverbs consist of 
a single wora, as antcA, before ; despuia, after- 
wards. Derivative adverbs, which are formal 
in English by affixing the termination “ ly " to 
the adjective, are formed in Spanish by adding 
mente to the feminine form of the raclical ad- 
jective . — rdpidOi quick ; rdpidamente, quickly. 
When the adjectivg has only one terminal ion 
for both genders, mente is affixed to this ending. - 
hdhil, clever; hdf}i1 mente, elpv(‘rly. (Compound 
adverbs are composed of two or more words, d 
pesar tie, in spite of ; sin embargo, howT\er. 

When several adverbs follow one another in 
the same sentenee, mente is only added to the 
last , — energicapero nohlemente, i irmly hut nobly. 

. Position of the Adverb. Although th(‘ 
position of the adverb in <i seutenc<‘ is to a certain 
extent quite optional, it generally follows <ht‘ 
verb . — vicia enionces en Londn.^, he w.is then 
living in Jjondon. 

When the negative words ni. neither, nor; 
ningutWy none; }iadie, nobody; ningnna park, 
nowhere; rinnca, Jamd'^y never; nada, nothing, 
follow the verb, the adverb of negation no mu^'t 
bo placed in front of the latter. Wlu'ii those 
words precede the verb, no is not required.- 
no le escribo iinnra, or nnnra ie escriho, 1 ue\er 
write to him ; no viene nadie a ofrecerno.do'i ahtmt, 
ovnadie riene d ofr^'cernoslas ahora, nobody comes 
to offer them to us now. 

Important Adverbs. The following impor* 
taut adverbs should Ik* committi'dto memor\ ; 


down 

aba jo 

then 

enfom es 

perhaps 

acasi) 

oiitsuk^ 

fuera 

besides 

aderndn 

today 

hoy 

somewhat 

algo 

u(*ver 

jamth 

there 

alii 

far 

leioi 

scarcely, hardly apenas 

afli’rw'ards/wfvyo 

hero 

aqui 

badly 

mat 

up 

arriha 

tomorrow 

mahana 

yesterday 

a IP r 

less 

meno'i 

enough, rather 

baslanfe 

much 

m urho 

W(*ll 

bien 

very 

muy 

almost 

casi 

ne\ er 

n unca 

near 

cernt 

little 

poco 

how, a.s 

comn 

perhaps 

quizd.i 

whi'ii 

cuando 

seldom 

raramenfe 

beneatii 

debajo 

always 

siempre 

in front 

delantc 

late 

larde 

within 

den fro 

perha])s 

tal cez 

afterwards 

despues 

so 

tan 

bel ind 

deirds 

early 

temprano 

above 

encima 

already 

ya 

opposite 

enj rente 

still, yet 

todaria 

• 

Exercise 

xxvn 



1; Please send us the goods free on board. 

How much used you to pay ? !1. Fifteen 

^oUfrs per month. 4. When will he explain 
. it to them ? 5. He has already exi>laiued‘ it 

. to them. 6. Wait for me outside. 7. Does 
your partner know Spanish ? 8. Very little, 
' but ho is studying it now. 9. Does he practise 
' .with you sometimes ? 10. No ; ho never tries 

. to speak with me. 11. I used to speak it 
; rather well, but I have almost forgotten it. 


12. Will you go to the theatre tonight ? 13. 1 

do not think so ; they always arrive too lute. 

14. Please tell me how you pronounce that word. 

15. With much pleasure. 10. Where shall 1 

see you afteiwards ? 17. 1 will bo hero within 

(of) an hour; goo<l-bye. 18. Do you know 
if the offices an* up(stairs) ? 19. No, sir; they 

are now down(stairs). 20. He has neither 
friends nor relations. 

TR^NSLATfON OF Keadino Kxercism fp. 1973] 
The fine valley of (hiadalqitivir, wliieh runs 
between two ridges of hills, is eoverdrt with 
orange woods and olivi' yards, Several cl(»ar 
streams traverse the plain, and fall into the 
river. Every brook had once its bridge. For 
two days we tra\ elled up tin* river. The fjoimlry 
it waters is V(‘iy rieh and beautiful; the plains 
arc* charmingly streaked with rows of oliv<'- 
trees, towns and ca'-tJes occur along Iho banks ; 
the northern lulls are eov(*red w'ith shadowy 
Avoods, and all the distant eminences of the 
south are gna'ii with com plantations. At El 
Farpio is a Moorish mill w'ith tluvo huge w'ings 
which raise the w'ater to a great height. 'File 
landscape near is vt*ry plca.sing. At Audujar w’c 
took le.ive of the Uomaii road and of the river, 
of which, however, we liad now and then a dis- 
tant p(‘C'p from the hc'ights, and entered the 
Sierra Morena,’ the chain of mountains that 
divides (’astille from Andalusia, r(*nder(‘d as 
famo\is by tlu* wnrs of the ^Moors and the (’hris- 
tians as by Cervantes, w'ho plaec*d in it the 
seem* of tin* most entertaining ailventures of 
his h(*ro. • 

Key to Ekkrcesk XXI I 
1. Entregara los reel bos. 2. No eanet'laran 
sn cuenta hasta la proxima priniavera. 3. 
i fmportar^ Vd todas las herramientas de los 
Estados Unidos ? 4. No veremos al vitijanto 

cate aho. 5. Nuesiros agenles embarearan el 
ganado lo antt*s ])osil)le. t». El Eobierno eon- 
struira nuevos puenti^s y earr(*teras. 7. La 
compahia de ferroearrih»s emitini mil acciones. 
8. ^Estaril Vd alii mu}^ temprano ? 9. La 

letra venceril en Dieiemhre. ](>. Quien 
traducira osos document os aleinanes ? 11, 

9Viidre mas tiempo el in(‘S quo vicnc. 12. 
Entoncos habre aprendido (*1 espanol. 

Key to Exek(isk XXIIl 
1. No tenemos notieias de el. 2. i Es esa 
carta para ini ? 3. La t(*m'a. 4. i Por qu6 no 

los ha traido Vd ? 5. No lo sabia. 9. i Cuando 
nos enviard Vd Ja cuenta ? 7. Los cmbarcare 

ensoguida. 8. El jefe esta (*scribk'ndole d cl, 
no k cUos. 9. i Lo cuiistruird el Gobierno ? 
10. Las comprobaban eada dos dias. .11. 
Deseamos vi*rlo. 12. 4 De doiide los importa 
Vd ? 13. Vd se lo daba d ella pero no d ^1. 

14. ^ Quien so lo ha prestado d- Vd ? 16. 8u 

madre no la verd el mes que viene. 16. 
Kstdbamos habldndoies. 17. ^ Era V. el que se 
los entregaba todos los dias ? 18. i Guardardn 

las accionos 6 las venderdn ? 19. Su amigo 

trabajaba conmigo. 20. Serd mds fdcil tra- 
ducirlo aqui. 21, El polioia , estaba expli- 
cdndomolo, \or me lo estaba explioando). • 

Continued 
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GROUP 22-DRESS AND HOUSEKEEPING * THE WOMAN AT HOME-CHAPTER 16 


Cutting Out the Material and Fixing on Shape. How Velvet 
Should be Handled; Making and Sewing in Head Linings, 

HAT AND BONNET SHAPES 

A n oRpatra or buckram shape will need a non- ' velvet, pile downwards, in the loft hand— ihe two 
transfiarent covering? such as velvet, silk, or piles facing each other prevents the brim from 
cloth, which is ofUm put on plainly. Inliandling getting “ plushed.” Hold tho brim very lightly, 
velvet, the way the shade runs is an important and prevent the edge getting plushed, or rubbed 
matter. In oiilinary velvet, the material should against the edge of a table or something similar. 
he arranged so that the darker offccit is seen Under Brim. For the under brim, place the 
when looking from the front of the hat to the velvet with the snick marking centre-front on the 
bac*k. In panne or rairoir velvets, the material is eentre-front of shape. Fit and pin it in position 
often arranged the revc^rse way. In cloth the nap as before. For large shapes tack once iKJtwecn 
should run smooth from the front to llu^ back. headline and edge with fine silk. Cut off super- 
Cutting Out the Material. Take the fluous turnings to J in. With a fine needle turn 
paper pattern that has been used for cutting out in edge exacth/ evm with the edge of brim. Pin 
th(' shape. with lillikins all rtTund, about 1 in. apart. [81] 

Place all the pieces on the velvet with the shade Slipstitch tho two edges, with stroiig silk or 

running in tlui same dirocli(m, and each ecnti*(‘- cotton, taking alternately one stitch in the edge 
front to the cross of the material 180]. Pin each of the upper brim velvet and one in tho turning 
])art with lillikins, sticking them into the table of the und(‘r one. Sit in a good light, and be 

to prevent marking the velvet. Cut out each c-arefful not to stretcih the velvi^t of the under 

part with .V in. turnings. For the under brim plaee brim. Ilraw the silk fairly tiglitly. It is an 

\he Vi'lveUupp<‘r brim pile to pile on tln^ velvet in opt‘Tation requring great caje, as this part of tlie 
thc^ same position. Do not eut out the hcwl of hat shows more than any other, 
under brim, as it is best to tit it first. (kit the luuidline wnth J in. turning, being 

Notice earefully in the cas(‘ of brims that are careful not to snip beyond the actual headline, 
much larger on one side than the other, as those and stitch the turnings to headline of shajie. 
of tho Gainslxirough type*, that the pattern is Then^ is another method used in the best class 
placed correctly for cutting. Allow more than of work, wliich gives a bettor edge, and is more 

tho.^ in. turning for under side, as the brim t urns .satisfactory when an under brim of different 

up so much. This also ajiplies to boat- shapes. colour or malm ial is re(|uin‘(l. 

Mark the eentn'-front in all the pieces. If the Bc'fore eovtuing the upper side of brim with 
brim has a join at back, the velvet will also have* a ve*lve't tae*k a pierce of stiff Freuieh net, w'ith the? 
join, neatly slipstitchod. Whem a pie*e*e* is put in freint on the cross, to the under brim. Tack it to 

for making a very flute^d brim, this will alse? be the brim about half-w'ay between headline and 

necessary in the velvet cowring. Backstitch the edge of shape?. Cut it exacthj enen wutli edge?, 

joins, open out, and flatten tlie turnings. which must bo wired with support wire, be'ing 

Putting On the Covering. We* have* now e aivful not to contrae^t the net. Mull the edge, 

to learn how to tit the velvet to the? brim. and then <?ove'r the iip}?er bi im as e^xplaincd. 

Upper Brim. Phv(?e the uppe-r brim on hat, (jover the under brim velvet, veilvet-hernmiug 
and snick round headline till it fits. Be? e areful the? velvet to the net. The v(?lvet must not be 

neither to cut too deeply— in wliich ease* the pulle*dtightly. Then. slipst itch round edges of brim, 

shape.? will show’ — nor insufficiently, thus ])re*- The pe)int to re?inenibcr in this method is to 
v^enting it lying flat round the U<‘adlinc. Pin in keep the net lining exactly the same size as the 

plaee with lillikins. smoenhing away any creases upper brim. In the process of wiring it is 

very gently, but only along the straight thretuls. likely, unless very carefully handled, that the net 

If stretched or smoothed out on the diagonal contracts or stretches. 

threads, it will not set Hat. Sideband and Tip. Line the tip with sar- 

I..argc shapes must be tacked as well as pinned, cenet. If not done at this stage, it will have to bo 

to keep tho velvet w’cll to the curves. Fine silk gummed in. Cover tip wuth velvet, allowing' 

should be used for this, and a long stitch taken J in. turning ; pin all round, amoothing it over 

outside, and a tiny one underneath. Back- shape across tho straight thrciids only. Use long 

stitch evenly round headline. backstitch w'ith strong cotton, and secure it 

Draw the turning over the edge, but on no below the edge of the crown. Cut'aw^ay closely 

account pull it tightly, or the shape will contract, any turnings and sow in head lining. 

Pin all round. Catrh stiti*h to the second wire Fit the sideband carefully, and cut away un-.; 
on under brim [82], unless the under brim has necessary turnings. With a needle turn in?' 
been mulled all over, when the velvet is catch- bottom and top quite even with edge of crown, 

stitched to the mull. placing the join wdiere the trimming is likely to 

Cut away the turnings so that the v'elvet nearly cover it, always keeping centre-front to centre- 
meets the second wire to prev^ent any unnecessary front of shape and dark shade running up [81], 

fulnciss. Hold tho brim with a small piece of Backstitch one end of sideband, turn in the other 
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end, and slipstitch it down. A sideband of silk 
will require an interlining of muslin, and- thick 
velvets are also bettor for interlining in the centre. 

Tho inner edge of standing-up brims like 
toreador, turban, and similar shapes needs 
careful handling. Kcej) it smoothly to the shape, 
and see that the join is neatly done. Secure 
tho top edge to the under brim (nige by a catch- 
stiteh. The outer edge is slipstitched last of all, 
keeping the edges even with the shape. 'Phe band 
•of crossway velvet is joined, slip^x^d over the edge, 
and turned in toj) and bottom with a needle. 

Tam-o’-shanter and beefeater ctoavtis are 
covered in one piece cut in a circle. The founda- 
tion is of net or leno, pleated to t.he sideband 
[74]. For covering, eut a larger round or a 
half-round, the other lialf left larger for standing 
up at left side. Tn soft material it should be 
interlined with tine leno. (tat her or pleat the 
crown to top edge of sideband. 

].iiiiing the nruler brim of a felt or straw hat 
plainly with velvet or silk is done in exactly the 
same way as the imdcr brim of a velvet hat, tho 
velvet ])eiiig slipstitched just above the wire 
round edge. If a velvet hat is to Ixi lined with 
, crossway folds of silk, tulle or ehitfon, a lining of 
silk, leno, or soft net must be ta'.'ked to under 
brim to sew the folds to. 

A broad edge 2^ in. to in. wide of velvet 
on an uiidei'brim is made by fitting the velvcd. to 
tlie under brim, sliiistitching the edges and cutt ing 
out the ecntre-piece, allowing for a turning to the 
inner edge. This edge will not have any join. 

Bonnet, shapes are cut out, shaded, andcoven'd 
in the same way as hat shapes. Very few shapes 
are plainly covered. For (covering shapt's the. 
velvet or cloth must be bought on the , straight. 

Head Linings. All hats, bonnets, and 
toques have their head linings sewn’ in before being 
trimmed. As weight must bo avoided, sarcenet 
silk is used — it may be cut on tho cross or straight. 
Tlu^ former is the more economical, especially if 
a quantity is required ; three head linings may 
be eut out of two crossway widths. Join the- 
lengths first, hem, roll up, and use as required. 

Measure the depth of crown, and add 2 in., of 
which J in. is used for the hem, and J in. for 
turning at the headline When sowing in, allow 
1 in. longer in length than the size of tho head [7 6]. 
Make a hem J in. wide of one cut edge, which 
ifthoulfl bo run neatly [75]. It is calletl a htnn 
Ithoiigh a running stitch is used, and must. Ix^kept 
quite straight and not stretched, 
f For the tip, cut a piece of sarcenet tho size and 
li»ba|3c of the tip. Sew in with a few very small 
j'ftiiU hes outside, large ones inside. For smooth 
leghorns, velvet and cloth -covered hats, tho 
I'^rcenet tip is gummed in, to prevent the stitches 
fthowing on the outside. 

w Sewing in the Head Lining, Use 

^strong cotton (No. 36), start, from the centre- 
bock, turn in the cut edge J in. , and i in. at the end. 
Take tho stitch through tho two thicknesses of 
sarcenet and through the sideband of hat. 
Sew in with the long back stitch, making tho 
. stitches not longer than ^ iUi, and keeping them 
just below the Sne of head. Work from right to 
v!e|t. ^Tum in J in. at end, and slipstitch tho two 
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ends together. Smooth felt haUi and toques 
have* only half the thickness of the felt taken up 
when sewing in the head lining, unless the trim- 
ming will cover the small stitches ; in that cas^', 
take them through, as it is stronger. 

Hun a narrow Cliina rihbon from the centre- 
front in the hem, which will Ijo drawm np aft^^r 
the hat is trimmed. It is left hanging to prevent 
the h(‘a'l lining being caught down in sewing 
on the trimmings. 

Bonnets. In bonnets [78], the tip is cut 
to shape ; in many cases, first sewn on tissue 
patKH* and sewn in the same, way as for a hat, 
with this difh'rence only, that a'ifoss the back it. 
is turned in once and si ip -stitched on the velvet 
bind for neatneijs. Start the Inuid lining at one* 
ear, turning in I in., and wwk round to the 
opposite side. Ii\serl C-hina ribbon in hem, 
leaving also a turning ; and, when the bonnet is 
trimmed, slii)«titch tho ends down the sidt^s to 
meet at tho back of tho tip, se.euring ends of 
ribbon at tho same tini'\ Make a small slit in 
centre of hem, draw up ril>bon, and t ii? in centre- 
front when bonnet is trimmed. Secure lining to 
the bonnet with a tie stiteli in two places [79]. 

With smootli felt hats, toquc's, and bonnets 
wdth full or draped brimi?, the stitches arc never 
taken right through, but only the top surface or 
inside of velvet is taken up. For very flat or 
peculiar shaped bonnets a picAse of lining cut to 
shape is sewn in aftcir the bonnet is trimmed. 

Transiiarent liead linings for lace, chiffon, tulle 
hats, or bonnet.s, are made of double chiffon; net 
and lissc. Cut lining twice the depth of sideband 
plus 2 in. for turnings [77], Fold it in half and run 
I in., from fold. Fold in half a sarcenet ribbon, 
the same colour as head lining, and J in. wide. 
Place this ribbon in turning of headlining at the 
cut edges. Sew in as for sarcenet head lining, 
taking the stitches through the centre of the 
ribbon and turning of chiffon. Tlie stitches will 
Ije hidden when the ribbon is folded over. Run 
China ribbon in hem from centre-front [82j. 

. ANTOINETTE MEELBOOM * 
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GROUP 23— METAL & MINERALS AND THEIR MANUFACTURES— CHAPTER 16 


The New Science of Metallography. Preparing Specimens. Alloys 
and their Preparation. Characteristics and Composition of Alloys. 

METALS UNDER THE MICROSCOPE 

Metallography. The branch of metallur- be the dimensions of the crystals, the* more 

gical ricicnce termed rnetallograplu/ is, in the perfectly will they be forn\od, and the more 

liroadcst sense of the word, the description of symmetrically will they arrange themselves with 
the structure of metals and alloys. It is not regard to each other.' On the other hand, if a 
necessarily limited to the employment of the metal bo submitted to pressure, not only will 
microscope or < 5 ven to the hand glas.s, for the the individual crystals be distorted, but the 
fractured surface of a midal often reveals orderly arrangement of the whole mass will be 
valuable information when viewed with the disturbed. Messrs. Kwing and Rosenhaim have 

naked eye. We form an opinion of the nature shown that whtm a piece of metal is strained in 

of metals also from their colour, their manner tension its crystal grains bec'ome elongated in 

of solidifying in a mould, and tlu* texture of the direction of the tension ; but when the metal 

tlu‘ir surfaces. But only very limited informa- has Vieen anneakid all signs of the elongation 

tion as to tlu* structure of metals can bo disappear from the crystalline pattern revealed 

obtained by .simj)ly^ using the unaided eye to by tlu^ microscopts and the metal has fussumed 

(‘xamine the rougli or unpolished surface. The its original condition. On investigating tho 
structure of wliat may be termed the internal metal under strain, when the metal is stretched 
<//r//?7ce/arr of metals ran he accurately ascertained beyond its elastic limit it lias also been found 
only by the use of the microscope, generally on that sharp and line black lines appear on th<‘ 
tlu^ polished and etched surface. surface of tlu? crystals, parallel to each other in 

Microscopic Investigation. Oiu' the each crystal but. in dilTerent directions in differ- 
great results of the microscopic investigation eni crystals. These lines are not cracks, but 
of metals has lK‘en tlu? continuation of their slips along the cleavage or guiding planes, and 
crystalliiu? character, even in nudals in which arc termed slip-hands. Such hands arc also 
sucli a striujtun' could not hav(? been anticipated produe<‘d by compression or tension, and it is 
or proved by other means. The app(?arance of in virtue of this ai'tion that plasticity in metals 
tht? polished structure of a. metal under tlu? is possibb?. 

microscoix* s<‘ldom reveals definite and w<‘ll- Preparing Metals for the Microscope, 
formed crystals — in fact, the eonditions of For exact examination of the structure of metals 
solidiHeation from the molten state and the it is absoluk?ly lUicessavy to have the surface 
meehaiiical treatment to which most metals polished free from scratches, as well as perfectly 
are subjected militate against the formatitm Hat, if high powers arc? to be ust‘d, siiic'c seratehes 
and retention of the true external crystalline and other imperlVctions temd to mask th(‘ real 
form. 'Phe result is a compact mass of irregular- structure and convey an (Troueous impression 
shaped bodie.s ternunl rrtfsfal grants^ giving regarding the eliaraitei’ of the components, 
the surface tlie appearance of a mosaic with Polishing ivS an art rc(juiring skill and patience, 
irregularly shaped stones. and while exa(‘t riik‘s can be given to coverall 

Character of Crystal Grains. In the eases, the following will serve as a general guide, 
act of .solidifying, crystals lu'gin to form and The .section of metal should be about. J in. square, 
gradually grow in size aeeording to the time and J in. thick. It may be mounted for final 
allowed for their development. 'Pile junction lines examination on a glass slide with Canada balsam, 
an? tho surfaces of the crystals, and appear as thin plasticine, wax, <jr other suitable adhesive 
dark lines in the iniero-striioture. If impurities matfuials, or soldered on to a flat piece of metal, 
be }>resent, tlie crj^'stals of tin? pure metals in (he The first process is to rub it smooth on a dead- 
act of orystallisirig reject sueli impurities, which smooth tile, and afterwards to remove the 
collect at the crystal boundaries. The particles scratches with (?mery and rouge. Different grades 
of the pure metal coalesce together so as to form of emery can be purchased, marked O, 00, 000, 
little islands surrounded by the impurity, which and 0000, respectively. Each grade should be* 
thus kains the investing membrane, separating inountud on a smooth block, and the specimen 
the ATystals from i‘ach other, rubbed on each in turn, care being taken to rub 

Obviously, the mechanical and physical i)ro- at right angles to the former rubbing, so as to 
fierties of an alloy will d<‘pend largely on the obliterate the previous marks eomplekly. Tlie 

natur(» of the invest ing membrane, since the final polishing may ho done? on a skin of chamois 

crystals tliemselves may be quite malleable and leather coated with the veiy finest rouge. 

du(?tile, while the mass of the metal, with the etching the Specimens. Various etching 
including impurities, may be quite brittle. The liquids are used, varying with different metals, 
main factor in the ilevelopment of crystalline Those employed for steel are dilute nitric acid, 
structure is tlu? temperature. It is a well- tincture of iodine, infusion of liquorice, ammo- 
recognised fact that the more slowly a metal is nium nitrate and picric? acid ; for copper and 

cooled from the fre<*z.ing point, the larger will brass, dilute nitric acid, hydrochloric acid and 

EMDRACiNG IRON & STEEL/ MiNiNG7Q0ARRYlNl COAL, PETR0LEUMr0A^~l0LD 
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ammonia; while for alloys with much zinc, 
potash is the best reagent. In fact, numerous 
etching liquids are available. 

It is sometimes an advantage to polish in b^* 
.relief^ When a complex body is polished, its 
different constituents tend to weiw away un- 
equally, and (t is possible, by plociifg it in con- 
venient positions, to show the structure by .the 
unequal relief. To do this, the section is polished 
on a bed elastic enough to bring out the finest 
^ details, such as parcliment on soft wood, and 
moistened with wet rouge. Another method of 
polishing is known as jwlhh attack. This consists 
of adding to the polishing pad some liquid which 
exerts a slight chemical action when assisUxl by 
the friction of the rubbing. 

Heat Tinting. Etching polished metals 
with corrosive liquids is more or less liable to 
lead to the confusing of the constituents and 
crystalline structure. With feeble etching the 
compon(‘nt parts are, as a rule, revealed ; with 
strong etching the granular, and often the 
crystalline structures, arc developed. By heat- 
ing polished sections at ditTcri'iit temperatures 
the constituents become dilTerently colourcid by 
oxidation films, and may therefort^ be detectcHi, 
This has the advantage oA^er etching, that 
none of the metal is dissolved, and the surface 
remains Hat. 

The Microscope. A very sim[)le form of 
microscope is all that is m^c(?ssary for examining 
metals, but the lenses must be of good (juaUty. 
The objectives must give a flat field, should bo 
achromatic, and should possess clear definition. 
A buU’s-eyo condensor is required for con- 
densing the light on to the object, or on to 
the vertical illuminator. 

The most useful objectives are 1 in. and J in., 
which give inagnitications from 50 to 200 
diameters. Two kinds of illuminators are in 
use, termed respectively oblique and vertical 
illuminators. In the former, the microscope is 
generally tilted at an angle, and the light throA\Ti 
directly on the object, which reflects it to 
the eye. For vertical illumination a piec-e of 
^ glass IS arranged at an angle of 45 <legrees, so as 
to reflect a horizontal beam of light on the object, 
which then reflects the light vertically up the 
tube of the microscope to the eye. Instead of 
the piano glass reflector, a right-angled prism 
may bo used. It is fixed in a brass mounting, 
anci^ay be placed jyst above the objective, or 
juHt'unaer the eye -piece. 

Iron and Steel. Wrought iron is com- 
^.HSdof three chief parts : the crystals of iron, 
termed ferrite^ the carbide of iron, termed 
cementite, and the included slag which imparts 
to hron its fibrous structure. Cafit iron is of two 
chief kinds — namely, grey cast iron, consisting 
: chiefly of ferrite arid graphite ; and white cast 
iron, containing no free ferrite, but iron com- 
bined with carbon in a form which imparts to 
it a white crystalline structure and great 
hardness. Steel is composed of different com- 
ponents, according to the amount of carbon 
present. When the steel contains less than 
0*9 per cent, of carboti, it consists of fenlte 
em|]tedded in a matrix of what is term^ pearlite, 


which is an intimate mixture of ferrite and 
cementite in alternate lamime. When the steel 
.contains just 0*9 per cent, of carbon, the whole 
ms^s is composed of pearlite, with no free crystals 
of ferrite. This is termed the eutectic mixture, and , 
the iron is said to be saturated with carbon. 
When the steel cont-ains over 0*9 |ier cent, of 
carbon, it consists of crystals or grains of pearlite, 
suiToundcd by a network of cementite, whioli 
hardens the steel according to the quantity 
present. 

A section of pure iron, when polished and 
etched in dilute nitric acid, is seen to consist of 
irregular-shaped grains or crystals. Two dis- 
<liuct types are generally obst;rved ; (1) smooth 
and brigiit areas consisting of pure iron (ferrite) ; 
and (2) greyisli rough areas of a waw or mottU‘d 
appearance, being more readily attacked by nitric*, 
acid. When carbon is prest'iit the crystals of 
ferrite are surrounded by a matrix of pearlite. 
which encroaches more and more on tJie ferrite 
as the carbon is increased, as shown in the plates 
facing [)ag(;s 2118 and 2 1 1 9 [ 1 a nd 2J. The poa rlite 
matrix is seen in the latter to have a character- 
istic banded structure. When the steel contains 
about (M) p(‘r ci'ut. of cai bon, the whole mass 
consists of ])earlitt‘. Whi*n the carbon is 
increased beyond 0*9 per cent., the ferrite crystals 
have cntirt'ly disapp<‘ar(^d and* have been re- 
placed by pearlite; tin* excess of carbon ov(t 
0*9 per cent, then appears in combination with 
iron as free eciucntite, as se(*n in 3. 7’hose 
thn‘e figures represent the steel in the normal 
state. 

Effects of Annealing Steel. On 

nniiealing stc^el a changed is produced in 
the physical propertU‘s, and this change is 
coincidtuit with a change in structurti. By 
annealing is meant heating to a certain elevated 
itunperaturo an I cooling slowly to the ordinary 
temperature. The (effect t)ii the micro-structure 
by annealing is seen in 4 and 6. The changes 
which have been produc(?d occurred mainly in 
thc' ferrite, but the pearlite has become more 
granular. The ofToct of annealing high carbon 
steel at 020” 0., as seen in 6, is cliiefly to sharpen 
the outline of th(*. cemeaitite. I'ln* above remarks 
apply also to 7 , 8 and 9 , but the effects are 
intensified by the long soaking or annealing for 
12 hours, the eomentite and pearlite being very 
well defined in 9 . In all the specimens which 
have been described the white parts repre.sent 
ferrite and cementite re.spectively, and the 
darker parts the pearlite. 

Malleable Iron. Malleable iron castings 
consist of Avhite cast iron which has been sub- 
.secpiently annealed in iron boxes packed with 
haunatite. The carbon in the castings before 
annealing is chiefly in the combined form, as 
t'cmentite, and this undergoes a • more or less 
complete changt^ in the process of annealing. 
Some of the carbon is removed, but the greater 
part remains as graphite. On the outside of 
the casting the carbon is oxidised by the 
oxygen of the hsematito, leaving ferrite. On 
die other hand, there is a store of carbon 
towards the centre of the bar in the form of 
amorphou.s .graphite, which is continually re- 
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carhuriHing the ferrite by solid diffusion. The 
structure of the outsido^ iptormodiate^ and centre 
of the casting is seen in 10, it, and 12. . . 

Copper. The micro-structure of copper 
varies from the mode in which it has been pro- 
duced. Electrolytic copjxjr is confusedly crystal- 
line. Pure copper consists of irrcguIar-.shajMid 
crystal grains with very fine and sharp boundaries. 
These crystal grains increa.se in size according to 
the slowness of cooling. Small Bocondary grains 
are often built up from the larger ones. Fig. 13 
is the toj) of a button of copper. Wlion copjx*r is 
rcjlled or hammered, as in 14, the secondary grains 
are elongated in the direction of the rolling, and 
finally may becomes so attenuated as to break down. 
Annealing r(*ducert the strain and allows the grains 
to rearrange tbeniselvc.s. Fig. 15 is cf)pper foil, 
etched in nitric acid, and show.s fine elongated grains. 

Tin. VV^hen an ingot of pure tin is cast it shows 
a bright .surface; but if impure, the surface show.s 
a structure of detulritit^ crystals. If the surface of 
the ingot.s bo etched, they arc seen to ))o coarsely 
granular. Fig. 16 is from the base of a very thin 
sheet of tin cast on .stone. Fig. 17 show.s a piece of 
hammered tin, by oblicpie illumination, etched 
w'ith dilute nitric acid. Th<^ original structure has 
di.sappeared, and a finer erystallisation has taken 
it.s ])lacc. Annealing causes a growth of the crystals. 
Fig. 18 .shows the structure of tin iiftcu* annealing. 

Zinc. An ingot of zinc shows dendrites 
similar to those i)f lead and tin. Fig. 19 shows ]»art 
of a dendrite on the .surface of metal cast on .stone. 
There are three main axes. 

Aluminium. On the sides and has(‘. of a 
bar of aluminhim, whore it has cooh'd in <onta< t 
with Iho mould, dendrite.s (jf a l(’af-lik(‘ form arc .scon, 
and ill 20 are .soveral of these dendrites which aic 
the ccntrc.s of erystallisation. 

L#eadi> (.^ast lead exhibits a dcndiitic struc- 
ture, and the dendrites an.-! the skchdons of grains 
or primary erystals. In 21 the .secomlury < rvstals 
are seen. This surfae(‘ was tln^ last to solidify in an 
ingot east in st4)ne. Ftching brings out the ))rimary 
crystalli.siition very distinctly. 

Platinum. Fig. 22 show's (hnulritcs on the 
surface of a platinum button. They 4-ousist <if 
two aA<!.s at j'ight angles, and form skch'toiis of the 
crystals, as in case of the metals mentioned above. 

Silver. Pig. 23 shows tlu^ surface structure 
of an ingot of silver. "Khrec or mor«' jirimary crystals 
arc seen to he built up of numerous secondaries, 
po.sses.sing di.stinct oriental ion. 

Gold. i*ure gold crystallises in hexagonal 
(*ry8tal.s, whitdi are built uj) of seenndary ery.stals. 
Fig. 24 sliow.s .some of the dendrites met with in 
a slowly cooled gold button. Holling breaks down 
the primary crystals, producing a finer structure. 

The Modern Science of Microscopic 
Metallurgy. Though the micro.scopie observa- 
tion of metals is a development of n?cent growth, it 
has ]jt;(‘n one of the most fruitful in results, aud has 
gnaxt promise for the future. Observers see what 
ju tiially takes place in the ultimate stniciure of 
metals and alloys. A piece of iron, steel, eop])er, or 
tin or gold is not the .siniph? body which it was once 
thought to bo. I'hoiigh it is an inorganic siibstane<s 
an clement so called, its .stnicturo i.s very complex, 
and it varies so much with differing physical con- 
ditions, as temperature, stress, strain, and .so on, that 
the aspects revealed by the microseope under the 
action of reagents are almost suggestive of new and 
organic bodies. Evtm in those preparations of metals 
which arc chemically pure, the anatomical changes 
which ; oedur under changes in physical states are 
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remarkable: And when impurities are present 
they reyeal startling differences, which are com 
plicated by the alterations wfhich the impuritici 
themselves undergo, and by reason of the way ir 
which they interact on each other. 

If any commercial iron of steel whatever* is taken, 
it never contains less than half a dozen elements, 
besides the pure iron itself — carbon, silicon, phos< 
phonis, sulphur, manganese, sometimes traces of 
arsenic, titanium, and in many of the stools, in 
addition, nickel, ehromium, • vanadium, rnolyb- 
donum, tungsten. Some are allotropic, occurring 
in different guises, carbon being the most chameleon- 
liko. Each element is .striving to realise its own 
mtdecuiar destiny, but each has affinities or re- 
}mlsions towards the others. And thus every kind 
of metal, however uurt^ it may a])i)ear commercially, 
is really and truly an alloy, a mass alive with 
eliemi(;al reactions, Thi^ stmly of iiK'.tallography is 
therefore not now a dilettantic pursuit, hut is one 
eminently j)raetieal, a volume wluTcin the bi'havitmr 
of metals in all their aspects of jdiysical ehang(‘ can 
be. read as in an opt'ii ho(jk, aud the lessons gathered 
a.]>j)lied to manufacturing piirpo.scs. 

Microscope versus Rule of Thumb. 
The effects of tcmiperaturc are rendered visible in 
many ways in all metals and alloys. 'Hie eon- 
stituents take on now or move pronounced aspects 
ami formation.s, and from these the eau.ses of phy- 
.'‘ieal phenomena in working Imcome, if not always 
.sati.sfaetorily t5lueidal(‘d, at least traced in their 
relatifui to certain practical results. This is the 
ea.s(‘ in the hardening and annealing of steel. It liel])s 
to explain the fact that, the t<*inperaturc for harden- 
ing, to he properly dom*. must not vary monj than 
a fexv d(‘gn‘cs, d" or 10“ on either side of a “ critical ” 
temperature for a ))?’arul of steel of a giv(‘n chemical 
eon»p4>.sition. Ineidenlally the km>wlvdg(' of this 
one fact has liail the re.sult in the he.st pre.sent-day 
))iaetie(* of removing tho work of hardening and 
tc'oipering from lh(‘ forge*, and the somewhat loose 
<*olour test of the workman s eye, to that of tin? closed 
Juriitwe, the tejnperatun* of which is ]neasured exactly 
by means of a pyrom(*ter in.sertc'd in the furnace. 

Another a.speet. n'vealed by tin* miero.sef)po i.s the 
elYeet of annealing on .sp(K*im(‘ns which indicate 
faulty stru{*tm’4‘.. Tht* .'^ame strs'l reheated to 
variou.s ii'mptTatures lias such greatly different 
ixspeel.s that ih(‘y might well Ixi taken for flifferont 
nu'tal.s. The lu'at treatment of uu'tais, as it is 
terrm d, has h(*eu vastly atlvanced by tlu* aid of the 
miero.scope. It exj)lains much that has long been 
known by experience, though not umlerstood, and 
it provides definite and exact knowledge for that 
which was previously of a vague and hazy character. 

The Insufficiency of Chemical 
Analysis* The minute cracks in st('el which re- 
sult from quenching at too high a tenuMuatiire are 
readily seen. Again, the presence and oxt(‘ut of for- 
eign matters are clearly visible in polished spocinien.s. 
TIic slag and cinder and dirt wliicn occur in steel and 
in wroiiglit iron sliow very clearly the fi.ssures and 
gaps whieh cause actual .se])aration of tho luotal 
itself. When such specimens are bent, fracture 
eiisuo.s along the lines where the slag or dirt occur. 

(.)nc fact whieh stands out conspicuously in 
cojuicction with the microscopic examination of 
metals is that chemical analysis alone does not tell 
the whole story of the behaviour of metals and 
alloys. Tht3 microscope has demonstratorl most con- 
clusively that variations in temperaturo and treat- 
ment in cooling will produce va.stly different re.siilts 
in metals and alloys having precisely, the same 
chemical constitutions. 
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Profits of Departments and Branches. Branch Books. Manufacturers’ Cost 
Sheets. Stores. Plant. Establishment Expenses. Contractors’ Accounts. 

BRANCH AND COST . ACCOUNTS 


M any wholcsaio and rtdail trading ronccrns 
havo distinct d<*pai*tinenis, each workirnc 
independently of the others. Where this is the 
•case it is necessary for the proprietors to know, 
not only the result of the trading as a whole, 
but also the results of the operations of the 
separate departments, 'rhe re.ason for this is 
that while a general profit and loss acTount 
might show that the w'hoU*. business was Ixnng 
carried on at a profit, it would not disclose what 
might be the fact — viz.^ that this was owing to 
one or two departments earning good profits, 
while oth(‘rs w<n*c being carried on at a loss. 

Departmental Accounts. A system 
of accounts has, therefore, to be formulated 
which will show, not only the general n^sult, but 
also the prolit or loss on each department, 'fo 
achieve this, a separate trading account for each 
dcfiartmeiit must be. prepared, and the best 
method of doing this is so to arrangt^ hooks 
of original entry that the information nspiired 
for the purpose is readily available. Tn a busi- 
ness such as is now being considered, it is usually 
sufficient for the object in view to asc(*rtaiii only 
the gross profit on each department-, leaving 
general establishment expenses to be debited to 
a general protil and loss account. If it is 
desirc'd to arrive at the actual net profit of each, 
a simple method is to charge the departments 
with a percentage of the general expenses, such 
as rent, rates, lighting, counting-house salaries, 
etc., such percentage being based cither upon 
the amount of wages paid or the amount of 
turnover. 

The case of a business will be taken having 
four departments — viz,, mantles, dre.ss material.s, 
h'h.s, and trimniings. The* first step is so to 
arrange the purchases book that it shows the 
amount of goods bought for each department 
as w'ell as the total. 'I’his object can be attained 
by having separate purchases liooks for eat*h 
department, but it is generally found more con- 
venient to have one book only, rul<*d in tlui 
following form, with such modi fi cat ioii.s a.s may 
be required by the partieular business for which 
it is usitl : 


Date. 

lll\ oir^,' 

No. 

Name. 

lit. Lod. 
Folio. ; 

! 




! 


The amount of the invoices will be posted to 
the credit of the sellers’ accounts in the bought 
ledger in the ordinary ivay, while the totals of 
the columns relating to the four departments 


will be respectively posted to the debit of an 
account opened in the general ledger for each 
department. The salaries and wages book will 
be ruled in such a manner as tf) sliow the 
amount paid to the emploj(u*s in each depart- 
ment separately, or else ‘the book must be 
dissected monthly. Whichever course is adopted 
the amount attributable to each department 
mu.st he posted to the debit of the respective 
departmental accounts. 

Departmental Sales. With regard to 
.sales, separate books will be required for ca.s]i 
and < redit sah‘s, and the mt‘t hodsof keeping them 
n(*cessarily differ, 'rhe cash sahvs will be mad(^ 
over the counter, and salesmen will be allocated 
to the various d(‘partments. Each .salesman will 
have, his own book, in which ht‘ will make out a 
bill for each transaction, which may, in some 
instances, include goods from all the departments. 
’Jlic books will contain tfie bill forms in duplicate, 
in order that carbon copies may U*. taken. 
The original bill is receipted and handed to the 
customer, and the duplicate is sent to the 
cjvsliier. At the end of the day each salesman’s 
cash must agree with the total of his duplicate 
bills in the po.ssession of the cashier. Jn many 
firms the money rccem^d from the customer is 
handed at once to the cashier, Avith tin* original 
and duplicate bills. He receipts the former, 
Avhich is handed to the customer, while Ihe latb‘r 
is retained with the cash. ’I’lu^ salesman's 
duplicaii‘H arc entered by the cashier in the cash 
sales book, which is ruled with columns for (*acli 
depart nuuit and for the total. 

If the number of transactions jnstifi(*.s it. a 
separate page will bo s('t apart for each .salesman. 
The columns will be totalled daily, and thr 
cashier must agree his total cash received witli 
the total of the sales during the day. At. the 
end of the month the daily totals of the dep.art- 
mental columns are extract<Hl. and their aggre- 
gates })osted to the credit of tlui dej>artinental 
uecounts in tlie g(‘neral ledgtu*. 

The credit sales will he dealt with in the same 
manner as in a business avIioh' there are no 
departmental accounts, except that the sales 



hooks will be ruled Avith columns for the various 
departments in the same way as in the case uf 
the pureiiases book. The totals of the columns 
will be posted monthly to the credit of the 
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departmental accounts 
in the general ledger, 
while the separate items 
are posted daily to the 
debit of customers in 
the sold le<lger. 

Departmental 
Trading Accounts. 
The results of the post- 
ing of the original iKxjks 
in this manner will be 
that separate trading 
aci!Ounts for tlu* various 
dt^partinents will exist 
in the books, while tlu' 
trading account of the 
business as a whole can 
hi'! made out in the form 
shown here. 

The pre])aration of 
Ihe trading account in 
tliis form enahl<‘s the 
jiroprietor to see jit a 
glance, not only the 
gross profit of the 
whole busiru^ss, but also 
that fif the separate 
departmonts. The re- 
sult is that a failure by 
any depart nu^rit to earn 
the rate of profit wliich 
may reasonably be ex- 
j)ectcd is disclosed. In 
the case with which we 
are dealing it is aj>- 
parent that there is 
somctliing wrong with 
the felts department . 
The mischief is in either 
the stock, purchases, or 
sales. Stock may have 
been taken too higli at 
the end of tlio last 
trading period, or too 
low now. If it is 
neither of those things, 
tlien the department 
may have been buying 
too dear, or selling too 
cheap. The system of 
accounts has done its 
duty and disclosed the 
existence of the defect. 
It is for the proprietor 
to discover the cause 
and the remedy. 

Branch Accounts, 
'fbe reason which ren- 
ders the kt^eping of 
departmental accounts 
de.sirable applies with 
even greater force to 
branch accounts. It 
scarcely needs slating 
that the proprietor of a 
business with several 
branches requires to 
kno>i^;|:the result of the 



-trading. at each of them. The xhethods of 
keeping the accounts of branches differ according 
to the requirements of the business; but. there 
are general principles which can be observed 
in every case. Let us assume that a branch 
has been opened and a manager installed. A 
quantity of goods, and a supply of cash for 
l>etty expenses, are sent by^tho hiorl office to 
the branch, where a set of books will be kept 
in \\ hich entries will be made recording those 
facts. The goods and cash accounts in the 
branch ledger will be debited with the value 
received, and au account opened for the head 
office will be credited. All goods and cash 
received from the head office during the year 
will be similarly treated; while, if the manager 
is authorised to purchase goods himself for iho 
branch, he will debit goods account with the 
amount purcliased and credit the sellers. 

Branch and Head Office Returns. 
All the cash received for sales inust be banked 
daily, and weekly returns of all business done 
sent to the head office every Monday morning. 
If sales are, allowed on credit, details must bo 
furnished to the liead ofliee, as it is usual for 
accounts to be rendered from there. If cash is 
received by ihe head office from branch debtors, 
the branch must be notified in order that the 
amounts received may be credited to the cus- 
tomers, the head ofliee, of course, being debit(^d 
with the amounts as the n^ceipt of them is 
notified. Payments to creditors for goods sup- 
plied to the braiicli direct will probably be rare, 
and will, as a rule, be made by the head office. 
This will render necessary (‘ntries in the branch 
ledger, debiting the cr(*ditors with the amounts 
they receive, and crediting head offict^ account 
with the amount f)aid for the branch. The result 
will be that tbt^ head office is <Todited with all 
goods and <‘ash supplied to the branch, and with 
payments made on its beluilf, while it is debited 
with all cash paid int(> tlu* bank, and with all 
ajiiounts it re(a*ives from debtors for goods sup- 
plied by the branch. 

Head Office Entries. In the head office 
books the entries will bo the reverse of those 
in tile branch ledger. All goods and cash 
supplied will bo debited to an account opened 
in the name of the brancli, the cash and goods 
, accounts, of course, being credited. Any goods 
returned by the branch will be debited to goods 
and credited to the branch. Payments made 
for the branch wdll be debited to the branch 
office account and credited to cash, wliilo amounts 
received by the head office for the branch wjll 
be debited to cash and credited to the branch 
account. 

At the end of th^ trading year a trial balance 
of the branch ledger will be prepared by the 
manager. It will contain in the debit column 
the balances of wages, purchases, discounts, 
cash and any expenses accounts, as well as the 
customers' balances ; while on ihe credit side 
will appear sales and creditors* balances. The 
balance of the head office account will also appear 
in one of the columns. This trial balance will 
l>e sent to the head office, and, if the balance of. 
the head office account shown therein agr^ 
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I)i, 

HEAD OFFICE ACCOUNT IN BRANCH OFFICE LEDtiER 


Cl 

. 

lOOT). 





1905. 





Jtin. to 

To Cash paid iii by Branch 

1.460 

0 

0 

Jan. I 

By CJtxxls aupyilied . . 

200 

0 

0 

Dec. 

,, do. received froinRmncli 





,, Cash for expenses 

25 

0 

0 


debtoiu 

fiSO 

0 

0 

Jan. to 

,, (ioeds supplied 

l.lOO 

0 

0 

Dec. 31 

„ Debtors on books 




Dee. 

,, Cash for potty ex]jenseH 

250 

0 

0 


200 0 0 





,, dn. for rent, rut ok, etc. 





„ Slock on hand 





of Branch 

200 

0 

0 


ISO n 0 





.. do. paid to <!reditor of 





,, Cash do. 10 0 0 





Branch 

30 

0 

0 


— 

390 

0 

0 

Dec. 31 

I’nilit as per trading 





• 





account . . 

625 

0 

0 


£ 

2,430 

0 

0 


£ 

2,430 

0 

0 






1906. 










1 .Inn. 1 

l^y balanci*. b d 

390 

0 

0 


Dr. 

BRANCH OFFICE ACCOUNT 

IN HEAD OFFICE LEDfiER 


D 

■ 






1905. 





Jati. 1 to 

To Oo«hIs su)i])lit*d. . 

1.300 

0 

0 

Jan. to 

Bv (-'ash paid in by Branch 

1,400 

0 

0 

Dec. 3] 

,, (’ash for oxiicnst's 

275 

0 

0 

Dee. 

.. do. ri'ceivod from 





do. paid to nvditnrs 





Braiicli (ltditors 

5S0 

0 

0 


for rout, etc. . . 

230 

0 

0 

Dee. 31 

,, Flouting assets on luiiul 

390 

0 

0 

Dec. 31 

Profit as per Bran<‘!» 









trading 0,0 .. 

625 

0 

0 







1' 

2.430 

0 

0 

1 


£ 

2.430 

0 

0 





1' 





Jail. 1 

'To halanco, bAl 

300 

0 

0 ! 







with llu* l)a[;:,!i(‘o of tho branch account as 
appearing in (he head olli<‘e J(*(Jger, a trading 
account of lh<^ brancli will be prepared and (he 
balance thereof transf(*rrt^d to the liead otTi(;e 
account in the branch ledg<*r. If (he result is 
a profit, it will be entered on the credit side of 
the aeeoiiut ; if a loss, on the debit side. 

The reason for the agroemtent of (he two 
accounts in the rtispc'ctive books should be 
apparent, but in order (o make th(5 matter <jui(e 
clear the summarised accounts are given at the 
head of this i»ag(\ 

Tf there arc any lixed assets of the branch,, 
such as lcas(% fi.xiures, furniture, oU^, they are 
not included in tlu^ braiu^h ledger, but an^ 
debited to their respectivt* accounts in the head 
oflieti ledger. When the balance-sheet of the 
business as a whole is pre]jar d, they are included 
(h(‘rcin with other assets of a like natur(\ The 
floating assets of the brancli, consisting of debtors’ 
stock and cash, are also iiuiorporated with 
similar as-sets belonging to the head office and 
to (jthei* branches, and are brought into the 
general balanc'e-sheet instead of being shown 
as a debit balance owing by the branch to. the 
head office. 

Cost Accounts- It is necessary in all 
businesses having for their object the manufacture 
or production of commodities that there shall 
be an efficient system of accounts enabling the 
proprietor to arrive at the cost of the article 
produced. The main cause from which this 
necessity arises is that the manufacturer must 
know the cost of what he produces in order that 
he may fix a price at which to sell, or to give 
an estimate for a contract for similar work in 
future. There are two principal classes of 


undertaking in which a systiuii of cost aceouiils 
is of the utmost importance — e/:., (1) tliose 
engaged in tlie ])roduc(ion of a particular 
arti(;li‘, e.j/., collieries, ironworks, brickworks, 
etc. ; (2) tliose in which tlie business consists of 
the carrying out of a d(‘linitf’! piece of work, 
known as a contract, where knowledge of the 
a<*lual cost of each contract is required. 

For both classes of undertaking the general 
principles to be ()bservt‘d art^ th(‘ same, and con- 
sist of tho eandul subdivision of the? various 
heads over which tho cost of performing tlie 
work is spread. In both kinds of husiues.s tlie 
cost of the linished article or of the contract is 
mad(' up of (1) materials, (2) labour, (3) general 
ex])enses iU‘C('ssa.riIy incurred in carrying on the 
business, including wear and tear of machinery 
and plant in producing tin* article or executing 
the contract. The records to be kept in order 
to obtain the desired result necessarily vary in 
dilferent businesses. In a manufacturing con- 
cern. wliere one class of article is produced, the 
cost jM*eounl is in the naturt^ of tho debit side of 
a trading account for a limited period, frequently 
a we(‘k or a month ; while in the case of a con- 
tractor a separate cost account is kept for each 
contract undertaken. In the former class, 
howc'ver, the items are more highly classified 
than in the trading a<*count of an ordinary 
busine.ss. 

Manufacturing Coat- Tlie Avages paid 
are analysed over tlie different classes of work- 
men or according to the various stages of the 
work, and the cost of supervision directly 
attributable to the performance of the work 
is also included. The materials and stores 
used are charged at cost, and a charge is alsr» 
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mado for what may bo termed Indirect Expenses, 
or, as they are usually called. Establishment 
Expenses. These consist of the depreciation 
naturally arising from the continual usmg of 
the machinery and plant in the production of 
the article, and also of the cost of upkeep of the 
business apart from tJie direct cost of manufac- 
ture or production. They include rent, rates and 
taxes of t)ie factory and workshop, the salaries 
of the factory man igers, and the cost of motive 
power. Many busin(^sses draw a line here, while 
others add general office expenses, discounts, 
bad debts, commissions, etc., before arriving at 
a figure which is d(‘cmcd to be the cost. 

In this class of business this periodical sum- 
mary is generally eall(*cl a cost sheet, and gives 
a comparison between the current rnontli and 
the preceding one. In tlie casci of collieries, 
brickworks, etc., a stMteru(*nt is added showing 
the cost per unit during tl\<‘ month. In a colliery 
the unit i.s the ton, in a brick work,s, 1,000 bricks. 
(Wt accounts or sheets on somewhat similar 
lines, but of a more c^laborate nature, are also 
prepared in the case of tramway, gas, water, 
electric light and railway companies for the pur- 
pose of asciertaining the cost per unit. 

For the purpose of making the figures required 
for the final cost account or .summary easily 
obtainable, the subsidiary books must be suitably 
ruled. The wage.s book is kept in tabular form, 
and shows not only the amount's paid weekly 
for the different classes of labour, but also the 
amount which is attributable to each coiitrairt 
or department, (’are must bo taktm to ensure 
that the amounts charged in the various cost 
sheets or contract accoiints agree? in total with 
the amount actually paid. It will sometimes 
bo5 found that the wholcof the wages paid cannot 
be allocated over the variou.s processes or jobs. 
In such a case the balance of wages must be 
regarded as part of the gcaieral establishment 
expenses. 

Stores. The detail whicli, as a rule, give.s 
more trouble than any other in connection 
with cost accounts is that of stores — i.e,, 
materials used in the process of niaiiufacture 
of which a certain stock is kc*pt on Jiand. The 
c.ause of the trouble is the difficulty in agreeing 
the amount of stores on hand at any time with 
the amount that should be there, having regard 
to tlie purchases and the amount used according 
to the costs sheets. The deficiency is to some 


extent caused by waste, for it is implossiblo to 
take moat kinds of stor^ into stock in bulk, and 
hand it out in small quantities without, some 
shrinkage. But the chief danger is from leakage 
by pilfering, and to guard against it several 
devices have been adopted. One in very general 
use is that stores are only handed out by the 
storekeeper upon uTitten requisitions signed by 
properly authorised persons. The requisitions 
state the purpose or contract for which the stores 
are required, and after the demand has been 
complied with thev are sefit by the storekeeper 
to the counting house, whore the stores are 
charged out in accordance with the particulars 
given on the requisition. 

The best way of ensuring that this is accurately 
done is to have a summary of the stores issued 
during a given period prepared in columnat form. 
The columns are headed with the name or num- 
ber of the department, or contract, for which the 
.storas are required, and at the end of the week 
or month the total of each column is posted to the 
debit of the cost account indicated. The stores 
are priced, out at cost, and this stej^ should be 
carefully checked, as improper pricing might 
open the door to considerable fraud. For tliis 
reason the pricing is better left to the counting- 
house staff than to anybody handling the stores. 

Stores Accounts. In some ostablisliments 
stores accounts of a more or less elaborate design 
are kept, showing both quantities and prices of 
stores received .aud issued. Where these an* 
accurately kept — and there i.s no reason why, 
with care, th(?y should not be — they are of con- 
siderable value in operating as a check upon 
the stores in hand. Evtai w^hon Uie accounts 
imder this system are properly kept, il\erc will b<» 
differences, but they should be small in amount. 
If any great discrepancy wito discovered be- 
tween the stores appearing by the accounts to 
be in hand, and those actually in stock, as ascer- 
tained by sto<'ktaking. searching in(juirit‘.s would 
be made to a.sccrtain the eau.si'. 

Any stores not retpiired for the purpose for 
wliich they were issued are returned into stock, 
with a note of their quantity and the job from 
W’hich they are returned. Se]3arate accounts 
will, of course, be required for the various kinds 
of stores, and as it will be of assistance to the 
student in the proper understanding of the 
subiect, a s])ecimen ruling for an account is given 
in the table below'. 


SLATES ACCOUNT 


UKCKIVEO 


Date, o ^ 



im 
Jan. 1 


Eroin whom . 
ohtaint*<l. 


i^uantity. 


! S® 


I ; t i.SZ? 
jl2by6-ieby8j20by9!j£ 


Amount. 


68 

15 


hroii^'ht ! 
foovard , 
do. . . I 

do. . . t 

A.B. A'Co. ‘ 15,(XK) 
do, ; 

Cent. 18 
returns. . t 


j 4,000 


650 


0,000 

10,000 


40/- 

.50/- 

75/. 

40/- 

75/. 

50/. 


10 0 
10 0 
U 10 
30 0 
37 10 


1 12 e 


Date. 


Jon. 8 

M 16 


ISSUED 


c 


II 

c:; : 


.'■>13 
5 to 


Contract 

or 

Quantity. 


Amount. 

Depart- 

ment. 

12byC 

16 by 8 


S'* 

No. 3.') . . 
Si7 .. 

3,<K)0 



’ 40 /. 

75/.' 

0 0 0 
15 0 a 
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Most large contracts require that special materials shall be 
purchased for them. These materials do not pass throiigli 
the stores accounts, but are charged to the contract accounts 
direct from the purchases book. 

Plant. In the case of a contractor, the plant used on 
the works in progress will be dealt M'ith in ji similar manner 
to the stores, so far as charging it out to contracts or 
departments is concerned ; but it is not so usual to keep 
plant accounts as store accounts. A good method of 
recording the movements of plant is that mentioned above 
in connection with stores, by which it is only issued against 
pro|K‘r requisitions, which are summarised periodically, and 
the totals charged out to the different jobs where the plant 
is being employed. In regard to plant, a point arises which 
also affc^ois stores to a limited extent. When plant has h(‘(‘n 
in us(^ for perhaps several months on a contract, Avlien* it 
has been exj)oscd to the weather, it naturally deteriorates in 
value, and is not worth as much when returned as it was 
when issued. The depreciation in value is made to fall against 
the contract by the plant being credited to the contract 
account at a lower rat(' than that at which it was originally 
charged. It thus goes back into stock - at its diminished 
value. 

Contract Accounts. It is convenient to keep the 
aceounts of contracts in tabular form, in order that the 
expendiiuni under the various heads may easily be ascertained 
at any time. The headings will vary according to the 
nature of the business, and that given on this page is a ust^ful 
form in the case of a builder. 

When the (iontract is comphded, the account is closed, as 
shown, by crediting the amount, due from the person for 
whom the work has been carried out, and also the then 
valiKj of any plant and stores returned The diiTerence 
bet. ween tlic two sides of the account is obviously the profit or 
loss upon the eontriu^t. The debit to the owner of the work is 
sViown on an account in a ledger known as the contract ledger. 

TJiis ledger, being used for keeping the accounts of persons 
foj* whom work is being ilone, and who are, therefore, iiulehled 
to the busiiK^sM, it would naturally be supposed that the 
balances thenun wer(» debit balances. It usually hap])cnH, 
liowev(‘r, that. ])aymerits on account of the* vvork are made 
by the owners during the progress of the coiitraei. When 
this is the case, the amounts received are debited to cash and 
ej*(idite(l to the payer in ordinary course. As the owm^rs of 
the various works ar(^ not debited witJi the contract y>rice 
until the comph'tion of the contracts, it follows that their 
accounts in the meant iiiu' show crt^dil balances, against wbi(*h 
have to be set the several debits on the contracts accounts. 

Establishment Expenses. The nature of c.stabli.sh* 
ment exjHmses has been explaimd, but nothing has yet been 
said Upon the manner of apportioning them hetuet'ii the 
various jobs in the case of a con tractor, or hetwccii the 
various dejiartmeiits or f)rocesscs in a manufacturing concern. 
The practice upon this point differs, and it depends to .some 
e^xtent upon the nature of both the business and the par- 
ticular expense. It will lui sufficient for the iircscnt ]>urposc 
to indicate the various systems, ns no rule can be laid down 
for general application. There are three principal methods of 
charging the department or contract : (1) such a profior- 
tion of the total establishment expenses as the co.st of the 
contract bears to the cost of all the firm’s work ; (2) a similar 
' proportion based on the time charged ; and (3) a proportion 
(talculated in the same way upon the basis of wages ]>aid. 
Tlie object is that each departnuait. or work should be callwl 
upon to bear its fair share of the general expenses of the 
upkeep of the establishment, and that method is adopted 
which is best calculated to bring almiit this result. 

* J. F. G. PKK 'E 
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GROUP 25— MATHEMATICS * THE BASE OF ALL THE SCIENCES— CHAPTER 16 


Terms and aperatlons. Definitions. Simple ^bstitutions. 
Positive and Negative Quantities. Addition and Subtraction. 


ALGEBRA 


DEFINITIONS 

1. Algobra, like Arithmetic, deals with the 
properties of numbers. Algebra, however, has 
much greater scope than Arithmetic ; for, in 
Arithmetic, numbers are represented by figures, 
each figure having only one meaning ; but in 
Algebra, numbers are represented by letters^ and 
eaeli letter may liavc any value wo please, the 
only limitation being that, in any particular 
investigation, a letter keeps the same value 
throughout. Since the letters may have any 
\alue whatev(u*, the results obtained must bo 
equally true of all numlxM’s. TJius, in Algebra, 
we arc able to generalist the results obtained in 
Arithmetic. 

2. Tlie chief operations arc the same as in 
Arithmetic — viz., addition, subtraction, multipli- 
cation, division, and are expressed by the same 
signs, +♦ X, Thus, r* H- 6 moans that 
the number whieh is repn'sented by 6 is to be 
added to tlic number wliieh is represented by a. 
Similarly, a - h means that the number repre- 
sented by b is to bo subtracted from the number 
represented by Ou If wc do not know the actual 
numbers which a and b rejjresent, we can go no 
further than witing the results in the form 
a f b and a-b respectively. When two letters, 
or a number and a letter, are to be multiplied 
together, the multiplication sign is usually 
omitted, or it may Ix' replaced by a dot. Thus, 
ax b ma^ be written either in the form a . h 
or db. The latter is more usual. Similarly, 
.‘1 X XX y X z is contracted into Sjv/c. 

As in Arithinctic, division is also denoted by 
writing Iho dividend above the divisor, with a 

lino between them, so that a -h 6 and j each 

b 

mean that a is to be divided by h. 

3. When two numbers are mu hi plied together 
tho result is called the product; or, if nioro 
tlian two are multqilied, the continued product, 
Eac^h number is called a factor of the product. 

If we separate tho factors into two groups, 
either group is called the co-factor, or the co- 
efjicient, of tho other. If one of the factors is 
t‘xpr<'sscd in figures it is called the numerical 
coefficient of the other factors. 

In the product Zxyz, 3 is the numerical 
coefiici(‘nt, xy is the coefficient of 32, z is the co- 
eliioient of 3:r//, and so on. 

I’he doHnifions of power, index (or e.rponent) 
and root given in Arts. 138 and 139 of Arithmetic 
also apply to Algebra. 

Thus, tho fifth power of a moans ax ax a 
X ax a, and this is abbreviated into a^, and 
read “ a to the fifth.” 

\ 4. An algebraical expression is a collection of 
symbols, such as *Sxhj 4xyz -5-22-6. The 


parts of an expression wliich are connected by 
the signs + and - are called its terms. Thus, 
the above expression consists of throe terms—. 
viz., "Sxhj, 4:xyz-h2z, and 6. It should par- 
ticularly be noticed that 4xj/z -i- 2z is one term, 
so that 4xyz is to bo divided by 2z first, and tho 
result added to Sar-y. From tliis last result, 6 is 
to bo subtracted. 

This explaias the reason for the statement in 
Art. 87 of Arithmetic. In the example there 
given I 1 forms one term of tho expression 
J -7- J -f J, and therefore its value must be found 
before the remaining term can be added to it. 

5. A simple expression, or monomial, contains 
only one term ; o, compound expression contains 
more than one. A compound expression of two 
terms is also c* ailed a binomial expression ; one 
of three terms is a trinomial ; one of •more than 
three is a multinomial. 

6. Brackets are used in the same way as in 
Arithmetic [Art. 84]. In addition to the ordinary 
ff»rms of brackets, a straight lino called a 
vinculum is used. The line is drami over the 
expression which is to be treated as a whole; 
thus, 2a - (c - rt h b) has the same meaning 
as 2a - {c - (a f ^>)i. 

SUBSTITUTIONS 

7. Wc shall now work examples to illustrate 
tho foregoing dclinitions. 

Example 1. If a: 3, what is the value of 
(i.) ad, (ii.) 4x ? 

.r* means the continued product of four quan- 
tities each equal to .r. 

:t'‘ - X \ X X X X X 

- 3 X 3 X 3 X 3 

• == 81 Ans. 

4.1- means tho product of the two factors 4 
and X. 

4 a; — 4 X a; 

-4x3 
- 12 Ans. 

Example 2. If a — 1, 6 — 2, c == 3, find the 
value of oahe^. 

Tuihc^ t>x ax h X cx c 
-5xlx2x3x3 

— 90 Ans. 

Note that tho index, 2, only refers to the letter 
after wliich it is writtc'', oaJhc^ does not mean 
that wo are to find the value of 5a6c and squafe 
the result. 

Example 3^ If « = 6 and 6 = 2, find 

value of \/5a‘^-6‘^. 

*J — 6“ = Vs .a.a — 6.6 = \/5.6.5 — 2.2 
= ^121= 11 Aw. 
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Example 4. When x — 2, ly = 1, and 2—3, 
show that ‘ ^ 

3^- - z __ A" 3// 4- 2 " _ 
a:-2yT2 ’Vo.r‘- 3v‘* 4 2 '* ~ 2 

The expression on the loft 

2 - 2^- 3 V40 - 3 f l>7 


= 4 


V(54 


'V — ^ ^ 





* Exampip 5. If a; — 5 and y — 2^ find the 
value of 


2^:- [14 3 (a:- 1 //)]. 

The given expression 

- 1()-[14 3 (5-1^2)] 

= l()-[l + 3(5-3)] 

= 10-|1 4 3.2] 

- 10 -[I H 0] 

10-7^ 3 JuA. 

Aft(;r substituting tlio values of tlie letters, we 
proceed exactly as in the example worked out in 
Art. 84 of Arithnjetie. 

8. If one factor of a product is 0, the j>roduct 
itself will bo 0. Also, any pow’t^r of 0 is 0. 
Hence, if w-e are required to find the value of 
such an expression as h 3ab^ 4 laV-, when 
fi — 3, 6 • 2, and x -= 0, wo neglect all terms 
containing the factor x. 3'hua, the required value 
is that of 3a'>‘, or 3,3 . 2^ which equals 72. 


EXAMPLES 1 


If ft = 3, 6 = 1, c - 2, find the value of 
1. 3u 2. 4abc\ 

8. a-' I fr'' + <r>-3a6c. 4. “ tA" 

m c- 

5 . \d'lrc^ — \dl>c. 

If X - (), y = 3, 2 -- find the value of 


c 

6 ' 


6. + 7. y-W. 

8. Jx -\- y . + + 72''* 

9. vShow that x? — lx+ 12 is equal to 0 wdien 
a: = 3, and also when x — Find its value 
when x~ 5. 

10. Tf a — 4, b==2, C-- I, and d = 0, find the 

value of (ad -I b<i)'^-2 (2d^-:W) (c%f-26F. 


POSITIVE i^ND NEGATIVE 
QUANTITIES 

9. The signs 4 and - have, in Algebra, a 
wider meaning than in Arithmetic. Tl^ey aro 
used to denote a quality of the quantities before 
whieh they are placed. Many quantities may 
hnply either an increase or a decrease. For 
example, a sum of money may bo received, or it 
may be paid. Ilence, wo agree that a quantity 
which* the quantity wo aro considering 

shall bo called a positive quantity, and have tho 
sign 4 prefixed ; while a quantity which 
decreases the quantity wo are considering shall 
be called a negative qvurUity, and have the sign 
-prefixed. Thus, in calculating the amount 
of money a man is worth, 4 £5 will stand for 
£6 which he possesses, or which is to be paid 
to him ; while - £5 will stand for £5 which ho 
himself owes. But, if we are estimating tho 
man’s debts, 4 £5 will stand for £5 which ho 


owes, while - £5 will stand for £5 which is 
owing to him. 

10. Used in this sense, the sign 4 is often 
omitted, so that, when no sign is written before 
a term, the sign 4 is understood. 

I'ho necessity for distinguishing between 
positive and negative quantities has led to the 
word “ sign ” being applied only to the 4 and 
— , and not to the x and -i*. Thus, when we 
speak of the sign of a quantity, wo mean tho 
4 or the — placed befon^ it. 

11. The magnitude of a quantity, considered 
independently of its sign is called its absolute 
magnitude, 

ADDITION 

12. When two terms contain the same letters, 
and the corresponding letters in each term aro 
raised to the same jiower, they aro calk'd like 
terms. If the corresponding letters are not raised 
to the same power, they are callcrl unlike terms. 

Tlius, 4xifz^ and - 2xy^z^ are like t(?rm8. 
since each contains the letters x, y, 2 , and x is 
raised to tho first power in each, // to the third 
power, and z to tlie second })ower. But 3d^b 
and 2ak- arc unlike terms, since, although they 
contain the sanu*. letups, the letters aro not 
raised to the same ]X)wer in each. 

13. A positive quantity makes an increase, 
and a negative quantity a decrease. Hence, 
to add a positive quantity to any c'xpression, we 
add its absolute magnitufk^ ; and, to add a 
negative quantity, wo snblravi its absolute 
magnitude. 

Thus, if wo a(kl 1- 2rt to ^ 3a wo get 4 2a 
4 3a ; whik*, if w’e add - 2a to 4 3a, we get 
4 3 a - 2a. 

3Mw*r(‘for(% to tuld a t< rm to an expression, 
write the term after the expression, with its sign 
V nchanged. 

Again, it is clear that to add an expression 
gives the siime rt‘sult as if we add the ternui of 
the exj)n;ssi»)n separately. 

For example, if we add the (expression a I 
.6 — c to X wo sliall obtain the same result as if 
wo first add tht^ term I a to x, then the term 
4 b, and linally, the t(‘rm - c. 

Hence, to add two or 'more algebraical ex- 
pressions together, write down all the ter^ns in 
succession, 'with their signs unchanged. 

14. After writing down all the terms we 
muvst collect tog(*thcr all terms wdiich aro like 
[Art. 12]. 

For this, wc have fli(‘ following mica: 

1. d'he sum of like terms is a like term. 

2. If tho terms all have tho same sign, add 
the cooflieionts. Prefix the same sign to the 
result. Tills will be the coefficient of the sura. 

3. When some of the like terras are positive, 
and some negative, (i.) add the coefficients of 
the positive terms ; (ii.) add the coefficients of 
tho negative terms; (iii.) take the difference 
of these results, and prefix the sign of tho 
greater. This gives the coefficient of the sum. 

Example 1. Add together 9a'^, 11a’. 

d^ I- 5a^4 9a2q- \\d^ 

= (14 54 94 ll)a^ 

— 2(kt^ Ans, 
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We add together the four coeffijcients — 

1, 4- 5, ^ 9, 4- 11, giving f 26 for the 
eoetficient of in the required sum. 

Example 2. Find the sum of - 12a?“y, -4a;Vt 
and - Vlx^y. 

~ \2,x~y “ Axhj - 17^*^y 
= -(12 i-4+17V>‘y‘ • 

Add togetlior 12, 4, and 17, and put the same 
sign, viz., , b(‘fore the result ; giving - for 
the coe die lent of x^y. 

Example 3. Add together ^ahe, - [iabc, - 2a6c, 
Mfc, - 4a^r. 

5a()c - {Me - 2aijc -1- 3o6f - i<i6c 
1.- 8 aM; - I nrrM' , 

Wo find the sum of the positive ti'rms as in 
Ex. 1, and the sum of the negative terms as in 
Ex. 2. Finally, to obtain the sum of Habc and 
-- loa?ir, we lake the dilfcroncc between 8 and 
15, mid prefix the sign of the greater nuiulK?r. 
the result being - 7rtf>r.. ' ' 

15. When the expressions to le Ridded con- 
tain several sets of like terms, \vv proeei'd as 
above with (^aoh set separately. 

Example 1. Add together 46c -- 3m ^ oca 
- 6tt6, *' 76r -} ra | 2ab. 

Th(‘ sum 

~' 46c— 3m ! ah \ CmiriM -lhc i- m \-2ah 

~ 46r - Ihr - iyra 4 cd ah - (3tt6 I 2ah 

- - 36c • 4 3m -- 3a6 A us. 

Note. The second line of*work is nu'ndy a 
rearrangement of the first/arid is not iieet'.ssary. 
It is introduced to show clearly liovv the third 
line is obtained. 

It is more usual to arrange the terms in 
eoluums, with like terms in the same column. 

The above example then appears thu.s : 

‘16c - 3m 4 ah 
Vica - {\ah 
-76c -l m I 2ah 
- 36r I 3m - 3<*6 .1 tvs. 

Generally, we comliino the terms in the left- 
hand column first, .and so on, working from left 
to right ; but this, of course, is quite optional. 

Example 2. Find the sum of i}a-b - {ah- d\ 
Jd'* - Id^h 4 %ab^, ah'^ - d^b. 

~,d“b - \alr 4 a^ 

- |rt“6 4 i;a62 ^ i 

- a^6 4- ab‘^ 

ift"6 4 ya6“4 ila^ Ana. 

Wo have a column for the terms d^b, another 
for ab'^, and a third for a’*. In waiting the 
columns, note that we have to insert the sign 
4 bt‘fore Id^ and before rt6-, these tf^rms having 
no sign in the given expressions, 4 being there- 
fore understood [Art. 101. If fractional 
coeflieieiits eatmot bo added mentally, wo pro- 
ceed as in Arts. 80 and 81 of Arithmetic. 

SUBTRACTION 

\ 16. Subtraction is the reverse of i^dition. 
Therefore, if to some expression we first add a 
quantity, and then subtract the ‘'ame quantity^ 
tne expression remains unaltered. 

Hence, a?4 y-y is the same as a?, 
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Now, if from the expression a: 4 y we f ake 
away th© 4 y**.® hiftve x - ?y loft. ^That is, if 
we take away -^^from x we have «ri-y left. ■ 
Similarly, if from a; 4 y - y we take 'away 
the-y, wo have a: 4 y left. That is, if w© take 
away - y from x wo have x y left. 

We have, therefore, these two results, 

^-{ + y)-=:r - 7/ 

- y)--- x-t y 

from which we obtain tbe rule : To svhtract a 
term from a given expression, tvriie it after the- 
given ejcpression, but with its sign ch'inged. 

Again, to subtract an exiMTcssion as a whole 
will plainly give the same result as subtracting 
tlie terms of the expression separately. 

* Hence : , To subtract one expression from 
another, write all the terms of the one expression 
after the other expression, but with their signs 
changed. 

17. After writing down the? terms, w'o collect 
like terms exactly as in addition. 

Example 1. From 5.f -- 2y hz take — x -f 3// - z. 
Writing the second expression, with all the 
signs changed, after the first expression, avo get 
r>x - 2y I- 2 H' .r - 3y 4 z 
— - 5y I 2z A'ns. 

The w^ork is often arrangcTas foi addition, ilio 
expression to be subtracted being vvrittem undt'r- 
neath Ibo other, with like tiirms under like 
terms, '^rhe signs of the lower line are changed 
mentally. 

Tlic abov(^ ('xajuple tluTi a])p(‘ars nui.s, 

Fi om iix - 2y -I- z 

tfikc “UT-f-oy-s 

(>.r - r >7 t- 2,:: .ins. 

Say, 4 X and ;>,r tVr 

— 3// and ■ 2y — 5y 
4 z and 2 - 22 . 

Example 2. Subtract - 2r\y 4 y’* from 

— x ' -4- 2xy- -{ 2y". 

From x'^ -I 2xy 4 2y^ 

take .r*- 2 .r-// I 7 * 

i tr A7is. 

Say, - r* and - xr^ -- — 2.r* 

h 2x^y and 0 ~ 2.r“y 

and so on. 

EXAMPLES 2 

Find the sum of 

1. l]ah -I- 2m ~ ^^bc ; - 4(i6 -f- m 4 36c ; 2ah - 2m 
4 46c. 

2. x^ - 2x“ 4- 1 ; 3.r 4 4^- - 2.c'' ; - 5 - 2a* ; - 3.7 - 

— r* I *6. 

3- §*-Jy + gz; -lx+ t’oy-iVi 

— 1®. 

4. ax' - d^ 4 Sor* ; 2a'-*ic h — 4a.c^ ; 3a^ — 5x^ ; 
2ax- - Sa'x 4 d* 4 x'^ ; -- ax-^ - a-x - 3a‘*. 

Subtract , 

5. a6 4 cd - 6d from -ab- 2cd -i 36d. 

6. 5.i:‘**y - f x^ from 2xy^ ~ 3x'y - y*. 

7. 4 ^6 - |c from Ja - ^6 4 Jc. 

8. G«* - 2a 4 3 - from a ~ 1 4 3a^ - a^. 

9. From the? sum of 7x-4-h 3xi^ and2ar’-4a: 
4 1 take a?* ~ x' 4 a: - 1. 

10. Add the sum of 3y - y^ 4 2 and 1 -- 4y^ - y 

to the remainder left whon.Sy - 6y^ is Bubtraoted 
froml-2y, H. J.* ALLPORT 
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The Neglect by Modern Youth of 
the Easiest itvenue to Success 

HARD WORK 


T he world today is full of yoiu\L; men 
who profess to be ambitious to win 
Success, who declare that they are lookinj^ 
out for opportuiiUy, but opportunity never 
comes, and they i;o on from vear io year 
without makinfi^ any aj^preeiabh! pi\)^res<, 
while here and there an associate of tlu‘irs 
gets right ahead, and, after a compara- 
tively short time, readies a s\immit oi 
success in his sphere. 

Probably not one in a hundred of the 
m(ai who enter busiiu'ss, or practise art. 
literature, or tlu‘ learned professifin^, can 
be said to attain a real success. The 
prizes go to the few ; the others bemoan 
their unfortunate lot, and complain that 
they have never had the chance they 
deserve and have waited for. Why 
is it so few arc successful in any real 
sense of the word ? Why is it so 
few reach substantial incomes, discovta 
things, achieve triumphs, become kings 
, ill liti'rature, or art, or commerces ? 

ft is . sur])rising that the numlx'r of 
successful men is not' larger than it is, 
for, while tlua'e. a hopeless struggle at 
the foot of the ladder, tliere is always 
plenty cd’ room at the top, and v(‘t very 
icAv make any resolute attempt to gd 
tliere. If the man who earnestly deter- 
mines to be successful cannot find a 
])osition for him^ell already existing, he 
very soon makes one. A substantial 
degree of su<'ce<s is not an ideal ])ossible 
onlv for a few ; it is a ])ath open to many, 
if they will only learn the true secret 
of its ascent. 

The primary sc ret of success certainly 
is not genius, for very few' of those wla^ 
are regarded as thi! world’s successful 
men can be described as geniuses. It i-> 
not licredilv, nen yet the advantages of 
early youth, for many of tlu' greatest 
men in science and art and literature and 
commerce have been children of ]) 0 (»v, 
uneducated parents, and. so far from 
having enjoyed advantages in youth, ha\'e 
suffered every disadvantage and met 
w'ith every possible obstacle. The leal 
secret of success does not lie in anything 
outside llie man himself, and this makes 


it all the more* amazing that with such a 
prize witliiu reach so few men make an\' 
really serious effort to obtain it. 

The most readily available avenue t(.) 
success is hard work. Nearly ever\ 
instaiiei‘ of a man who has gone to the 
lop in his prolession or business is a proof 
of this, 'file worUTs great artists haA'(* 
not picked up a brush and in a moment 
of inspiration dashed off a nuislerpieci . 
Most of the pictures that are the admira- 
tion of th(‘ world today were painted, 
addc'd to, alteriHl, improved, and worked 
upon till the* artists f(‘lt they would nevt*r 
have th(‘ir tasks finislu^d. d'ht^ woiiil’s 
scientists and inventors did not liit upon 
their grt'at dise(>veries by a hajipy in- 
tuition. riitv worki'd and studied by 
day and by night, ikw'iM' flagging in tluir 
energv, and ottiai by sheer hard work, 
as well as by genius, wrested from Nature’s 
jealous grasj) Mcrets which have b(‘(*n 
ol inestimable value to mankiiui. 1’he 
w'orld’s great literary masterjiieres liavi* 
not been written in a moment. They 
repH'sent the result of toil such as most 
of file peo])le who read and enjoy them 
know’ nothing of. It is said that Waller 
Pater rewrote oik.' of his most brilliant 
books, “ Marius the ICpicurean," no lewer 
than ten times ! And tlu' great businesses 
of the w’oild, the (dtadels of commerce, 
w’hich are tlu' mainstay of all civilised 
nations, an.' (‘ssi'iitiallv monuments of 
Jiard, and e\e!^ of wc‘ar\', toil. 

Hard work is the most I'asily followx'd 
avenue to sn('ce->s, aiul yet liow' few there 
are wlio evt'r have made use of it to attain 
tiu*. sncci'ss and power and wealth tliey 
(‘iivy in men who hav(' used it to the. full ! 

All great employe of labour, all in 
places of power and juofit in the out- 
standing businesses of tlie land, av(‘ onl\‘ 
too well aware that IIk* young men of 
today an' iK»t willing to work hard. 
Thc'V have' ten) many interests outside 
their businesses, and only one here and 
there puts work first. When business 
clashes with these intciests, then business 
must bo put in thc' second place, say 
many of these aspirants for success. 
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In one thing tliey never fail, and that 
is in keeping rigidly to the hour of de- 
parture from tlie ol‘li('(‘. Kor do they err 
at th(i other end of the day and start 
work ten minutc^s txfore the liour lor 
beginning. They arc like ('haii(S J.amb, 
who, when lie was i t‘primanded bv Ins 
rhief at the India Mouse with the words. 
“ Mr. Lamb, you always eome late/' 
replit'd, Yes, sir, but f always go early." 

If there is an unusual rusli, unless it is 
tajinpulsory lor the rltaks and others to 
rtanain and linisli tlui work, very few 
would dr(‘am of staying. iniKdi less tliink 
of putting ofl an engagi'inent in order 
that the wt)rk ol 1h(‘ir emj)lnyeis should 
be pro]>('rl\’ ( omph'ted. I'.\'en thostt w’ho 
take, a hig!: moral or K'ligioiis stand are 
oft(‘n as repi (‘h(Misil)I(‘ as thoso wOio profess 
to li\(' only lor their own pleasure'. And 
\et sur(‘l\- the truest r(‘ligion, apart Irom 
any (iue-.tion of sn^ eess tliat may result 
lro)n liard work, is to gi\'(‘ the v(‘rv 
be^t of oiu‘'^ time and talents to the. 
M'l viee of tlu' linn wliieli ])rovi(]es one’s 
liv(‘lihood. 

It is Ixe.uisi; the young men (if t(>d«iy 
aic alraid of woi k that IIk'V are. not 
su('('(‘eding lik(“ tlios(‘ who liaA'e already 
(ome. to tile front. I h<‘re nev(‘r was a 
time when employ^'is were hkjic on th** 
look-out for good men to ])ut in position - 
of responsibility and ju’olil. ])ut suc h men 
are diriienlt to tiiid. 1 lu’ man who works 
liard today lias a s])l(‘ndi(l o]i])ortunit \', 
but thousands fail Ix'c’au-^e I lu.w aix* not 
pic-parc’cl in an cauergeia x eheeiiully to 
do a little (‘.\tra ; other interest^ erow’d 
out those ol biisiueS'-. 

Onlv the oth( I day a \oung man was 
< omplaining that la' wa-^ not getting on 
last ('iiongh, and wJieii, a eouple of da\s 
later, his <'hic‘f asked him to sl.a\' for live 
minutes in order to type jus( oik; letter 
so that it might eateli IIk' post that 
(Wening, he showed unmistakably that h(‘ 
wa'. annoy(‘d. altliough he had not tin.', 
('outage* to say Ik' dicl not wish to stay. 
I'hat kind (»f (ondne't is mota* inilating jo 
an el^J)]o^•ir Hkim a dowairighl refusal. 
Ami yi t llie man in (| iie.-tion is a good 
w ()rk(M . ami has I Ik* })i >ssil)iliti(‘s »»f success 
lying dortnant willtin Itiniself. Me can 
do well, he ('ould ck) hc'ttca', but he fails 
bec'iinsc lu* is not pn'i^ared i heerfully to do 
a little (*\tra work in aii emcrgc'ucv. 
So he will jog along on a small salary, 
prol)abl\'. all lii^ days, and may reall\- be 
written down a- one ol life’s failures. ' 
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He is firmly convinced that when he 
lias put ill his eight hours of attendance 
at the otfice lus employer has no further 
claim upon his services. He ([uite over- 
looks the fact that ho often stc'als ten 
minute's of his employer's time, at the 
lunch(.*on iiifc'rv'Lil, tliat lie gets certain 
additional advantages not specitied in his 
bond holii^lays on a full salary, a bonus 
at ( hristmas, and so on * all of which are 
1 ‘Xtras due. to the geiierc^sity ol the ein- 
])loyer ; and these he has coitus to look 
upon as his right. The man has good 
})oinls, but as he fails to be a hard w’orker 
lie will neViM' lx* a real succ('ss. 

W(‘ lu'ar a grc'at di*al about swc'atiug 
and spi'C'ding-up, but lh(? men who 
w'ork hiirdest in ol'licc*^ and business 
houses are not the ordinary nu'mbers 
of th(i stat'l, but the lieads (»f (li‘partments. 
1'he work of th(*M‘ jm‘U is never done. 
Tht'V usually stait earlier and (*ml later 
than their suliordinatc's, and then when 
they l('a\'e the ()irK'(‘ ilu'y havenot linisht'd, 
tor they take work h(.)mc ; and it is by 
this ('onstant and ]X'rsistent devotion to 
the w’ork in whii h 1h(‘y arc^ engagc'd liiat 
tlu-y ha\e a<'hit‘\ ('d tiu'ir success. 

Much is said ami written about the* 
digiiily of lal^oiM', ])ut it is onlv tlu^ 
man who lake's a real iiitc'ri'st in liis work 
who fcs'ls the dignity ot it. So many men 
"(•(‘111 ashamed of work — ami this c(|ually 
a[)plies to women — and yet life* .shows 
that the mTlest pc'ople ha\e ahvays Ix'c'u 

the hardc'st workers. 

W’e read in Homer," says one writer, 
'%)! princesses theinsc'lves drawing water 
Irom springs, and washing with theii own 
hands tlu linen ol their rcspe-ctivc fainilic'S. 
Here the sisters of Alexandc'r- that is, 
th(.i (laughtc'rs of a ]xnverhil piince — an* 
employed in making clothes lor tludr 
brother. Tlie celebrated Lucretia used to 
spin in tlie midst of li(‘r female attendants. 
.\ugustus, w’lio w'as sovereign of the 
world, w^ore for several N'ears together no 
other clothes but what his wife and sister 
madi'. him. It was a cnst(.nn in the northern 
parts of the world lor the princes wiio 
then sat upon the throne to projxire 
several of the dishes at every mcxil." 

It is astonishing how hard work can 
give a /est to all a man’s life. Professor 
Max •Miiller once wrote to a Iriond : 
" Work is lilc to me, and when I am no 
longer able to \v(_)rk life will be a heavy 
burden. How many of the young men 
of today feel like that ? It was tlie same 
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distinguished man who, realising that 
work is the real secret of success, seiid : 

To delight in doing one’s work in life — 
that is what helps one on.” 

This question of hard work is one with 
which every man sliould concern himself 
from youth upwards, for sf)oner or later 
he will have to work hard, whelher lie 
likes it or not. Jf he works luard in Ihs 
young dtiys, and, as a r(“^nlt, attains 
success, he will probably be able to slow 
down and Jiave an easier tina^ when age 
creeps upon him and he is less fitted for 
strenuous exertion. On the otlier hand, 
if he is lazy in liis youth, and, on account 
of his laziness, fails to obtain that sneeess 


The expression ” self-made,” used of so 
many of the successful men of tlie world, 
is an excellent one; for, after all, it is 
true that a man makes his own career. 
He makes or mars himsc^lf, and success 
depends not so rnueh upon outside ‘ 
()])portnnity, although tliat may come 
to every man. but upon a man’s fitness 
to take it lio\V(‘Ver it eom(*s. I^Iany a 
youth who has frit tercel awa^' his evenings 
has had caiiM' to regv('t the fact when "a 
position has Inrome^ vae'ant and he has 
lieen unalile. through incom})eteiicy to 
till it. ffe has failed when he had the time 
to learii shorthand or bookk^'cping, or 
some other nsefui subject. He has, in 
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_that ee:»mes most readil}’ tlirongh industry, 
tlieii when , he gets on in years, and has 
frdled to attain to a position of piT^fit and 
responsiluiity, lie will find tlial in order 
to earn a bare subsisteiie'e he will have 
to work harder and hardcM*. This is the 
ironv ot the whole biisine^.s, and slionld 
act as an incentive to every inte^lligent 
young man as he studies (lie life that 
lies before him. 

Directly he' leave's seliool he shouhl 
be'gin to be an energetic worker. His 
education is far from coinjih'te, even 
though he have carried off all the prizes 
from his fellow-scholars. A man can 
never know too mucli, and by study 
a young man can in his spare time go 
on fitting himself for the position that may 
be offered to him when he is efficient. 


fact, Jaili'd to be a hard worker, and he is 
passed by whesi lie might ha\'e be'c^ii 
promote*d had he‘ possessed tlie cjualifica- 
tions which nothing but his own laziiu'ss 
has de'prived him of. 

Du- whole matter has l)e?en [)ut very 
tellingly, it somewhat crudely, by an 
.\merican write i'. “ Hoys are e*onstant!y 

writing me,” he says, “ for advice abe3ut 
liow' to sui'ceed, and, when I send them 
my ireajH', the'V say that 1 am dealing 
out e'oinmoiiplaev generalities. Of rourse 
I am, but lliat’s what the recipe calls 
lor ; and if a boy w ill take these eommon- 
plaee generalities and knead them into 
liis job, the mixture’ll be cake. Once a 
fellow’s got the^ primary business virtues 
cemented into his character, he's >ak* lo 
build on.” CHARLES KAV 
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Russia’s Inland Sea Coast, Flat Surface, and Large River Basins. 

Climate. Zones of Vegetation. Industries. Baltic Lands and Poland. 

RUSSIA IN EUROPE 


Boundaries. European Russia (2 J 00.000 
sq. miles) stretcrhos eastwjirds from an artificially 
(letermincd lan<l frontier with Norway, S\yeden, 
(lermany, Austria-Hungary, and Rumania, to 
the contines of Asia. Its northern shores are 
washed by (he Arctic Ocean and its gulf, the 
White Sea, on which ivS x\rchaugcl, long the only 
Russian port, closf’d by ice for half the year. 
On the Baltic Sea, in the nortli-west, are the 
ports of St. iVtersburg, Revel, Lihau, and Riga, 
of which only Inh.vn is always oi^en. Tn the 
south the Black Sea, witli Odessa as its chief 
port, eom!nunien.tes with (he JMeditcuTancan, an 
advafitage iessi'nid by the fact that Constanti- 
nople eofnmands th(^ only exit and ( ntranee. 
The land-loektxl Caspian facilitates communica- 
tion and trade with Persia on the southern shore 
and with tho Russian dominions in Central 
Asia. 

A Surface Nearly Level. Russia has no 
striking contrasts of highland and lowland. Tt 
is an undulating plain, gfuierally over HOO hxd 
above sea levt'l, crossed by a broad belt of 
higher ground which rises in tho Valdai Hills to 
1,100 feet, and forms the divide betw'eeii the 
rivers flowing to the Arctic and those flowing to 
tho Baltic, Black, and (Caspian Seas. Tlio Urals, 
wln\‘h form part of the boundary between 
Eiiropt? and Asia, ootisist in the south of parallel 
ridges rising to 4,500 ft., but are less definite in 
the north, where, in spite of an elevation of 
5,000 ft., they may bo regai’ded as a continuation 
of tho central belt of elevation. They are extra- 
ordinarily rich in minerals, including iron, and 
the forests supply all the tiraher nei'dcd for 
smelting it, as w(4l as an iinmens(5 surplus for 
(»xport. This is made up into huge ivifts, Avliich are 
floated down tlu? Kama and its tributaries to the. 
Volga. The Caucasus, which forms the frontier 
of Europe between tlui Iflaek and (V..sfu'aii Se.as, 
rises in Elbruz to 18,000 ft., and contains many 
extinct volcanoes. The scenery rival.'^ that of the 
Alps in beauty, glacier and snow- peak rising 
above tho beech forests and pastures which 
clothe the lower slopi'S. 

Russia's Big Waterways. TIk^ rivers of 
Russia, though they diverge to widely distant 
seas, rise near each other at tho same level, 
and of?jen in the same vast marslics. Flow^ing 
across a region with no strongly marked natural 
filatures, their courses often approaeli each 
other, so that it is easy to traverse the country 
Irom end to end by watiu*, the boats being 
carried for a short distance across the low, 
marshy land which separates one river from 
allot lier. ('anals connect tho various rivers, so 
that there is a continuous watcrw’ay, for 
example, between St, Petersburg on tho Baltic 
and Astrakhan on the Caspian. 


Look out on the map the sources of the North 
Dvina, flowing to the Arctic ; the Volga, flowing 
first east and then south, round the base of low 
heights, and across sunken phtins to the Caspian, 
which lies helow^ sea-level ;^the Western Dvina, 
flowing w'ost to the Culf of Finland ; and the 
Dnieper, which flow's south to the Black Sea, and 
helps to drain the great Pripet swamp, the rest 
of whose w aters are carried to the Baltic by the 
Vistula. Between the Vistula and tho Western 
Dvina is the Nieineii, Avhose chief tributary rises 
only a few miles from a tributary of tho Dnieper. 
AH these riveu's arc near (‘ach other either at 
their sources or in other parts of their eonrso. 
The country b(^lween tho Dnieper and the Volga 
is drained to the Sea of Azov by tho Don and 
its tribulary, the Done.tz. Notice the close re- 
Hcmblariee between the low'or courses of (ho 
Dnieper, Don, and Domflz, and how this eastern 
trend brings tlu? Don within 40 miles of the 
Volga, rendering coiiimnnieation betw'eon tho 
Cas])ian anti Black Seas easy and cheap. Tho 
other rivers to note art< those from the Urals, 
tho Pechora, flowing north to the Arctic, and the 
l>al. soutJi to the Caspian, forming part of tho 
boundary of Europe. 

Climate. In Russia we liavc a typical 
eoiilinental climate, dry and extreme, especially 
in the east. Tin* rainfall of Russia is everyw'hero 
scanty, exetqit in the Western Cauea.sus, and 
the districts round tho (^ispian are almost 
rainless. J..ook biwk at the climate maps of 
Europe. The great southern sweep of tho 
wint(n‘ isotherms means that everyw'hero th(^ 
winter is long and severe. A hundreVl years ago 
Russia utterly defc'ated the great Napoleon by 
(lie aid of two invincible generals, (^ener«al 
January and General February. H’hore are no 
liigh hills to break the winter gales w'hieh sweej) 
across (lie country w'ith iriesistihle force, making 
the wuriters of such neighbouring countries as 
Rumania much more sevtTo than if mountains 
intervened. iSnow covers the whole country for 
many wx‘eks, and t he frosts become more intense 
and protracted as wt go east. The rivers are 
frozen for six montlis in tlie north, three or four 
in the centre, ami for eiglit or ten w'eeks in the 
south. At Astrakhan, in the latitude of Lyons, 
tho ice lasts 90 days; w'hilc at Warsaw% on the 
Vistula, which, though much further north, is 
also further west, it lasts only 77. 

The Coming of Spring. After this long 
w inter, spi ing comes and goes in a flash. “ Tlio 
sound of many waters is heard everyw'licre as tho 
melting snow flow's down to the low'-lying fields, 
converting miles of country into a shallow lake, 
in which the farms and villages built on a little 
higher ground seem an archipelago of islands. 
I* or ten days or a fortnight all communication 
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INDUSTRIAL 3VIAP OF RUSSIA IN FUROPK 


ceases with the outer workt” Ahiiost imme- 
diately it is the height of summer. “ A few days 
after the frost has disappeared the trees are all 
in leaf. Within the space of a few yards I have 
often seen the ground a blaze of" flowers and 
butterflies and dragonflies skimming over heaps 
of snow that t he fierce rays of the sun have not 
had time to melt.” The summer is hotter in the 
south than in the north, and in the east than the 
west. So precious is the summer that many 
peasants, ail of whom cultivate a fraction of the 
soil, hasten from the factories where they have 
spent the winter, to sow and reap from dawn to 


dusk, returning to the mills when the leaves begin 
to fall and the night frosts tell of returning 
winter. The hard -earned gains of the summer 
often provide for a life of idleness in the winter, 
when the peasant passes his time lying on the 
peck or .stove in his house, the monotony of this 
occupation being broken now and then by the ad- 
vent of some wandering minstrel, reciting legends 
of the country. The agricultural machinery is 
largely imported from England and America. 

Zones of Vegetation. Russia extends 
across the %vhole breadth of Europe, and has all 
those zones of vegetation which w^o have so far 
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seen only separately. In the north is the tundra, 
but on a vaster scale than in Norway or Sweden. 
Across a desolate, treeless, marshy plain, buried 
half the year in snow, the rivers creep to the 
Arctic. Fishing in river and sea is important in 
summer, and in winter timber is cut, and fur 
animals are hunted in the forest to the south. 
The preparation of timber, tar, pitch, furs and 
tallow from the forests, and of train oil from the 
Arctic fisheries are the chief occupations. Arch- 
angel, the port of the tundra, trades in all these. 

The coniferous forests of Sweden and the 
deciduous forests of Central Europe are found in 
Russia on a magnificent scale. Villages and towns 
are built in the cle<aririgs, and all around lies 
the boundless forest, with the river as its most 
practicable highway. 

South of the forest b(;lt are the agriculturfil 
lands, passing into rich steppes like those of 
Hungary and Rumania, but infinitely greater 
in extent. On the margin, the landscape is 
broken by small woods, but the true steppe i.s 
treeless, and grass or ploughed lands extend 
to the horizon. Much of the steppe is covered 
with rich black earth of inexhaustible fertility. 
Its beauty and, fascination for the steppe 
dwellers have already been described. 

Finally, beyond tlu^ steppes conies what is 
not found elsewhere in Europe, the beginning 
of the desert in the dry, salt plains round the 
Caspian. This region is as thinly peopled tvs 
the tundra, and offers as little to its inhabitants. 

Occupations. The uniformity of the 
surface h.as its counterpart in the lives of the 
people, among whom we find little of that 
diversity which marks Western Europe. T'ho 
occupations of the tundra dejicnd on the fisheries 
and the forest. In the forest regions the forest 
industries are carried on, with agriculture in 
the clearings. Agriculture is all important 
south of the forest zone during the summer, 
and the cultivated steppes form one of the 
granaries of the world. In winter those peasants 
who remain in their villages carry on many 
industries, often of a highly-skilled character, 
supplying all peasant and many middle-class 
requirements. For this, among other reasons, 
large industrial towns are confined to the coal- 
field. These are found in (Central Russia, 
round Moscow and Tula, the Sheffield of Russia, 
in the Donetz basin, and in Poland. The cliief 
manufactures are distilling and brewing, cotton 
manufacture, sugar refining, tanning and flour 
milling. 

The Baltic Lands. Around the Baltic 
lies a region of pine- woods and innumerable 
lakes, large, like Ladoga (7,000 sq. miles) and 
Onega (.*1,800 sq. miles), or quite small. Lying 
north of Ltidoga and the Gulf of Finland is 
the grand duchy of Finland, with thousands of 
lakes. It is inhabited by a people whose in- 
telligence, love of liberty, and prosperity, in 
spite of difficult natural conditions, recall the 
Swiss. The capital is Helsingfors, a handsome 
city opposite Revel. The latter is one of the 
ports of the Hussi«.n Baltic provinces, also a 
region of lakes and forests, with flax, hemp 
and hardier cereals in the clearings. Those 
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Baltic provinces are not Russian in blood, 
and to Russianise them St. Petersburg w.as 
built among the desolate swamps at the 
mouth of the Neva, the foundations being 
laid on piles. The Neva is frozen for nearly 
five months in the year. The city is handsomely 
built on both banks of the river, and is 
made picturesque by the coloured and gild(*d 
clustered domes of the cathedral of 8t. Isaac 
and of many churches. Kronstadt, at the head 
of the Gulf of Finland, strongly fortified, is the 
station of the Russian Navy, and an outport 
for the capital. 

Poland. Poland, also non-Russian both in 
blood and sympathies, resembles the Baltic 
provinces in the north, but rises in the south 
to a densely-forested plateau, intersected by 
deep ravines. Agriculture and cattle breeding 
jvre important, and the forests supply timber, 
which is floated down the Vistula in great 
rafts. Coal and other minerals are abundant 
in the south, where industries are growing 
rapidly. Lodz, with a large proportion of 
Germans and Jews, has hundreds of cotton- 
mills, woollen factories, steam flour-mills, brew- 
eries, machine shops, etc. Warsaw, on the 
Vistula, the old capital, carries on many in- 
dustries, and with its coiniuand of routes in 
all directions is bound to become one of tlu^ 
most important cities in Europt^ 

The Dnieper Basin. This lies partly 
in the unproductive zone of C'cntral Russia, 
partly in the rich Black Earth belt. The sugar 
beet is grown round Kief, the chief city of the 
Dniei)©r, with sugar refineries, tanneries, woollem 
manufactures, and flour-mills, all manufacturing 
the products of the Dnieper basin. Kherson 
is the port. West of the Dnieper are Nikolaicf, 
on the Bug, with similar manufac^tures, and 
()de.ssa, the commercial metropolis of the 
n'gion, built on the high edge of the steppe 
above the Black Sea, and doing an enormous 
trade in the produce of the Black Earth region. 
Be.s.sarabia in the sonth-west much resembles 
Rumania, and ha.s many vineyards. 

The Don Basin. The basin of the Don 
and its tributary Donetz lies chiefly in the 
steppe region. Kharkof is the centre of the 
industrial region on the Donetz coalfield, 
wliich draws its raw materials from the steppes. 
The traffic in goods carried by the Don to 
Rostof and Taganrog, the ports of the Sea of 
Azof, is very great, including petroleum and 
other products of the Caspian, and timber from 
the Urals, which reach it by way of the Volga. 
The Crimea, united to the mainland by the 
narrow isthmus of Porekop, is a steppe land 
in the north, with a very extreme climate. In 
the south it rises to the Yaila Mountains (5,000 
ft.), the southern valleys of which have the 
Mediterranean climate, and produce good wine. 

The Volga Basin. The Volga, the largest 
river of Europe, 2,300 miles long, drains 
with its tributaries a region as large as the 
British Isles, France and Germany. It rises 
in marshes in the Valdai hills, and is navigable 
from Tver, where it leaves the hills. Nizhnyi 
Novgorod, the scone of an enormous annual 
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fair, where the products of east and west are po>ver. Steam flour- milling is also important, 
exchanged, is built where the Oka conies in on The chief towns are Samara, on the left bank, 
the right bank, having flowed, like the main? and Saratov and Tsarits'in, on the right. At the 
stream, through a densely forested region, latter town, from which a short railway goes to 
On a tributary of the Oka is Moscow, the real the Don, the river is already 60 ft. below’ the sou - 
centre of Russia, with its picturesque Kremlin level. A large branch, the Akhtuba, flows paral- 
Hill, crowned with palaces and churches. Farther Icl to the main stream, communicating with it 
south are the industrial centres of Tula and Orel, across marshy land by many channels. The delta 
on the central coalfield. Below the confluence begins 40 milos above Astrakhan, and is crossed 
of the Oka the Volga flows between a high right by 200 distributarie-s. The valuable sturgeon 
and a low left bank*. Kazan, the former Tartar and seal fisheries of lhf3 Lower Volga and Caspian 
capital, is on the river only in times of Hood. Its employ thousands of men. Caviar, a delicacy 



THE CATHEDKAL OF ST. BASIL, MOSCOW 


industries are characteristic of the steppe towns, made from sturgeoji roe, is largely exported from 

including tallow, soap, and candle works, and Astrakhan. The chief occupation of the Caspian 

tanneries, utilising the produce of the vast herds steppes, aw ay from the river, is cattle keeping, 

of the steppe lands, also flour and starch mills, carried on by norniwlic tribes, who live in tents 

supplied by the agricultural steppes. The and follow’ their flocks and herds from pasture to 

Kama, the chief tributary on the left bank, pasture. Only along the river- banks and in the 

flows through the mining region of the forested della is there a settled population. Astrakhan is 

Urals, and brings down the produce of Siberia, the Caspian port of the Volga; and an excellent 

includingimmonsequantitiesof grain and timber, system of canals in north-west Russia has 

as w’ell as tea from the Far East. The lower converted Si. Petersburg into its Baltic port, 

course of the Volga is through the wheat land thus giving this immense but remote region an 

of the steppe. Windmills for grinding flour are outlet to the markets of Central Europe, 

cvciy where, the countiy being too flat for water- A. J. A>fi> F. D. HERBERTSON 
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6R0UP 3-ARTS & CRAFTS • THE 6L0RI0US WORK OF MEN’S HANDS-CHAPTER 17 


Choice of Work. How to ** Block In.** The Power of Line. 

Aids to the Artist’s Career. Drawing from Life, The Human Form. 

DRAWING & THE HUMAN FORM 


The Artlat'a Choice of a Career. 

The student on the thresliold of an artistic- 
career should be very decided as to what 
branch of art he ‘intends to mast€T. If all his 
joy be in colour, he should give his strength to 
so mastering colour that it shall express the. 
mood of the thing he wishes to create ; and he 
should at the same time remember that there an- 
other ways of painting, often vastly more lucra- 
tive, than the mere making of e.isel pictures. 
He should look to the career which will give him 
the greatest scope? for his powers and the largest 
outlet for employment — such as the decoration of 
the walls of houses. Then, again, the illustrating 
of books and papera creatt'd some of the noblest 
art of the last iifty years. This held is to-day 
seriously damaged by the widespre-ad use of 
photography ; but photography can never com- 
pete with the creative artist in invention, and 
for the man of ideas there is still scope <?ven in 
illustration, though tin? field is very limited. 
There is, on the other hand, wide s<-ope for the 
employment of his art in advertisement such as 
the designing of the picture poster. 

If, however, his joy be form, and he decide to 
be a sculptor, the same advice applies to him, for 
whilst his chances in selling the imaginative? 
piece must always be limited, there is wide scope 
for him in the modelling of beautiful articles for 
everyday use and in creating decorative sculpture 
for buildings. In short, let nothing be too large? 
or too small for the exercise of the artist’s gifts — 
the more he docs, the more facile will bwome 
his hand’s skill in creation. There was never 
such a crying need for the beautifying of life by 
making every utensil and adornment in the 
home and in the street a joy to the eye. 

What He Must Teach Himself. 
Having decided, then, on the firovincc of art 
which he will make his own, the student is at 
oTieo brouglit face to fac.i? with the serious 
question of training and pupilage. It is evident 
that the student will Imve to go through a 
certain amount of schooling in order to learn 
modelling in clay if he desire to become a 
i^eulptor, or the handling of paint if he wish to 
become a painter ; but it is astounding how 
much he cun learn even of these things in a short 
time, if he will first of all teach himself what he 
can alone learn by his ow-ii apj)liea1ion and 
taste — to di-rW. St/ino men have risen to fame 
without more .schooling in the arts than they 
could get from their own industry and the 
fellowship of other students. But wdu'thcr a 
man bo blessed with, the inestimable advantages 
of se<?ing the great masters at work, or, better 
still, of working in their studios as puj)il ; or 
wdiother he may have to discover the criiftsniau- 


ship of his art step by stt?p for himself, there is 
oni3 thing aimve all others that he must teach 
himself, and tViat is to draw with ease anything 
that may come his way, so that drawing becomes 
a habit. Drawing is to the artist what words 
arc. to him who would speak avcU ; and just as a 
thorough grasp of Kngli.sli enables a man to 
sjs.‘ak it without any conscious effort, so a 
thorougli mastery of detail should enable th<* 
artist to draw with .such facility that his mind 
is not harassed by any «.»£ the count le-ss 
difficulties vhich lK?wilder the student at tlu' 
beginning. 

.The Habit of Drawing. This habit of 
drawing, which is at the base of everything that 
an artist does, which is in fact lK?nc?ath every 
brushful of paint before that jmint can bo placed 
exactly where he wishes to place it, which is 
beneath the stroke of the chisid before the chisel 
can be made to yi<‘ld form — this habit of draw'ing 
is the base and foimdatirm of everything tlu* 
artist does oi may ever hope to do . And this art 
of drawing he tnusl teach himself y whether he go 
to an art -school or become the pupil of a master, 
and by liis own fxjwcrs and gifts alone can he 
acciuire it. He cannot l)cgin too soon, for lie 
must go through an ugly, hard, rigid stage of 
striving before the secret comes to him — nothing 
is too humble for him to draw. One day mastery 
may burst U])on him almost as by magic, and he 
will find his hand drawing any form he desires 
to express, just as, in learning to read, his eye 
takes in the word without spelling it. 

It is cleai, therefore, that it is a wa.ste of 
time to entei a class of painting before the hand 
can obey the? will in its desire to express the 
form of things ; let us thert^fore ])roceed to 
show the wav along the road to art by showing 
w'hat the sturient must teach himself ; and when 
he is tit to take advantage of tiie .scliools we will 
Iea*:l him thither and thi-ough. 

Drawing from Memory. Besides draw- 
ing direct from natun? tJii‘ student should 
pra^'tise from the outset menK>ry drawing. He 
.should try to reeurd with his jx^neil what 
his eye has ol)served in stn-et or field. And 
if Ik? fail, let him go out and look again, 
and then correct hi.s drawing until he is 
.satisfied with the result. He. will find this 
esptx-ially useful for the expression of .movement, 
and his eye w ill soon acquire the custom , of 
ri?taining each suc■e(^ssive stage of rapid motion. 
This is the method of training followed by the 
ifapanese, and in it lies the secret of the charm 
of Japan<“se .irl, whi(?h expresses with bold sim- 
plification the salient ])oints w'bich the eye can 
take in at a quick glance, omitting tlu? detail 
whi<*li can only be? observe<i in complete repose. 


DRAWING, PAINTING, SCULPTURE, ARCHITECTURE, PHOTOGRAPHY, APPLIED ARTS 
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How to •• Block In.” Tho studpt’s fu-st 
step, then, is to use drawing as a habit. Now, 
the tendency of the beginner, when ho stanis 
to draw an object, is to begin with details, 
which is disastrous. Ho should first of all 
“ block ’* in the mass, as it is called, then 
“ block ” in the mass of the detail, and then get 
the accurate forms. For instance, in sketching 
tho human figure, first roughly sketch the main 
proportions so as to get tho swing and action 
and general relations of tho parts one to the 
other, to obtain the right proportions ; then 
roughly sketch tho general form of the details 
of the*^ head and limbs ; then with telling lines 
got tho true form of the features and the 
wondrously beautiful lines of the limbs, so that, 
when even tlic outlines of the figure are drawn, 
they seem to hold tlu^ forms and state their 
character and suggest tho underlying flesh. 



i..„. 

A rOItTRAIT Ur J10J.BI2IN 

It is a good tiling — indeed, it is tho best 
master in the wide world — to collect prints 
and cut out of old magazines good drawings by 
well-known artists, and to copy them not 
only the work of one man, but tho work of many, 
so as to learn to say with line what they could 
say. The choice of the masters will depend 
upon tlu? taste of the student, but the chalk 
portrait-heads of Holbein, tho many sketches 
in chalk by Lord Leighton, and tho clear, firm 
<lrawings of such popular draughtsmen as Phil 
M§^y» Uandolph Caldecott, and tho like arc 
invaluable guides to drawing, whilst Sir hldward 
Poynter issued a series of drawing-books for 
students of the antique which are good training 
in chaste, clear line of the beauty of form to bo 
learnt from the great Greek sculptors. It is 
capital practice, too, to get photographs of 
well-known people and of beautiful women, 
and to sketch them in line, always remembering 
to “ block in ” the whole head first, then to 
213S 


draw the details in their true relation to each 
other afterwards. Indeed, the very collecting of 
good examples of drawing will train the eye far 
bettor than all the directions that could be given. 

Detail. The rough lines to block out’* 
tho object are, needless to say, only to give a 
rough idea of where the real form will come ; 
but when the details are drawn, then every line 
should be so true that tho very object scorns 
to be enclosed within them. In the first rough 
sketch of the general form and swing of the 
figure, for instance, w-e are only socking to get 
proportion and the general idea of the ground 
to be covered. But the drawing of tho detail 
that will then be set within this rough sketch 
cannot bo too true or too beautiful in its effect 
upon the cye‘. 

Exactly the same advice applies to a land- 
scape. Rough-sketch tho relation of things 
as a whole, roughly showing where the masses 
of dark and light will come, and tho general 
lines. Then sketch in tho details, whieh will 
“hot now get out of plaet^ 

It used to be th(‘. habit in tho art schools 
to set a pupil to draw a Greek statue, and 
laboriously S]>end weeks and months in stippling 
and cross-hat(^liing the light and shade of 
every detail of it, but this is a pitiful waste of 
power which should be applied to tho acquiring 
of ease, deftness, and swiftn(‘ss in setting down 
lh(^ form of things. And oven if a student bo 
attending an art school, all his work there will 
bo empty of r(‘snlt if ho is not constantly drawing 
as swiftly and W(‘U as ho possibly can every 
object that sees about him. Then, when tho 
clay conies that ho awakes to find drawing a 
habit, he will not only bo able to paint without 
being harassed with the difficulty of drawing, 
but he will be able to concjcuiirato all his powers 
upon getting the colour true. Many a boy has 
come to hate literature because he was compelled 
to learn Shakespc'aro before ho could under- 
stand him ; in the same way art is choked out 
of many a lad by f he boring and tedious otfort 
to draw objects like old statuary until he hates 
every detail of the beautiful object. 

Everything holds a character of its own, and 
that character can be. given by drawing. It 
used, for instance, to be a stupid axiom amongst 
artists that trousers were without any character 
but that of stove-pipes, but men like Phil May 
came and proved that the lines and forms of 
trousers contained an astounding amount of 
character, whether they were tlio ragged wear 
of beggars, tho dandified grotesqueness of 
costermongers, or the inherited breeches of 
street-boys. Boots hold a rare amount of tho 
character of tho feet they cover, character which 
they betray to the man with eyes sufficiently 
inquisitive to seek them out and draw them. 

Line. Now as regards the line. The student ^ 
should draw with tho line as the musician uses 
a note of music on a violin — making tho lino 
swing out or thin doA^Ti as it suits tho form he 
would draw. It is an education to look at one 
of Holbein’s chalk portraits to see how the line 
caresses the form of the brow, and seems to 
disappear over the curved edge, to start again 
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and swocp over the cheek-bone. The line aa it 
forma the noao seems to search out every aubtio 
curve and form, until it disappears into the liesh 
under the nostril. Then, again, take a pen- 
drawing by Aubrey Beardsley- see how inuaieal 
is the sense it gives. When the lino with its 
simple curve sweeps round the edge of the head, 
neck, and’slioulders of some beautiful woman, it 
aeems to be made of delicate flesh. It suddenly 
breaks into a series of dots that seem to be 
made of very muslin, tracing the delicate folds 
of gossamer draperies ; then tlie line takes a 
stronger note and sweeps out the form of the 
silken gown, rippling along to make the flounces, 
and criss-crossing net-wise to state the net-like 
quality of some traiisjiarent veil. There is 
scarcely any master who could do more wilh the 
sheer beauty of his line than Beardsley, whosci 
work is easily within the reach of any student. 
There are lessons inmim<‘rable in Randolplj 
Oaldet^ott’s -nursery books, not only of how lim^ 
pro]:)(‘rly and fitly haiulled can apeak to the ey<*, 
but also in the great beauty of colouring 
achieved by simph*, broad washes of water- 
colour — an excellent practice which greatly 
<mha rices the value of a ])eneil -drawing, or of a 
drawing done with iiidelihk^ black ink, which 
may be bought from any artists’ colourman. 

He should try to get a copy of Ihe "Studio's” 
special numlxM* upon " ISUxlern Pen Drawing,” 
and Joseph PenneU’s most useful voluim* on 
])en-drawing, with its invaluabl<5 exami)h‘s by 
various artists, a book which is an education 
in its(‘lf, since it shows what wondrous beauty 
can 1 e produced by sheer liu<‘. 

it Mould be bett(‘r still for the student to 
collect a book of his favourite drawings, and so 
develot) his own taste. And there are innu- 
merable superb examples of the work of Kdwin 
Abbey, Howard Pyle, Dana (lil)son, and otliem 
in the American niagaziii<*s, which are better 
than much schooling. At foreign booksellers’ 
may he )3roeurod hir a few pence the Mm-k of 
Preiiehmen like tSteinleii, and of (icrnians 
and other foreign artists in papers like J aye ml 
and Simpliciaaimiia^ which are not only a joy 
to possess, but which are also a rare edu(;atiou 
in drawling. A very useful thing, until the 
student can afford th^ schools, is to get photo- 
graphs of horses, dogs, animals, or people, 
whether in magazines or otherwise, and try 
to draw them in freiJiand. 

Modelling. Also, from the begiiming, whilst 
the student is still giving all his stnmgth to the 
ii'fietery of drawing, he should try to sMcep in 
broadly the modelling of the masses, not going 
into tht‘ details as in the old academic methods, 
but still getting the larger values of light and 
shade true, alsi» the various values of edges - 
sharp or soft. Thus, when be acquires correet - 
ness in drawing, ho will bo able to model in 
the detail with Ciase. 

The Human Form. We now' come to 
drawing from the liuman form. A t^ortain 
amount of anatomy may lx? learnt from books 
oti this subject, but the best w^ay to learn 
it is to take the male liguro and the female, 
and to draw them into your knowiedge. Mere 


reading of books on anatomy is sheer w'asto 
of time. The chief muscles and the bones 
should be drawn, so as to give the hand the 
knowledge as w^ell as the head. The student will 
find tliat when he has drawn a lu^ad he is inclined, 
as he goes on drawing the figure, to lioiigat*' 
each part more and more out of all proportion 
to the head. Some students are inclined to do 
the opposite and shorten the proportions a 
very ugly fault. 

It is best, in drawing from life, to tick otF the 
proportions, so as not to let ihe pencil stray, 
as it is inclined to do, into elongation. 'l.Mie 
tigure roughly divides into two at ihe toii of 
the logs, and artists make the head the standard 
of measarement, alw'ays speaking of the figure 
or parts of the flguro as so many “ lieads.” 
The height of the head goes into the upright 



A CHALK STf'DY BY LORD LEIOHTON 
From a. i)liotomai)I> bf- F. Ilollyer 


iigure seven and a half limes (the Greek's made 
it eight, as w^e shall see). The first heaxl is. 
of course, to the (Jiin, the second head comes 
to Ihe nipples of the breasts, the third head to 
the navel, and she fourth head to the top of 
the legs. This is th(‘ half figure, or the whole 
of the head amt trunk. 

The fifth head oomes down the thigh so far 
as to allow the knee to come midw^av between 
it and the next head, the sixth, while the 
stfveiith head reaches to the ankle. The foot, 
then, is midway in the eighth head, as the knee 
was uikUvay in the sixth. 

A Permissible Exaggeration. The Greeks 
made the shin longer, so that the foot came tf> 
ihe eighth head, and the figure acquired an 
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ONK Oi!' RANDOLPH CALDECOTT’s ILLUSTRATIONS IN “JOHN (ULPIN ” 
Repruducud by perinisbion of Messrs. F. Warne & Company 


added grace .and dignity duo to the length twice the length of the nose, or twice the length 

from the knee to the heel. It is a very permissible from the nose to the chin. 

exaggeration, often employed with fine effect It is well constantly to draw the male and 
by men like Leighton. female figure from memory - back, front, and 

The length of the figure kept within check, side view -until tlu? proportions are so sot in the 

the student is not liable to go very far wrong memory as to bc^come fixed ; in fact, the student 

with its breadth, but it is well to have a rough should be able to draw them almost with his 

rule of thumb for the face and head also. The <‘yes shut. It is astonishing how accurate tlu^ 

face is halved across the eyes ; the nostrils brain beconu^s in holding these? facts when 

form the quarter line (or half the lower half). drilled to it, just as it holds pages of verse by 

The hair, roughly speaking, forms the upper training, stored away until called for. These 

quarter (or half of the upper half). The ears six forms, three of tlu? male and three of the 

should, in the full face, therefore, come between female figure, are enormously valuable to the 

the cross-line of the <?y<*s and ilu? cross-line of artist’s memory and hand, 

the nostrils. The width of the face is roughly P. G. KONODY 



AN EXAMPLE OP ME. HOWARD PYLE’S ILLUSTRATIONS 
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Structure of the Gar. Its Delicate Mechanism. 

Functions of the Tongue and the Nose. 

HEARING, TASTE. AND SMELL 


HEARING 

All are acquainted with the appoarani t* and 
shape of the external organ which we call the 
ear, but few know anything of the complicated 
structure. W(J may, in a sense, be said to have 
six ears, three on each side, for each organ is 
divided into outer, middle, and iuuer car. 

The Outer Ear. The outer ear consists 
of the ’pinnn, or ear jiroper, and the auditory 
canal leading to thti mid<Ue ear. In man it is 
of far less use as an organ of hcaiing than in 
the lower animals, partly from the feeble power 
we have of moving it. There arc, indeed, three 
muscles for the purpose, but they arc so weak 
and so little under the control of the will as 
to be of little use. The outer ear is, liowever, 
an ornaimuit when well shaped, and collects 
some of the waves of sound. 

The small knob at the upper and back part 
corresponds to the tip of the (^ar in animals, and 
in some men is almost a point. 

The Direction of Sound. ^I’lie bearing of 
the car can be improved and more .sound-wa\cs 
collc(;ted by placing the band bt*bind th(‘ car so 
as to enlaigi^ it. Perhaps the chief \ise of the 
outer ear, as its g<‘.iieral inclination is foi’W'ard, is 
to indicate the direction from which the sound 
})rocec*ds, as tliis is loudest wh(‘U the ear is at 
right angles to it. The knowledge of sound 
direction is, however, very impi^rfect in many, 
for if a person bo blindfolded it is almost im- 
possible for him to hidicate whenct^ any sound 
proceeds. In almost every detail of the sense of 
hearing we are. very delicieut compared with 
other animals. 

The Auditory Canal. The piiina leads 
into the nudilory canal, an inch long, lined 
with stiff hairs and a hitter wax, to prevtmt 
the intrusion of unwelcome inseets, and bounded 
at the end by tlie drumhetul, or tympanum. 
stretched across it at an angle of about forty- 
five degrees. This m-^mbrane is ilu? thiekiicss 
of a piece of foreign note-paper, which will 
explain how easily it is injured by a hairpin 
or j>eneil. It will also bo undei’stood that all 
ear-drops are completely useless for any disease 
that lies behind this membrane, beyond wliieh 
th»\v cannot penetrate. Jt is unevenly stretehed 
so as to tak(^ up vibrations of air from 30 a second 
to 4000. Thi^ head of a di’uni is evenly stretched, 
and can only take up one set of uir-w'avcs. 

The Middle Ear. Passing behind to the 
middle ear, we find it is half an inch high and 
onc-eightli of an inch broad, something the shape 
of a button on its end. It is lined cverywhoro 
with ciliated (wavy) epithelium, and is in direct 
communication with the air by the EufilacMau 
tube, two inches long, opening into the throat. 


Air is thus freily admitted in healtli to both 
sides of the car-drum, and in consequence it 
can vilirato freely. The failure of this Uirough 
the stopping up of the Eustachian tube is a 
great and common cause of deafness. By 
holding tln^ breath, and then swallowing, air can 
be forced up the Eustachian tube, causing a 
pressure that can be f(‘lt in these middhi cars. 

The outer wall of this chamber is, of course, 
formed by tlie drum, while in iho inner wall 
opposite arc seen two i<maUer drams stretched 
across two openings, th(i one being oval (Latin, 
Fenestra oralis) and the othiT round (Latin, 
Fenestra rotunda). 

The rifiated epithelium always waves in tle^ 
direction of the throat, so as to hinder impurilies 
from collecting in this chamber. 

Its Bones and Muscles. Stretehed across 
theear from the tym|)anmn to the oval inner drum 
is a curious chain of three bones, the ossicles. 
They arc ealh‘d respectively, from their sugges- 
tive shapes, the hammer, the anvil, and the 
stirrup-lnme. The hammer (Latin, mallem), slung 
from the roof, has its handle tightly bound down 
to the inner side of the tympanum, while the 
head rests on the head of the, next bone, the anvil 
(Latin, incus). This, also slung from the roof, 
is articulated by one of its feet with the head 
of a well-shaped bony stirrup (Latin, stapedius). 
which in its turn has its base or foot-plate 
aitaehed to the oval membrane on the internal 
wall. Tht^ purpose, if not tlie peculiar shapes, 
of these bones is suflicieiitly obvious. It is well 
known that all sounds are caused by vibrations, 
or waves, of air ; these waves are collected by 
the outer (*ar, ])ass up the auditory canal, and, 
striking on the tympanum, cause it to vibrate. 
The vibrations move the air in the middle ear in 
a similar way, causing vibrations that strike on 
the meiiihraiK^s of tliC! inner wall, so that some 
hearing is jmssihle without tlie ossicles at all. 
The exeessivo accuracy necessary, however, to 
secure the hearing of sjieech is secured by this 
apjmratus, every vibration being carried with 
absolute exa(4itud(' from the handle of the 
hammer, lixed against the tympanum by th(i 
plate of the stirru)), to tlie inner membrane. The 
speed of the vibrations is from lb for the lowest 
note to 40,000 per second for the highest. Two 
muscles, one the smallest in the body, regulate 
these vibrations by tigh timing the drums. Oiui 
of the two little muscles can both tighten the 
drum to a furtlun* pitch of acuteness in listening 
iiiti'iitly, or slacken it considerably if any loud 
sound is expecti'd that jnight rupture it. The 
outer muschi is fixed in the same wmy to the 
stirrup to regulate the inner membrane. 

The Inner Ear. In now proceeding to 
describe the internal ear [92], or real organ 
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SECTION THROUGH THE COCHLEA OF THE 


are Interpreted. In 


of hearing, the 'very simplest explanation will 
bo given, but at the same time the details are so 
complicated as to need close attention, and yet 
they are too important to>be omitted. 

Behind the oval drum or fenestra ovalis, to 
which the foot of the stirrup is fixed, is a small 
bony chamlxT called the vestibiite, filled with 
fluid and contain- 
ing a m(*mbraiious 
bag, also filled with 
fluid. This bag con- 
tains some of the 
naked axis cylinder 
(‘tidings of the audi- 
tory nerve, terminat- 
ing in tiny, bead- 
like heads, and in 
the bag are also a 
number of shar]} 
rrystah, which f being 
violently moved 
about during vibra- 
tions transmitted 
from the oval drum, 
probably strike 
those nor VO t*rids 
wit"h varying 
force. 

Where Sounds 

the vestibule by means of these crystals the 
intensity and distance of the sound is judgc^l 
before the waves pass on to the true inner ear 
to bo interpretc'd into notes or speech. The 
difTering intensity with which tlic^se parti(*los 
strike the naked nerves is supposed to tell 
whether the voice or music is loud or soft, 
-iirhether near or dis- 
tant, whether advanc- 
ing or ivccdiug, and 
so on. This V(‘stibiilc 
also contains five open- 
ings leading to the three 
semicircular canals (two 
of them having a com- 
mon o])cning), which 
are very (airious struc- 
tures, made of bone, 
and all opening into 
the vestibule, the first 
being verticjil to the 
position of the body, 
the second horizontal, 
and the third trans- 
nrse, so as to lie in the 
three directions of 
solidity — length, 
breadth and depth. 

Human Spirit- 
levels. The canals 
are also lined with mcrubranes filled with fluid, and 
arc supposed to act like spirit-levels ; they are coii- 
nect(Kl W'ith the ccTebclluni, or organ of equili- 
brium, so that it is informed at once in which 
canal the greatest pressure exists, according to 
the varying positions of the hctul, and can auto- 
inaticaliyTestore th() balance by muscular action. 
It has been found that in certain diseases, when 
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89-91. PAP1LLA3 FOR RASPING, TOUCHING, AND 
TASTING 

89 . FlUfonn, rasping; 90 , Fungiform, toiuliing; and 91 . 
(.’ircunivallate, tasting. 1, art«iy; 2, vein ; S, nerve; 
4, water-glanU; 5, inuselc; (5, taste-eiida at sides of trench. 


one of these canals has bepn injured, the body 
has the tendency to roll Over in a similar direction, 
cither forward, or sideways, or backwards. The 
canals arc also supposed to determine the 
position of the sound wo hear. 

Delicate Mechanism. Leaning against 
th(? internal wall of tlie vestibule and also against 

the round drum of 
the middle oar is 
.the broad end of 
what looks like a 
small periwinkle 
shell, the cochlea 
[88J, which, instead 
of having one spiral 
canal, has two, the 
one (the smla vesti- 
buli) opening into 
the vestibule, the 
other (the sHala 
iymjnini) ending at 
th(^ round opening 
in the middle ear. 
This double canal 
consists of two and 
a half turns, get- 
ting, of course, 
s m a 11 o r towards 
the top, where the two communicate by a 
minute hole. Both ar(^ entirely filled with a 
limpid saltish fluid. This double spiral is separ- 
ated by a fine membrane (the basilar membrane). 
The upper spiral of the scala vestibvH is sub- 
divided again by the membrane of Re Issuer, nmi 
tlic lower space is called the scala media. In this 
scala media is the orgaa of Corli, or the real 
apparatus for hearing. 
Resting on the inner 
and upper surface of 
the basilar membrane, 
and eon tinning round 
and round to the top, 
are a continuous row 
of little headed rods, 
like pianoforte ham- 
mers, all graduated in 
size, getting smaller 
and smaller as tliey 
ascend, about fiOOO in 
number 1.94J. Ojx the 
outer side of the mem- 
brane are arranged a 
corresponding number 
of hollow fads, into 
two of which throe of 
these little hammers 
accurately fit, there 
being therefore about 
45<X) of them, and it 
must clearly be remembered that every hammer 
and every pad is a living cell. These hammers 
and pads form a tiny spiral arch, decreasing in 
size all the way up. There are also two or 
three rows of stiff, brisile-liko cells along this 
canal, passing through holes like eyelet-holes in ^ 
the membrane above, in which they can fr^ly 
vibrate. ' 




THE WONDERFUL MECHANISM OF THE EAR 



93 . THE CHAMBERS AND BONES OP THE OUTER, MIDDLE, AND INNER EAR 



93 . DIAGRAM SHOWING HOW^ SOUND-WAVE PASSES THROUGH THE EAR TO THE AUDITORY NERVES 



94 . A SECTION OP THE COCHLEA, SHOWING THE UTTLB HEADED RODS AND HAIR-CELUS 
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How Sound is Transmitted. All 

this is supposed to bo an arrangement for 
receiving and interpreting in some way the 
vibrations in the fluid around received from the 
air-waves of sound by the two drums of the 
outer and middle ears, and transmitting them 
through the two divisions of the scala vostibuU 
up to the toj> of the s])iral, whence they return 



]U<)st of types of taste buds that appreciate the 

sweet, the acid, and the bitter are found in the areas marked. 

down the scala tympani to the round drum [93]. 
'J'herc are three theories as to how sotiiid is 
transmitted as vibrations to the auditory nerve. 
It is supposed that each hammer vibratos to a 
definite length of vibration, and thus interprets 
the sound. A second theory is that it is the stiff 
bristle nerves that are thus tuned to take up 
the vibrations ; but attention has lately been 
drawn to the structure of the basilar membrane 
itself, on which these both rest, and which is 
believed to consist of an infinite number of 
^tTings of different lengths, stretched side by 
side all the way up, and able, like violin strings, 
different vibrations ; and the third 
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theory is that this membrane is the true organ of 
hearing, the hammers, etc., resting on it serving 
merely to “ stop ** or deaden the strings. It is 
si ill a moot point as to whether the hammers, 
bristles, or membrane are the true organ of 
hearing. All three, however, are directly con- 
nected with the auditory nerves that run up 
the central pillar round which the spirals turn 
and transmit all vibrations to the auditory 
centre in the brain. 

Just as in the eye, if the centre of hearing in 
1 he brain be injured all the elaborate apparatus 
we have described is useless. The ear has been 
compared to a telephone, as both depend entirely 
in the same way on vibrations. 

Sound-waves Heard and not Heard* 

The waves of sound are waves in the air, very 
like waves at sea, varying from the lowest note we 
can hear, which are waves 64 ft. long, and 16 to 
the second, to the highest, which are weaves one- 
third of an inch long and 38,000 to the second, 
each octave higher having waves twdee as fast 
and half as long ns the fundamental note. There 
are })lenty of sounds too shrill for our ears to 
receive — the squeal of a bat, the chirp of a cricket', 
are thus often unheard by us. By the aid of a 
Cl niton’s wdiistle, notes can be produced too shrill 
for the human car, though they can bo easily 
heard by a horse or a dog. 

Noises and Notes. The difference betw een 
a noise and a musical sound or note is that in the 
latter the waves are regular and of uniform 
length ; in the former they are a mixture of 
different lengths. 

From this brief des(‘ription of hearing, it will 
l)e noted that the sound-waves are transmitted 
by throe media -solids, liquids, and gases. In 
the outer ear the waves are conducted partly 
by the air and partly by the (cartilages of the ear 
and the bones of the head. The chain of bones 
transmits them to the? inner ear, whence every 
vibration is taken up iinally by fluid which, 
striking in various ways on thec bare terminations 
of the auditory nerve, cause the perception of 
sound in the brain. 

TASTE 

Pimples on the Tongue. The tongue, 
the organ of taste, is covered with three varieties 
of papilhe or pimples. The tirst, called filiform 
ffapillce [89], are thread-like elevations that 
abound over the middle of the tongue. They 
are sharp, whitish, and pointed. In a cat 
they arc very hard, like small thorns or spines, 
while in the lion or tiger they are of terrible size, 
like row's of teeth, and capable of stripping 
the flesh off a bone with a single lick of the 
tongue. They are principally used in man for 
rasping the food against the furrowed roof of the 
hard palate. 

The second class of pimples on the tongue, 
called fungiform papillce [90], are mushrooin- 
liko elevations ; these arc scattered all over 
the tongue, and especially towards the front. 
They are round and very red, and the skin over 
them is very thin. They contain touch cor- 
puscles, and are really a delicate part of the 
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great sense of touch. They can at once discern 
the quality of what is in the mouth, and if it be 
too hot or cold. 

The third class of pimples are much larger, and 
form a striking object at the back of the tongue. 
These are the circumvallate jMpillai [91 and 95 J, or 
the “circular trench’* fnmples. They owe their 
peculiar name to their ext raordinary shape. They 
are arranged — ^ten or twelve in number — right 
across the back of the tongue in the form of a V\ 
with the point backwards, so as to catcii all the 
food as it passes into the pharynx before it is 
swallowed. Each one consists of a flattened 
elevation with a slight central de|>ression, and 
is surrounded by a depression like a trench 
(hpnee the name), and beyond the ditch is a 
slight circular elevation like a wall. ()j)euing into 
the bottom of this trench are the numerous 
orifices of the glands which secrete a very powerful 
juice of groat solvent power, while all along the 
sides, embedded in the walls, are bodies like 
oranges, called taste buds. From the toj) of each 
of these oval bodies, projecting into the trencli, 
is a circular ro^v of stiff hairs, inakijig the whole 
rather like the head of a thistle. Fart of all the 
food that is oaten falls into the trenches of thc.se 
papilla) and part is dissolved ; and then it is 
supposed that the ultimate part ieles si vike against 
the hairs, which are really naked “ nerve end- 
ings,” but look like the feelers of .'•ea anemones. 
The vibrations are conveyed to the taste buds 
and thence to the taste centre in the brain. 

How we Taste. In s[)eaking of all these 
organs of special sense- whether of touch, 
taste, smell, hearing, or sight— it must be re- 
membered that the special apparatus wo 
described is only an arrangement for accurately 
transmitting the peculiar vilwatious or sensa- 
tions to the brain, u hich alone feels, tastes, smells, 
hears, or sees. Consider for one moment the 
marvels of a“ special sense.” The salt ‘Cellar, for 
instance, has been filled up in mistake with 
sifted sugar, and yon cat it with your beef. 
You believe it is salt, and expect to discern its 
taste on the meat in the mouth. Some minute 
portion.^ diss«)lved in the trench strike again.st 
the projecting iutvc ends, and in some inscru- 
table way send up vibrations to the brain 
quite different from salt ; and so strong is the 
effect in the taste centre that, against your 
belief, you declare it is sugar. 

SMELL 

The sense of smell really resides in the upper 
jwrt of th»* nose, and here the olfactory or smelling 
nerves are situatecl. They project downwards 
in innumerable fine, liair-Iiko endings into the 
upper part of the no.slrils, and are connected 
above with two large bulbs of brain matter in the 
under surface of the cortex of each hemisphere. 

All parts of the nose can feel acutely ; but if 
we wish to smell anything, we sniff up the odour 
into the upper part of the naresy or nostrils [96,] 

How we Smell. Odours are either sus- 
pended in exceedingly fine particles in the air 
or in gases so thin and imperceptible that it is 
only by the sense of smell they are discovered. 
The odour must bo dissolved in the secretions 


of the nose before it can be smelled. Ifeiice, 
with both taste and smell, if the article bo abso- 
lutely insoluble, it cannot bo discerned. If 
the nose bo dry, as in fever, the sense of smell is 
lost ; or, if there be too much secretion, as in a 
heavy cold, it is much impaired. The use of 
the sense of smell is a good deal under our own 
control, ha- it requires an effort of the will to hold 
the breath and take a deliberate sniff. This 
sense is far less keen in us than in animals. 



SliuNving tlic ncrvfis flhres from the olfartory bulb, uml tlio 
nerves o£ smell and feeling. 


Flavours. Some smells, such as those of 
j)eppcr, ammonia, and acids, can hardly bo dis- 
tinguished from common .sensation ; and others, 
closely connected w ith tastes, wc call flavours. 
The dclicaiy of the olfactory sense is most 
remarkable, for the most minute traces (one 
thirty-millionth of a gramme of musk), quite 
impo.ssiblc to discern by any other means, can be 
smelkHl. Pleasant and unpleasant odour.s aie 
merely questions of judgment, just like colours 
and sounds ; and what constitutes the sensation 
of pain or })leasuro to which they give rise is not 
fully understood. A. T. SCHOFIELD 




TYPICAL EXAMPLES OF BRITISH PIGS 



MIDDLE WHITE SOW 


MIDDLE WHITE BOAR 




LARGE BLACK SOW SMALL WHITE BOAR 

The four upper photogmpIiB are reproduced by courtesy of Messrs. Chivers & Sons^ Histon 
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The Best Pigs lor Bacon. Selection ot Stock. 

Feeding and Housing. Care of Xnnng Pigs. 

PIGS AND PIG-BREEDING 


P IGS aro found on most farnis in the United 
Kiiigdum. They arc particularly valuable for 
utilising with profit the waste products of the 
dairy, field, and garden. When refuse of this 
sort* is available, or scraps from the house and 
kitchen are forthcoming, a pig can be econonii- 
eally fattened, either for market or homt^ 
consumption, with a very small addition of 
purchased food in the form of meal. Again, as a 
meat producer, in proportion to the amount of 
food consumed, the hog — with the exception of 
the milk- fed calf — far surpasses all other domesti- 
cated animals. 

]n fact, tho pig has been called “ the most 
economical meat-making maebiiic in tho hands of 
tho British farmer.** And this is all the more 
evident when it is r(*mcmbered that one hun- 
dredweight of digestible food will produce at 
least twice as much pork as it will beef or mutton. 

Tho original type of pig found in Great Britain 
was a huge, gaunt, roach- backed, long-legged, 
slow-growing brute much resembling its ancestor 
the wild boar, and the gradual development to 
tho neat, compact, flesh-producing animal of to- 
day lias necessarily been slow. The present 
breeds of swine of tho United Kingdom liavc^ 
been improved ehi(;tly by crosses made wuth foreign 
and native breeds, and by greater earo being 
exorcised in the methods of managtnnent and 
feeding. This cros.sing with foreign breeds, 
especially tho ('hinesc jjig {Su.i iHdicus)^ was 
principally carried out during the first half of tho 
ninet oeiith ceiitu ry . 

As is w^ell known, certain parts of tin* carcase 
of a pig aro more valuable, for purjuisi's of sale 
than others. It should, therefore, bo tin; 
breeder’s object to raise an animal that has 
IhcstJ parts best dev(;Ioped, 

An Excellent Pig for Bacon. Tho type 
of pig now required for purposes of feeding for 
’bacon and in demand by tho bacon -curer may bi; 
described as follows : The head and neck should 
be light and the shoulder free from coarseness, 
as these parts do not command so high a price. 
The body should be long and deep, with woll- 
sp>*ung ribs, giving a wide back and loin capable 
of being well packed with tlesh, as hero the 
valuable cuts arc situated, and a good side of 
bacon is a primary object. The thighs should be 
thick, the legs short, and the hair long and silky. 

Sufficient depth in the region of tho heart is 
also desirable, as it shows a good constitution. 
Further, the bone below tho knee and hock 
(cannon) should be fine, as this indicates light- 
ness of offal and a tendency to the development 
of lean meat. 

Principal Breeds of Pigs. In selecting a 
breed of pigs for any particular district the ques- 
tion of colour must be taken into consideration, as, 


owfing to local prejudice, white pigs arc favoured 
in some markets, and black in others. If a 
farincj’, therefore, breeds pigs of a colour not in 
fashion in fiis neighbourhood, he may suffer con- 
.siderahly aa regards the price obtained should 
he wish to sell in the local market. The colour, 
how^ever, has nothing whatever to do wfith tho 
thriving properties of the animal. 

Large White Yorkshire. Among the 
white breeds of i)igs the large white Yorkshire is 
one of the best, and is particularly well suited to 
the requirements of the farmer, and highly prized 
by bacon-eurers. It is large in size without being 
eoarso, the proportion of offal produced is small, 
and tho meat is sufficiently lean for modern 
requiremtmts. It is handsome and symmetrical 
ill appearance, comes early to maturity, is very 
[irolific, ami may used for purposes of either 
pork or bacon. It i.s hardy, of a good disjiosi- 
tion, and tho sow is an excellent mother. 

Tlie 1 ‘olour should bii white and free from black 
hairs ; the head moderately long and wide 
between the cars ; and the body should be long, 
level, wide and deep, with broad loin and wcll- 
ilcvcloped hams. 

Middle White Yorkshire. This breed, 
which originated by a cross between the small 
and large w hite, takes after the latter in appear- 
aiiei', but is not so long, and the body is rather more 
compact. The head also shorter, the face 
nion^ dished, and the snout somewhat turned 
up ; tho cars are more upright, the legs shorter, 
and there is a greater abundance of fine, soft hair. 
Further, the.se pigs do not produce such a good 
proportion of lean meat* as the large white, and 
are, therefore, not so profitable to tlie farmer as 
bacon producers. In these circuinstance.s they 
are rather better suited for the jiroduction of 
pork than bacon, and oonsequc'iitly there is a 
demand for middle white boars for crossing pur- 
PO.SCS by bieedei-s w'ho aim at producing pork. 

Small White Berkshire. These pigs aro 
now very little bred in tho United Kingdom, 
except in a few special ca.ses where a market 
exists for small pork. For their symmetry of 
form, quick feeding properties, and smallness 
of offal they may be taken as an excellent exampl(‘ 
of the skill of the breinler. They are somewhat 
delicate in constitution, and caro has to bo exer- 
cis(»d ill feeding, as they tend to lay on excessive 
quantities of fat in proportion to loan meat, 
appearing at some of the fat-stock shows as mere 
balls of lard. They cannot, therefore, be looked 
on as a farmer's pig for general utility purposes. 

Tho special characters are a pure white colour, 
head vciy short and dished, with broad and turned - 
up snout and heavy jowl ; ears pricked, and body 
broad, deep, and compact. 


EMBRACING fARMlNO, LIVE-STOCK, UAlKYiNG, BtEKEEPlNa FORESTRY, GARDENING 
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Lincolnshire Curly«coaied. ThiKisalarge 
Hizod, white -coloured local breed from the east coast 
of Lincolnshire. The face is shorter than that of the 
largo Yorkshire, and there is an abund&nce of long 
curly hair when the coat is fully groMm. The ears 
are pendent and not piioked like tnose of the York- 
shire. It is claimed for the breed that it is hardy, 
prolific, and of good disposition, and feeds quickly, 
producing equally good jjork and bacon. 

Berkshire. Among coloured breeds the Berk- 
shire is one of the best known, and very popular in 
England and abroml. Owing to the care bestowed 
ii}X)n it by the early breeders and its many excellent 
(qualities, it was at one time considered the most 
inn)ortant of the pure breeds, and was much used 
for (Tossing purposes. During recent years, how- 
i^ver, the tendency has been to breed more on 
fashionable than utility lines. 

The colour is black with a white blaze on the face, 
white feet, and white tip to the tail. The head is 
neat with erect ears, and the object now is to get the 
face as short and well dished as possible. The 
body should be broad and straight, and should 
possess a wide, h^vel ba(‘k. 

Large Blacks. These pigs have been bred for 
a good many years in different parts of England. 
Th(; outcome of the formation of the Large Black 
Pig »Soci(*ty at the end of the nineteenth century has 
rc^snlled in the development of a bacon pig on 
similar lines to the large white, and killing to alx^ut 
t‘ight scores d(‘ad weight when about seven to 
eight months old. It also has a quiet disposition, 
good constitution, feeds quickly, and is very pro- 
lific. It is black in colour, with a IkuuI of nu'dium 
length and long, thin ears hanging well ovct the 
fa<v. Ulm body is long and level, well sprung in 
the rib, and able to produce a good side of bacon. 

Tamworth. This is of a reddish, or rusty, 
colour, and probably the oldest breed of pigs m 
England. It is hardy and prolific, and much in 
colour for luirposes of home curing, as it yields a 
large side of lean bacon of excellent quality and 
flavour. The head is of a fair lengtli, and tlu^ snout 
is long and straight, being quite in contrast to that 
of the small white or the modern tyjie of Berkshin'. 
The ears are rather large and (Teel, and carried 
slightly forward. The body is long and straight, 
tile girth deep, and the loin wide. The slun is of a 
llesh colour, and (rovered witli an abundance of 
long, straight, fine hair of a goldcui red, which gives 
the characteristic colour to the pig. 

The principal objection to the Tamworth in tlu^ 
past has been its slowiu’ss in coming to maturity, 
Imt this fault is lieing remedied by care and selection. 

Cross-bred Pigs. For ordinary feeding pur" 
|K>ses a first cross between two pure breeds ofUui 
produc(j8 a pig better adapt(*d to provide a good 
<?arca.se of bacon than the pure breeds themselves. 
When cros.sing, consideration must be taken as to 
the points of the respective breeds, and it is not 
wise' as a rule to go beyond a first cross. The follow- 
ing crosses may be recommended as yielding first - 
rat(^ types of bacon pigs : {a) large Yorkshire Iwiar 
and Berkshire sows ; (h) largo black boar and 

Berkshire senvs. The first of these crosses is par- 
ticularly favoured by bacon curers. 

General Management of Pigs. In starting 
to breed pigs great care must bo taken in the s(*lection 
of the breeding stock. A number of jxiints should 
al8<) be considered before determining upon the 
choice of variety. Thus, the kind of pigs generally 
kept in the district should be noted, and a study 
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made of the require iieiits of the local market 
bi^fore a decision is filially come to. It is jfurther 
necessary to have Komo ideal as to the type of pigs 
one wishes to breed, and to select the boar and 
sows accordingly. 

The Choice of a Pig. It is best to choose a 
Iwar, if possible, from a good mother of prolific 
strain, and he should have an even temper and 
quiet disposition. Well -developed teats in the 
male are a good sign. The young Ixiar may bo 
used when six to eight months* old, and it is wise to 
mate him at first with fully grown sows. He should 
lie kept in ordinary store condition, and not be 
panqxjrod. He must have plenty of exorcise, and, 
treated with care, he ought to prove useful and last 
for a number of years. 

His focxl should consist princii)ally of sharps, or 
c<»arse bran mixed with barley meal, fed to him in 
two nu^als daily. A little corn in the shape of old 
peas, b(?an8, or oats is useful and may be given as a 
midday feed. 

Y%niiig sows should be chosen with good points. 
According to the variety, a qui(‘t disposition, and nut 
less than twelve evenly placed teats. Gilts may be 
put to the boar at from six to eight months old or 
upwards. The period of gestation is 113 days, or 
sixt(‘en weeks. Sows, therefore, if mated in 
October or April will farrow in February or August, 
the lattc'r being -generally considenul good months 
for producing spring and autumn litters respeje- 
tively. Sev^en or eight pigs may be looked on as a 
siifiici(‘nt number for a gilt to rear in her first litter, 
but the more pigs brought up under favourable 
conditions the Ix'tter, us in the second litl(*r thosi'> 
]>igs which suck t(‘ats that have? been used by the 
first litter obtain more milk and thrive better than 
otheis. A gilt's eapabilitii's may be judged by the 
w’ay she rears and suckles her first litt(T, and the 
opinion thus formed will show whether she should 
)x> bred from again or sent to the faitening-i)en. 

A good disposition is a matter of great importance 
in a HOW, as (a rasioually W’(‘ll-bre(l gilts of handsonu? 
appc'arance may bo purchased which develop savage 
instincts when tluy come to farrow — not only 
objecting to the att(?ndaut who is watching their 
interests, but sometimes going so far as to destroy 
their own offspring. Some knowledge, tluTefore, 
of the motluM- aiul other ancestors of any young 
SOW' — especially as n^gards temper — will be a great 
advantage before effecting th(? purchase. 

Some care is necessary in feeding the sow for the 
first few we(*ks after farrowing, and nothing is better 
for this pnr])08e, if available, than well -soaked bran 
or sharj)s mixed with a little skim milk or butter- 
milk. If everything goes on satisfactorily, a small 
quantity of mc?al may be gradually add(?d to the 
ration so as to assist the sow in produ(?ing an 
abundant flow of milk. The young pigs should bo 
weaned at eight weeks old, the process being 
performed l)etwc(*n the s(?venth and (?ighth week. 

Feeding and Housing. A very (ommon and 
erroneous idea often prevalent in the rural mind is 
that a })ig can be kept and expected to thrive under 
the most unwholesome and insanitary conditions. 
They are therefore allowed to wallow in a filthy sty 
on a rotten accumulation of litter, which is seldom 
removed until the unfortuiuite pig has found its 
way to the but(?her. The feeding is also performed 
in a haphazard and slovenly manner, accumulations 
of garbage being allowed to remain in the trough 
from one feeding -time -to another. There can be no 
greater fallacy, and no wonder, under such condi* 
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tions» tliat pigs aie often considei’ed not only as four timcN a day immediately aftc^r wenniiig, and 
unprofitable .but as an intolerable nuisance. as they get stronger this may be reduced to three 

Figs, if given the opportunity, however, will be times daily. On no account must they bo over-fed 

found most respectable animals, showing great in- at first, and a mixture of bran and sharps, with a 

telligence in keeping themselves clean and attending little skim milk or wash, will be found a suitable 

to their personal comfort. Thus, if housed in a sty diet. Care must be taken to avoid giving foods 

with an inner and outer court, they will be found to which have decidedly heating properties, such as 

keep their bed in the inner covered ]>art clean, dry, wheat-meal and pea-meal, in any quantities to 

and comfortable, and will deposit their excrement young pigs during the early stages of their existence ; 

in a corner of the open yard. Sties should, there- but meal may be gradually introduced, and iuereased 
fore, be provided with hard floors, such as cement by degrees as tlu? fattening p(*riod advances, 
concrete, sot with a jfroper slope so as t<» allow for Exi)eriment has clearly shown that as the weight 
surface drainage, as sties of this description can bo of a pig advances, so docs the amount of food 
kept clean by brushing. A sufficient supply of clean, required to produce a given increase ; so the soom^r 
sweet straw should also be av^ailable for the pig's a pig is fattened off the bettcT )iros])eet there is of 
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bed in the innc*r 
court, and this 
should be c,hang(‘d 
periodically as soon 
as it becomes soiled. 

The feeding (»f 
thes(i animals must 
bfj carried out in a 
cleanly and metho- 
dical manner, no 
more food being ])iit 
in the trough at one 
time than tlie occu- 
}>anis of the sty w iW 
clear up before the 
jiexfc meal. IJiidor 
these contiitions. 



GROUND PLAN 

A. Central passage, HOI ft- long by 5 ffc. \vid<.‘, B, {Sties, v, OiVor yards. 


which necessitate little extra labour wdicn 
systematically carried out, pigs will be found to be 
healthiej', to thrivt*, and grow better, and make a 
much larger return for the quantity of food given 
than when kept in an insanitary state. 

The Type of Pig in Demand. As in the case 
of beef and jnuttt)n, the publie taste for ]iork has 
considerably altered. What is now recpiired is a 
j oung carcase of sweet flesh suitable for eonsumj)- 
tion as fresh pork, or ca})ablc of being turned into 
sides of Jean, mihl-cur<^*d bacon. Jii these circiim- 


leaving a margin of jirofit for the feeder. In tlio 
case of tho cottager’s ])ig, the object is not only to 
produee a wholesome carcase of meat for home c^on- 
siimption or sale, but also to turn to profitable 
aeeount a lot of waste inat(;rial from tho garden and 
allotment, together with wash or .sora))H from tlie 
kitchen, and at the same time to ]>roduce a quantity 
of valuable manun^ for subsequent use. In these 
circumstances feeding tf) somewhat heavier weights 
till from twelve to fourteen jnonths old often suits 
Ills purpose bettiu*. 


sances the old custom ot feeding pigs up to two years 
old or more, and killing so as to i^roduce huge 
carcases, largely of fat, has almost entirely died out. 

The typo of jiig at prcHcni in most demand is oncj 
wliKih •will fatten quickly, ami be ready for the 
butcher at some seven or eight months old, when it 
s! ould yield a carcase of from IGO to 170 lb. in 
■»veight. This is tho kind of animal now sought 
after by tho Imcon-curer, and to produce pigs of 
this stamp it i.s necessary to keep the animals going 
steadily on without a check from the time of w eaning 
till they arc fit to go out. The young pigs should, 
therefore, ho run as rapidly growing store.s till they 
aro about five months old, and then be quickly 
finished off on a more concentrated ration, consisting 
largely of barley meal, in from eight to twelve weeks. 

Feeding Young Pigs. Two great points to pay 
attention to in the 8ueces.sfnl feeding of young pigs 
are cleanliness and . warmth, and these factors aro 
quite as important as the question of food. As the 
little pigs’ stomachs arc small, they should bo fed 


The Pig Trade. As to statistics, the i)ig trade 
is a lluctiuiting one, the total numlxT of animals in 
the United Kingdom rising and falling every few 
years, and never exceeding some 4,r)(X),000. The 
reason of this seems to }x‘ due to the fact that when 
good prices are obtainable in the homo markets 
everyone starts bn'cding, the price goes down, and 
many of the breeding sows are then disposed of. 

On the other hand, we find that pig products to 
the value of some £20,000,000 aterling are imported 
annually into tho United Kingdom, which roughly 
represents 5,000,000 pigs i»er annum. 

The question of whether a jiart of this groat 
quantity of bacon could not be grpwrn profitably at 
homo turns on the possibility of running factories on 
sound business principles in various parts of the 
country. Private bacon factories yield largo profits, 
and there seems no reason why these shoidd not Iw 
established by farmers themselves, and conducted 
on co-operative lines with every prospect of success, 
DRYSOALE TURNER 
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Some Important Oxides and Sulphides. NltrouSf Nitric, SulphuronSi 
and Sulphuric Acids. Sulphates and Amides. Alloys and Amalgams. 

SOME INORGANIC COMPOUNDS 


B efore going on to discuss the ba^ic chemical 
laws, and the way in which they have been 
affected by modern physical theorit's of matter, 
it is necessary to dc'al with certain compounds — 
oxides and sulphides — which have not come into 
the general sequence. The normal oxide of 
hydrogen having alrt^ady been discussed under 
the name of water, wc may add a few words 
regarding th(^ jjeroxid<» of hydrogen (H.^0.^), 
mentioned on page? fiOll. This (diaraeteristic 
oxidising agent is a iu'avy, syrupy liquid, colour- 
less, and with a distinctive taste. It is nearly 
lialf as heav 3 " again as w^ater. 

Sulphuretted Hydrogen. The most 
important sulphide of liv'drogen has the formula 
corr<‘sponding to watcT (H.^(3) — w^e have 
already s(*en that oxygen and sulphur should 
be claiised together and is a colourh'ss gas, 
with the characteristic odour of rotten eggs, 
whicli owe their odour to the production of 
this gas from the sul|)hur contained in w'hite of 
egg. Tluj gas may, of conr.se, b(5 liquetied and 
frozen. It is found in the gases produced by 
volcanoes, and in the w'atcr of many medi- 
(inal springs, such as those' of Harrogate. If 
breathed, snlphuretb'd h^'drogen is poisonous, 
and, as might be expected, it is combu.stible, 
forming wattu’ if th(‘re bo but a limited supply 
of oxygen, while the .sulphur is juveipitated, 
but forming both water and sulphur dioxide 
(SO.^) if the supply of oxygen be abundant. 
The commoiK^st way of ])roducing sulphuietted 
hydrogen is by the decomposition of a sulphide, 
especially ferrous sulphide (F(*S), by means of 
sulphuric acid. Wh(a\ we observe t he formula of 
eny sulphide, siicli as FeS, we see again the 
jiarallelism betw’een oxides and sulphides. 
Among the other simpU* sulphides and oxides 
which arc worthy of special mention there are 
many that have already beem sufliciently dealt 
with. . The following havi*. not. 

Bisulphide of Carbon. Carbon bisul- 
j)hide, or bisulphide of carbon (CS.,), is formed 
by the direct union of cfirbon and sulphur, and 
is thus strictly comparable witli carbon dioxide 
(CO.,). Thi.s, however, is a colourless liquid, 
w'hich is heavier than water, and almost insoluble 
in it, while it gives off an inflammable vapour. 
H'he products of its combustion are naturally 
carbon dioxide (CO.J and sulphur dioxide (SO.). 
Bisulphide of carbon is used in the manufacture 
of a large number of indiarubber goods wbicli 
require to be vulcanised so that they may w ith- 
stand changes of temperature. The proce.s8 is 
very often performed by using sulphur chloride 
in solution in bisulphide of carbon. Unfortu- 
nately, the continued inhalation of this sub-^ 
stance causes very .serious sjnnptoms in the 
worker in many oases. 


Nitric Acid. We must now pass to consider 
an acid which ranks in importance with hydro- 
chloric acid, already described, and sulphuric 
acid, to which we shall soon come. This is 
nitric acid, which has the formula HNO-j. 
When discussing the law of multiple pro- 
portions, on page (>9.5, wc mentioned five kinds 
of molecules compounded of nitrogen and oxygen. 
Xitric acid is to be regarded as the acid formed 
by the union of water and the pentoxidc, as it 
is called ’-from Greek pejita, five — of^ nitrogen 
(N.O-)* Nitric acid, with its powerful action 
u]3on almost all substances, does not occur as 
such in nature, and is usually obtained by 
tui'iiiug it out from one of its salts, called nitrates, 
by iiu‘a.ns of sulphuric acid. The following is the 
cJpiation, wiiich the reader will recognise as 
being exactly comparable to the equation W’e 
have alreud^^ giv(‘n for the production of h^'dro- 
chloric acid fiom sodium chloride : 

NaNO.j 4' HoSOj = NallSO, 1 HNO... 

We sec that the products of the decom- 
position ai’e the acid r(*(piired and ilu? same 
salt, .acid .sodium sulphate, as was formed in the 
previous instance. 8ulj)huric acid is less volatile 
thfin either of the.so other acids, and thus will 
t\iru them out of their co*lnpoimds on luxating 
the mixture, not because it is more powerful, 
but because the nitric acid is driven off by 
heat before the sulphuric acid. Nitric acid 
is a powerful oxidising agent., and has very 
marked actions upon the human body ; it stains 
the skin yellow. Its anhydride, as wa^ have seen, 
has the formula N.^O.. and is a white cr^’^stalliiui 
body which forms nitric acid when added to 
water. The reader wall be abh; to write for 
bim.self an equation that represi'nts the change. 

Laughing Gas. The )>eroxide of nitrogen 
(NO.j) is a reddi.sh ga.s which probalil^' has the 
formula stated at high tonqxTatures, but tlu*. 
formula N.^O^ at lower temj»cratures, as if th<^ 
effect of tfie higher temperature were to split 
into two the larger molecules w'hich occur wflien 
the gas is frozen. This gas cannot be breatluxl. 
On the other hand, nitrous oxide, having tlu^ 
formula N.jO, is a colourless gas, with a not 
iini)leasant sweetish taste and odour, wdiich can 
be readily breathed, and is familiar as laughing 
gas. It may bo made in various ways, the 
simplest of which is heating ammonium nitrate, 
which is decomjKjsed, yielding nitrous oxide ancl 
waiter, according to the equation : 

NH,NO.j - 2H./) 1- N«0. 

This gas can be readily liquefied, and is sold, 
like oxygen, in steel cylinders, for surgical 
jiurposes. It has the distinction of being, on 
some grounds, the oldest anaesthetic, and is 
very largely employed in dentistry, w’hile it is 
largely coining into use in general surgery in 
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► combination witli, or prccecl ing, other ana*sthetie.^. 
The extreme safety which attends its use, and 
to which it owes its value, has a very interesting 
(explanation. The essential part of the act of 
breathing may bo simply stated as tlio removal 
of carbonic acid from the blood, and the addition 
of oxygen to it. Now, most anaesthetics owe their 
action to some chemical combination which they 
form with the nervous tissues, but nitrous oxide 
appears to have an entirely dilTerent action. 
When breathed in place of air — more dangerous 
anaesthetics being oreathed in only very small 
l)roportion8 in air — nitrous oxide appears to form 
. a temporary union with the haunoglobin or red 
colouring matter of the blood, the normal bustnrss 
of which is to form a similar union with oxygen. 

Action of Laughing Gas. Thus the 
nitrous oxide completely deprives the nervous 
tissues of that constant supply of oxygen 
w'hich is necessary for consciousness. On the 
other hand, the gas does nothing whatever to 
interf(n’(5 with tlm other half of th(^ process of 
breathing — Ihc removal of carbonic acid from 
the blood. In accordance with the law's of 
partial pressure [see Physios |, thi.s process frtH‘Iy 
continues w'hilc the gas is being inhaled, and it 
is because the procu'ss is so extremely simple?, 
and because tfie removal of the ])oison is not 
intcrf(‘rod w'ith, that this gas is so extremely safe. 
But, of coinse, it cannot act for long. As soon 
as the mask is taken away, and the patient 
breathes ordinary air, the? ])ressure of the nitrous 
oxide in his blood beconu's far higher than tin? 
})ressuro of the minute quantity of nitrous oxide 
that may be in the atiuospliore, and so the gas 
is ru])idly exhaled, and under ordinary conditions 
the dentist cannot very well count on much 
mon? than a minute of aruesthesia-. When the 
gas is breathed iii marked dilution it produces 
much exhilaration, whence? its name. 

Nitrous Acid. In contrast with nitric 
acid (HNO;|), wo must make the aorpiaintance 
of nitrous acid, which has the formula HNO._„ 
and tlie anhydride of w^hicli, nitrous anhydrid(\ 
has the formula N.,0;j. This is a dark-blue liquid 
. wdiiedi is ('xtremely unstable, and cannot (?xist 
at all in a gaseous state, but which, with icc-eold 
water, forms nitrous acid. The reader can easily 
WTite an equation fot himself which will })rov(? 
that a molecule of w'ater and a molecule of 
nitrous anhydride, if combined, must yi(?ld tw'o 
)nolecuU*s of nitrous acid. Just as nitric acid 
forms nitrates, so nitrous aeid forms salts, which 
are oalled nitrites. 

The series of nitrites in general have a very 
2 ?cmarkablc action upon the body, an action 
which w’as fii’st observed in the case of the? 
organic nitrite called amyl nitrite, but is shared 
by such salts as sodium nitrite. The common 
property of all these substances, whether organic, 
. inorganic, liquid, gaseous, or solid, is to cause 
immediate and marked relaxation of all kinds 
of involuntary muscular tissue in the body — an 
action not yet explained ; but it is to this that 
they owe their remarkable and almost unique 
value, discovered many decades ago by Sir 
Lauder Brunton, in the treatment of pain of 
the heart, asthma, and all forms of ooUe. 


Sulphur Dioxide. Sulphur and oxygen 
form two very importakit combinations witii 
each other. One of these is sulphur dioxide, or 
sulphurous anhydride, already referred lo, 
having the formula SO.^, while the other is 
sulphur trioxide or sulphuric anhydride, 
which has the formula SO.j. JSiiIphurous 
anhydride, together with a certain quantity of 
the trioxide, is formed wh{*n sulphur is burn(?d 
ill air, and is the agent of fumigation, or di.^* 
infec.tiou, by sulphur. It is a colourless gas, witl 
an extremely pungent smell, much more power- 
ful but less disagreeable than that of sulphuretted 
hydrogen. It is a true disinfectant, being 
antagonistic to all forms of life. But this is not 
to say that the fumigation of a sick-room b^' 
means of sulphur, as ordinarily practised, is 
anything but a pitiable and dangerous farce. 
It is one of the first axioms of natural 
philosophy that a thing cannot act where it is 
not. Readers of the course on Physics will 
remember our difficulties in this resp^^ct in 
relation to the force of gravitation. Similarly, 
sulphur dioxide, though an excellent antiseptic, 
cannot act where it is not, and, as a rule?, it 
nev(‘r reaches those very places ivhcre the 
microbes of disc'ase are hidden. In order to 
utilise properly its disinfectant powers, a room 
should first be practically emptied, and should 
then hav(‘ a very largo ((uantity of sulphur burnt 
in it, while all outlets for the gas are rigorously 
closed. This may most unpl(‘asantly and, as a. 
matter of fact, permanently allect the appearan<‘i? 
of the room, but it will be effective. 'J’hc kind 
of fumigation that does not hurt the room does 
not hurt the microbes. 

Sulphurous Acid. Wo have called this 
gas an anhydride, and its acid, of (course, must 
have the formula HoSO.j, which is obviously 
obtained by adding together the fornmlas of 
water and sulphur dioxide. At low tempe- 
ratures this acid is stable, and is thus com- 
parable w ith nitrous acid. It forms sulphites, 
just as nitrous acid forms nitrites, a ty])i(!al 
example being sodium sulphite, which naturally 
has the formula N^tSO..;. Sulfiluiroiis acid is 
a w'eak acid, and is readily turned out of its 
compounds by means of other acids, such as 
sulphuric acitl or hydrochloric aeid. 

Sulphur Trioxide. Sulphuric anhydride, 
or .sulphur trioxidc, SO.-j, occurs in two modifi- 
eatkms at ordinary temperatures: (1) the liquid 
form, having molecules of the formula SO^, while 
(2) the solid crystalline form has its molecules 
doubled, i.e, (SO;;)^. It is less stable than 
sulphur dioxide, and one atom of sulphur can 
be pcrsuatlod, so to speak, to combine with three 
rather than with two atoms of oxygen only if 
the conditions are made specially favourable. 
The trioxide is decomposed into the dioxide and 
oxygen at the temperature at which sulphur 
burns, and hence only minute quantities can 
be produced by this means. But if a mixture 
of dry sulphur dioxide and oxygen be passed 
through a red-hot tube coated wi£h platinum, 
the trioxide is formed by one of those most 
curious actions which resemble those of a 
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ferment, and are called catalytic. When w(5 
diBCu&sed platinum, we noted the singular 
chemical properties which it possesses, being 
able, for instance, to induce such chemical 
actions as the direct union of oxygen and 
hydrogen at ordinary temperatures. It was 
there argued that in all probability the platinum 
acts by breaking up a certain number of the 
ga^seous molecules, so tliat the atoms thus 
divorced are liable to seek new partners. The 
formation of sulphur trioxide is another illustra- 
tion of this argument. 

Sulphuric Acid. We have called the tri- 
oxide an anhydride, and on combination with 
water it forms the very imjjortant acid known 
as sulphuric acid (HoSO.^), t he formula of which 
is obviously obtained by adding together a 
molecule of w ater and a. mc>lecule of the trioxide. 
Of such great importance is this acid that the 
amount of it that is used in any count ly can be 
employed as an index of its measure of material 
<-ivilisation. At least, this is what has been more 
or less jokingly said, and certainly many means 
of judgment much less accurate are often cm- 
pl<3yed. Jt might be thought that the easiest 
way to prej)are sxilphuric acid (which docs not 
occur free in nature) w^ould be to oxidise directly 
sulphur dioxide, meanwhile adding W'ater to it. 
but owing to the cause we have already named 
t his is not possible. The actufd process of mann- 
factnre is of some complication. The essential 
)»rincipl(^ is that sulphnr dioxide is obtained by 
burning iron pyrites (FeS.,), and that by means 
of nitric axud fumes the dioxide is further 
oxidised into the trioxidt‘, the oxitles of nitrogen 
ill the fumes acting as oxygen carriers. When 
the pure acid is fiiudly obtained it is found to 
bo a thick, colourless, heavy liquid, which has 
an extraordinary affinity for water, so much 
so tluat it is practically iinjiossible to obtain 
sulphuric acid that is entirely free from water. 

Anhydrous Sulphuric Acid. It is 

unsatisfactory to say, as is often said, that it 
is impossible to obtain “anhydrous sulphuric 
acid,“ because wo might reasonably ex])cet 
that term to indicat<' sulphur trioxide. At 
any rate, this acid forms true compounds 
with water, which may perhaps be called 
Jiydrates. When it is mixed wdtli water, not 
only does the resulting })roduct occupy less 
volume than did the water and the suliihuric 
acid before they were mixed, but there is also 
t he evolul ion of mu(‘Ji heat, w'hich, as t he doctrine 
of the (ionservution of energy teaches us, has 
to come from somewhere, and which implies tho 
satisfaction of potential chemical energy pre- 
viously present in tljc sulphuric acid and the 
water, and th<‘ transformation of that energy 
into the form of kinetic energy which we eall 
heat [see Pnvsi<’s|. 

Uses of Sulphuric Acid. Thus, sul- 
jihurio acid may be used in ordt^r to dry 
gases and other bodies; and probably the most 
marked of its properties in relation to living 
matter are due far less to its character as an 
iicid, though this is marked enough, than to 
its character as a ivitbd rawer of water, or a 
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tlebydrator. This process of dehydration, or , 
the removal of water, causes the characteristio 
marks of the action of sulphuric acid. We saw 
that nitric acid turns the skin yellow' ; pure 
sulphuric acid makes it black, and has the same 
action on wood and sugar. I ndeed, it chars these 
substances, and the black is simply carbon. 

The case of sugar is the simplest, because this, 
as we shall afterwards see, is a carbohydrate — 
that is to say, a substance consisting of carbon, 
hydrogen, and oxygen, the two latter being 
present in the same proportions as they are in 
water. Thus, to speak somewhat loosely, the 
rea.«on w hy sulphuric acid chars sugar is that it 
removes all the water — strictly speaking, the 
element.^ ecpiivalent to W'ater — that enters into 
its composition, leaving merely the charcoal 
behind. The acid has countless practical uses 
* — in the preparation of other acids, as we have 
already seen, and in the manufacture of sodium 
carbonate and caustic soda, these being quoted 
from bund reds. 

Sulphates. Certain sul})batps have already 
been refern^d to. We may note tho names 
of calcium .wlpfmte. (CaSOj^), which, under 
varying conditiorLS is known as gypsum, ala- 
baster, and ])laster of Paris ; ynmjntsium sul- 
phafp (MgSO^), which abounds in life mineral 
springs at Epsom, and hence is called Epsom 
sabs ; ziuc sulphate, wdiich is an antiseptic and 
astringent, and thus also of value in medi- 
cine ; ferrous sulphate (FeS 04 ^), which, having 
nothing !<;) do with copper, is unfortunately 
known as copperas, or, nnudi better, as green 
vitriol; copper sul hale ((.UiSO^), known as 
blue lutrlol — the tcu’in “ vitriol ” or “ oil of 
vitriol ” being often applied to strong sulphuric 
acid. The word is derived from the l^atin 
vitrum, glas.s, since tho acid and many of its 
compounds in (certain states hav'c a glassy ap])ear- 
ance. But there is a further clas.s of sulphates 
to whieh special reference must be made. 

Alums. The word alum is very frequently 
('oiifined to wliat should projierly bo called 
potash alum ; but, in the general sense, an alum 
is a double sulphate, consisting of the sulphate 
of ono of the alkali metals together with a 
.sulphate of aluminium or one of the metals 
belonging to the aluminium group. They all 
corre.spond to potash alum, the formula of 
which is variously rendered, as intelligible a 
reailing as any being KA 1 (S 04 ).>, 12H.^0. 

They all form eight-sided crystals, so that 
if a crystal of one of the alums be placed in a 
solution of another, the crystal is covered by 
a crystalline lay(*r derived from the solution. 
This is made the more easily possible since they 
all contain the same number of molecules of 
w ater of erystallisatiori. All the alums are readily 
soluble in water, they all have an astringent 
taste, and an acid relation to litmus paper 
and the like. Thus, in every way, they form a 
very dchnite class. The most important alums, 
after potash alum, w hich has been so long known, 
are those containing ammonia, chromium, iron, 
and manganese. The chief use of ordinary alum 
— that is to say, potash alum — is as what is 
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called a mordant (from the Latin mardeo, I bite) 
— that is to say, a substance which so affects 
cloth dipped into it that any colouring matter 
afterwanls employed stains the fibre much more 
permanently. This is due to the relation of 
alum to colouring matters, with which, as we 
have seen, it forms the precipitates called lakesi. 

Many other oxides are of im(X)rtance, and 
some of them have been previously referred to, 
but we must pass* them and discuss a few 
other compounds, which are mostly of small 
importance in themselves, but are of interest 
because some of them introduce us to fresh 
complexities, the memory of which may help us 
w'hen w'c pass on to organic chemistry. 

Derivatives of Ammonia. Ammonia 
(NH.j) may, of course, be described as a nitride 
of hydrogen, and in referring to the alkaloids 
we have seen the theoretical imiJortance of this 
substance, since one or more of the hydrogen 
atoms may be rc])liu?ed by innumerable atomic 
combinations, such as those which constitute 
the alkaloids. But there are other nitrides <»f 
hydrogen. Thai which has the formula N«H4 
resembles ammonia, and is kiiow^ii as hydrazine. 

Of much greater interest is the coinjxjund 
with the formidable name hydroxyUimine. This 
name, homnor, has g(yyd sense in it. The 
first part of it, hydroxyU is applied to the 
atomic group, - OH, which is found in combina- 
tion with so many other kinds of atoms and groups 
of atoms, the simplest case, of course, being 
water, the formula of which may bo written 
If — OH. The meaning of the term hydroxifl 
must be carefully rcmembeitHl, since, though 
Jiydroxyl never exists by itself, it is one of the 
most frequent and important atomic; combina- 
tions in the whole range of chemistry. Awine^ 
the rest of the long word we have quoted, 
is tlie name of an almost equally important 
atomic group, NHo. Hence the formula of 
hydroxylamiiie is given in its name, oricc the 
meaning of the name Ls explained. It is, of 
<*oursc% NTTjjOH. Now, suppose this were 
written in the shortest possible way, it would 
run NH;, 0 , and there would be no coniprelieii- 
sion of the presence of the h3"droxyl group, but if 
w^e write it j)rop<^rly, NHoOH, we see that this 
substance may be regarded as ammonia, one 
hydrogen atom of which has been ref)laccd by 
hydroxyl. We may even, by w ay of illustrating 
the meaning of the graphic forniida.s to which 
wo must soon come, venture on a little drawing 
to show' what may be supj>oeed to have happened. 
The lines represent the hands of the atoms. 



Hydroxjdamine is know n in solution in water 
as an alkaline liquid. When this is distilled 
some of it passes oil unchanged, while the rest 
is decomposed, forming ammonia. As may be 
expected, if w'o compare the formula of hydrox- 


ylamino with, say, the foi’mula of caustic 
potash (KOH), this substance is an alkali, and 
forms salts with acids. In looking at the for- 
mula of caustic potash, we recognise the last two 
letters as constituting the hydroxyl group. 

The Amides. Hydroxylamine is also of 
importance, as we may use its formula in order 
to remind ourselves that hydroxyl and amine 
can take each other's places in various com- 
pounds. For instance, there are knowm com- 
pounds called sodamine (or sodium amide) and 
polassamine^ the formulas of which are NaNH.j 
and KNHjj. obviously corresponding to NfiOH 
and KOH. the amine group having taken 
the place of the hydroxyl group. These are 
simple instances of the countle-ss compounds 
of ammonia. 

Another comjX)und, which is of importance 
because it is so often put to practical ends, is 
the substance W'liich is jiopularly know'll as 
white precipitate. This is a compound of 
ammonia ami |jerchloride of mercury or corrosive 
sublimate, and its formula may variously bo 
written. If a solution of corrosive sublimate 
acts upon ammonia, this body is formed. 
Its comf>opilion may be most conveniently 
written NH^Hgtl, though the reader will re- 
member that H^’l., is the formula of i>erc*hloride 
of mercury, not Hg('l. This last, however, is 
the formula of the siibchloride of inorcupr. or 
mercurous chloride*, and this has a similar 
interaction with ammonia, forming a substaiwjo 
of no im{K>rt anoc. 

Phosphoretted Hydrogen. Phosphorus, 
wo remember, Ixflongs to the nitrogen group 
of elements, and so, if the grouping of the 
elements means anything, we may reasonably 
expect that there should be com|>ounds of the 
other elements of this group w'ith hydrogen, 
corresponding to the com}X>uiKl ammonia, and 
tliis is BO. For instance, we know’ the phosphorus 
comjiound, which naturally has the formula PHV,, 
the arsenic compound (AsK.-J and the anlimony 
compound {SbH.j)' 

Of these, by far the most, important is plios- 
phorettod hydrogtui, often called phosphine 
(the others are similarly sonictimes known as 
arsine and stibine). Like ammonia, phosphine 
is a colourless gas, poisonous, having a horrible 
smell, but, unlike ammonia, insoluble in w ater. It 
may be formed in variou 5 w ays, as, for instance, 
by boiling a strong solution of caustic jxitash 
containing free phosphorus. In these and other 
methods of mamifactiire, great care has to bo 
taken to dispose; of another phosphide of 
hydrogen (P.^H., ), w'*bich is ii(|uid and is spon- 
taneously inflammable in the air, even .at 
ordinary temperatures. Now, the parallelism 
bc'tween phosphine and ammonia is still further 
illustrated by the fact that with certain acids 
it forms salts which precisely correspond to the 
salts of ammonium. For instance, there is the 
salt called phosphonium bromide, which has tho 
formula PH^Br, and which exactly corresponds, 
botli in its mode of formation and otherwise, 
to ammonium bromide (NH4Br). 

G. VV. SALEEBV 
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GROUP 7-HISTORY • THE STORY OF ALL AGES AND PEOPLES-CHAPTER 17 


The Duel Between France and the Italian Papacy. Popes at Avignon. 

The Conncil ot Constance, and the Return of Religious Persecution. 

THE DAYS OF RELIGIOUS CHAOS 

I ET US now see how the fall of the necessary to salvation to believe that 
^ Hbhenstaufen House affected the every human being is subject to the 
fortunes of its great enemy, the papacy. * pontiff of Rome/’ 

In 1294, on the occasion of a papal Ror a time all went well with the haughty 
vacancy, the cardinals, divided among and grasping Boniface. He banished the 
themselves, and tired of one another s whole family of the Colonnas, his personal 
intrigues, took the unexpected step of enemies, he razed th(;ir fortresses, and 
choosing as pope a holy hermit in the forbade their city of Palestrina to be 
mountains of the Abruzzi, who most rebuilt. He imposed peace on the warring 
unwillingly donned the papal crown and kings of England and Prance. He pro- 
took the title of Celcstine V. It was soon claimed a Jubilee in the year i >/jo ; men. 
seen, however, that a great saint might women, arid children Hocked to' l^omo to 
make a very bad pope. This wild man obtain eternal salvation ; and two priests 
from the mountains, with his sliaggy beard stood bv the altar of St. Peter’s with rakes 
and vile raiment, though kings held the in their hands, sweeping in the gold and 
bridle of his ass as he rode into the city silver coins offered bv the pilgrims. It 
of Aquila, could not adapt Iiimself to the was said that during this Jnbilee Boniface^ 
splendour of his new position, or manage wore an imperial crown 'as well as the 
with decent ability the complicated affairs papal ; that tlie purple sandals of the 
of his world-wide sjnritual kingdom. emperor were on his feet, and that two 

Almost at once he began to meditate i^words, signifying temporal and spiritual 
abdication, and a return to the roots and power, were borne before iiim. 
water of his cell ; and one of the cardinals. But this man, so proud and dominecr- 
thc astute Benedetto Gaetano, was ever ing, met his equal in the king of France, 
at his ear whispering that this w()uld Philip the Fair, gfandson of St. Louis, 
be his wis(?st course. In December, I2q-|, and in all things the opposite of his 
after little more than four monllis’ sainted ancestor. Hard, covetous, and 
pontificate, Celestine abdicated -if a pope revengeful, Philip came into collision with 
could abdicate — his great office, making, Boniface over his claims to tax the 
as Dante says, “ tlirough cowardice, the revenues of the (.'hurch, and he found his 
grand refusal,” and was succciided by his pretensions ably supported by the rising 
benevolent adviser, Gaetano, who took the school of lay lawy ers, who magnified the 
title Boniface VITL, and before long office of CcTsar as much as the ecclesiastical 
committed his predecessor to a strict im- lawyers magnified the ofiice of the Vicar 
I)risonment in a noisome dungeon, from of Christ. The pope tliundered forth his 
which, after a few years’ captivit3^ he bulls ; the French king replied with his 
was released by death. angry decrees. There were excommuni- 

In the pontificate of Boniface VIII. the cations on one sid(', outlawry and con- 
papal power seemed to reach its greatest fisration on the other ; but it was plain 
height, only to undergo its most terrible that Philip had the majority of his 
humiliation. He out-Hildcbranded Hilde- subjects on his part, and that he would 
brand in the language which he addressed not have to go to Canossa or feci on his 
to kings and enqx^rors. ” There are two neck the pressure of the pontiff’s sandal, 
swords,” lie said, quoting the words- of Far from this, he and his legal advisers 
Christ in the garden. These are the began to moot the question of Boniface’s 
spiritual and the temporal. One sword own right to the po{x^dom, the weak p>oint 
must be under the other — ^the temporal in which was, of course, his election during 
under the spiritual. The spiritual insti- tlio lifetime of his predecessor, and to 
tuted the temporal power, and judges press for liis trial l>eforc a general council 
whetiier that power is well exercised, Wc on some strange and scarcely credible 
assert, define, and pronounce that it is charges of heresy, blasphemy, and 

THIS GROUP TELLS THE STORY OF THE WORLD FOR TEN THOUSAND YEARS 
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immorality. But ere such a council could bo 
summoned, Boniface — who, to avoid the heat of 
a Hunimer in the city and the turbulence of 
Boinan citizens, had retired to his native town 
of Agnana — was attacked there by a band of 
ruffians^ headed by one of his old enemies the 
Colonnas, and by a myrmidon of Philip, William 
of Xogaret ; and by these men find tlieir fob 
lowers he was so roughly handled that in less^ 
than five weeks he dietl. 

The Seventy Years* Captivity of the 
Popes. Tlie assailanis and all but murderers 
of the pope were never ]junishcd, Imt, on iho 
other hand, th(< memory of Bonifaee was spared 
that solemn eondemnatioii which Philip longed 
to iiiHict. The influenee of the Pn‘n(!h king, 
however, was now trium pliant at the papal 
court ; one Prenchmori after anoilH^r was raised 
to the papacy and came to nestle under the 
wing of French royalty jit Avignon, on the 
Jihmi(\ Avignon was not at this time actually 
part of the French territory, though closely 
bordering upon it. Thus began the Seventy 
Years’ (^a]>tivitv which amazed and scandalised 
Kuropc. For th<‘ greater part of the tliirteen- 
hundreds, from J.*U)5 to 1370. during the hottest 
of the war between P^dward 111. and the Valois 
kings, ive must think of the Pope as the humble 
client of the P’rench king; it might be said hardly 
more than his domestic chaplain. 

The Suppression of the Knights 
Templars. It was in this position of m<H*k 
subordination to the king of l^’ranco that 
('lenient V., the first Avignon PoiUitf (1305- 
l.‘U4), sanctioned the suppression of the Order 
of Knights Templars, on account of their alleged 
immorality, heresy, and secret practising of 
obscene and blasphemous rights. PV>r these 
alleged crimes, mainly on the strength of con- 
fc'ssions extracted by torture, the aged Oraiid 
Master of the Order, John du IVlolay, and 113 
of the knights were burned in Paris. Hundreds 
jierislied in tlio French prisons. In lOngland 
the Order was also suppressed, and sonic of its 
members appear to liavi^ been subjected to I ho 
torture, but the punish inent wfis for the most 
]>art limited to lifelong seclusion in a convent. 
4’hc degree of justiHcation for the suppression 
of the Order of Knights Templars is one of tho 
disj)iited questions of history, and in soiiio 
respects resembles the similar ([uestion with 
referenco to tho suppression of tho PhigUsh 
monastic orders in tho fifitHui-huiidreds. 

Greed Masquerading as Purity, In 

both eases bitter and terrible accusations w'oro 
brought against the iiKTiininated parties, and it is 
not easy to undtTstaiid how these nimours can 
have arisen absolubJy ivithout cause ; but in both 
c'ases also the chief crime of tho accusc'd was 
evidently ilieir large possessions, which attracted 
the desires of a grc'cdy and extravagant king 
—in England, Henry VI IT. ; in France, Philip tho 
F^iir. The execution of (Jrand Master du Molay 
cspoeially mov(‘d tho pity of Europe, which 
heard of the martyr’s dying summons to king 
and pope to meet him speedily before the bar 
of tho Most High — a summons which was fol- 
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lowed by the death of Clement V. within thirteen 
months and of Philip IV. within twenty-one 
months of tho murder of their viotim. 

The Papacy Overshadowed by 
France. The sojourn of the Popes for more 
than two generations at Avignon is one of tho 
strange paradoxes of medieval histoiy. How, we 
ask ourselves, was it possible for ecclesiastics 
whose solo title to the obedience of tho Church 
lay in the fact that they wera bishops of. Rome to 
spejul tho whole of their official lives in a city 
on the Rhone, a month’s journey from tho 
imperial I'ity Y Theoretically, the position was 
certainly indefensible. Practical^, it is easy 
to see how the thing came to pass. The French 
influence, having once become strong in tho 
('ollcge of Cardinals, tended to become ever 
stronger, because each French Pope created, more 
and more of his own counf-rymen. Tho king of 
Franco, not yet engaged in liis deadly struggle 
with England, overshadowed iho w'cak Bohemian 
emperors of Germany. 

Failure of the Italian Republics. 

Italy, now that tho emperor was no longer in 
any sense arbiter of her destinies, was falling 
into a state of disorganisation, city warring 
against city, and almost every city having its 
owm knot of exiled citizens wJio wore yearning 
to return to fheir homes and to wTcak vengeance* 
upon i hei r opponents. After a short and glorious 
I'xistencc, tho Italian republics in the thirteen- 
hundreds were falling one by one under the yoke 
of tyrants — in the Greek sense, mast(‘rs of a city 
which had been free — tho Visconti at Milan, 
f he Di‘lla Scala a t Verona, Gastracaui at Lucca, 
and so forth. Florence, the great (Uiolf city, 
it is true, was still free, though sorely tossed by 
faction, and Venice, that marvel of aristocratic 
stato(;ra ft, had naught to fear in tho way of 
tyranny from her curbed and muzzled Doges. 

Government by Hire of the Free Com* 
panies. But elsewhere the Republicanism 
which hud largely provail(*d in Italy under the 
ihcorcticul rule of the Franconian and Swabian 
cmperoi’s was giving place to a form of govern- 
iiK'nt w'hicli was not feudalism, still less con- 
stitutional monarchy, but tho irresponsible, 
unlimited, ofi(‘ii cruel (forerno (Vun solo. In the 
States of the C’liurcli turbulent barons alternated 
with turbulent democracies, and both, as oppor- 
tunity olfered, availed themselves of tho assist- 
ance of those predatory bands of soldiers, repro- 
senliug no nationality and responsible to no 
sovereign, who were called condottieri, or free 
rompanies, and who were, unfortunately, to a 
largo extent tho outcome of the long and de- 
vastating wars of the Plantagcnets in France. 

The Noisome Pestilence. In addition 
to these troubles camo the terrible scourge of 
the Blac^k Death — perhaps the most awful 
pestilence that the world has ever seen, which 
from 1346 to 1368 swept over Europe, destroying 
in some regions as much as two-thirds of .tho 
population, and, on an average, of the whole 
probably not less than a quarter. From those 
varied causes the condition of Italy in the 
middle of the thirteen-hundreds was doubtless 
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a sad one; and it is not perhaps surprising that 
the pope and his cardinals, for the most part 
Frenchmen, should have preferred the splendid, 
semi-regal fortress-palace of Avignon and their 
luxurious villas by the Rhone in beautiful 
Provence to the fever-haunted streets of alien 
Rome. For a short time it seemed as if . the 
great absentee landlord would lose his hold 
upon the property from which he took his title. 

The Meteoric Rienxi. The splendid 
dreamer Nicolas Gabrini, who is known to 
history by the name of Rienzi, musing on the 
miserable state of Rome, agitated as she was 
by the faction fights of turbulent nobles, and 
comparing it with the calm majesty of the old 
Roman Republic, as revealed to him by in- 
scriptions in the Forum, and interpreted by the 
pages of Livy, decided to call his fellow-citizens 
to revolt, and assumed tho historic title of 


scandal of the Forty Yt^ars’ Schism. Under 
the earnest pressure of the public opinion of 
Christendom, as represented by sueli enthusiasts 
as Catharine of Siena, Pope Gregory XI. returned 
to Rome for a visit, which proved to be a fare- 
well visit, for he died thei’o early in 1378, Where 
the pope died, there must the Conclave be held. 
The cardinals assembled in Romo to choose a 
new pope, appalled by tho furious shouts of 
the populace, who demanded a Roman, or at 
least nn Italian, [)ope, went outside their own 
college — more than half of whom were French- 
men — and elected Bartolommeo Priguani, an 
Italian of low origin, but skilled in the canon 
law and famed for his pi<‘tv, who took tho title 
of Urban VI. 

A Mob«made Italian Pope. Tho 

humble monk, w'hen raised to the papal throm*, 
develoi)ed qualities of insolent and ferocious 
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Tribune (1347-1349). He was marvellously 
successful for a timi* ; the ijroud nobh^s, th(‘, 
Orsini and tho Colonnas, were aw^(*d into silence 
and submission, and the papal legate found it 
expedient to be a humble i^artner in tho tribune’s 
administration. But Rienzi’s record in history 
is essentially meteoric. As a meteor he biii’st 
upon Europe ; as a meteor he fell, tho victim 
partly of his own vain, unstable character. If 
he had possessed the brave, modest nature of a 
Garibaldi, he might, perhaps, have changed the 
course of history and re-established, half a 
millonnium ago, the Roman Republic. But ho 
w'as only Rienzi, and his meteor-light left tho 
sky dark behind it. 

The Pope’s Return to Rome. Tho 

Seventy Years’ Captivity at Avignon, itself 
somewhat of a scandal, died out in the greater 


pride, some of thc^ manifestations of w^hich seem 
to indicate a vein of lurking insanity. Tho 
luxurious and high-born cardinals found them- 
selves restricted to oiu^ dish at dinner, and heard 
their new mastc^r bellow at them such courtesies 
as : “ You have talked long enough,” “ Hold 
your tongue,” and so forth. Worst of all, tho 
pope declared his intention of remaining in 
Rome, and was about to make a large <,‘reation 
of Italian cardinals in order effoctually to bar 
the w^ay of a return to Avignon. 

Rival Popes — Both Wanderers. At 
this, . a large party of cardinals, chiefly 
Frem^hmen, broke away from their allegiance, 
declared the (^lection of Urban invalid, as having 
been made under duress from the Roman mob. 
and elected as pojie the high-hom soldier-cardinal 
Robert of Geneva. He took the nauu‘ of Clement 

2157 


OROUP 7— HISTORY 


VII., and oro long found hi« way back to Avignon, 
and, though with diminished splendour, kept 
high court there, like the six i^opea before him. 
His rival remained in Home, «r, when frightened 
fchcnco by the turbulence of the mob or by tho 
soldiers of tho Queen of Naples— with whom, 
though Neapolitan born, ho had continued to 
quarrel — ho took up liis abode at Genoa, at 
Lucca, at Perugia, at any Italian city which 
could give him a constrained welcome. 

National Cleavages for the Rival 
Popes. Tho chief Pow(‘rs of Europe ranged 
thonisolvcs under one or 
other of tlui rival banners. 

Northern Italy, (jlcrmaiiy, 
and England were in obedi- 
ence to Urban VI. Prance*, 

Spain, Scotland, and Naples 
were in obedience to 
(.'lemont of Avignon. 1 i w ill 
be seen how large, a shan* 
national quarrels ha<l in 
delermining oeolesiaatieal 
partisanship. Franco, of 
course, took tho sitfe of Ihe 
p()()e who ha.'kcrt^d after 
lileaaiint Avignon ; Germany 
and England, as fo(‘.s to 
Franco, took't he side of his 
rival; Scotland, as deadly 
enemy to lOngland, followed 
tho I(*ad of France. 

Willing to Forgive, 
but Not to Submit. Tho 

schism thus begun lastc'd, 
as lias been said, for nearly 
forty years. When Clement 
VII. di(‘d, in September, 

1394, a successor to him 
was chosen, who look tho 
title of Henodiet XJIl. To 
Ids rival, who had died live 
years before, three popc's in 
succession w(?ro elected by 
tho Italian earclinals, the 
last of these being the oeto- 
genarian Gregory XII. 

(1400-1417). At Cae'h elec- 
lion the same professions of 
earnest desire to end the 
stdiism w'^ero clamorously 
nqx'ated, and each suceessive jmntifE expressed 
lus Avillingiiess to abdicate if his rival w^ould do 
“T would abdicate,” said Benedict 
A 111., before lus eh‘ctioii, “as easily as I take off 
my ha!. “1 long for a eouference which shall 
restore umiy,” said ihe venerable Gregory XII, 

11 there is not a galley to take me to tho iilaco 
of mcelmg, I will go in a tishing-boat If horses 
tail for the land journey, T will take my staff in 
mv hand and will go on foot.” But practically 
all yearning aft ta* conciliation and compromise 
K'soIvcmI itself into a willingness to accotit tho 
iiiicouditionul surrciKlcr of the opponont. Kach 
pope would Rraoiously allow tho auti-popo to 
Ki^ his foot, but was invincibly resolved not to 
perform tho converse operation. 
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Three Rival Popes at Once. Tho 

anarchy of the Church reached its climax when, 
at the Council of Pisa in 1409, both the rival 
))opes were called upon to resign, and a devout 
Franciscan friar was eleotod in their stead, under 
the title of Alexander V. But the existing popes, 
though formally deposed, refused to accept theii 
deposition, and it was soon evident that tho 
council, instead of ending the schism, had only 
widened it by adding a third pope to the list. 
More dreadful was the entanglement when, after 
tho short poniilicato of Alexander, the tiara was 
bestowed upon a man who, 
though a cardinal, was littlo 
better than a general of con- 
dottieri, Baltasaro Cossa, 
who took tho title of John 
XXIII. The well-meant 
oiideavoiii*s to end tho schism 
had but ended in the election 
of one of the most disreput- 
able pontiffs who ever sat 
in the chair of St. Peter. 

The Stupendous 
Council of Constance.^ 
The extraordinary evil called 
for an extraordinary remedy. 
This w'as none other than 
the far-famed Council which 
assembled at Constance 
under tho presidency of 
Sigismund, last emperor of 
tho House of Luxemburg, 
aud which sat for three 
years and a half — from 
November, 1414, till May, 
1418. The assemliling of this 
council— at which 29 car- 
dinals, lhf‘eo patriarchs, 33 
archbishops, and 2400 other 
oeclesiasl ies from all parts 
of Europe^ w'ero present, be- 
sides 100 dukes and earls, 
2400 knights, and 110 ro- 
presentatives of cities— w'as 
one of tho greatest events 
of the Middle Ages. Had it 
corresponded to the jubilant 
expectations formed of it, 
the Council might have been 
their glorious tinalo. 

Three Obstinate Old Popes Deposed. 
Much liad been hoped for from the assembling 
of so many grave and learned men, especially 
in the reformation of abuses which, in tho course 
of ages, had crept into tho administration of 
the Church. What was accomplished? Tho 
obliteration of the three obstinate old mon, 
each of whom persisted in calling himself the 
Vicar of Christ, and the election in their stead 
of a callable and respectable Italian noble of 
the House of Coloima, who took the title of 
Martin V. This was a wise and statesmanlike 
act, though some think that even after the lapse 
of three years the Council showed undue haste 
in electing a pope before, instead of after, 
passing t^oso measures of reform which became 



THE EMPEROR SIOISMUND 



THE POPE WHO TORTURED HIS CARDINALS 



URBAN VL, UEABINQ OF A PLOT AMONG Ill» CARDINALS, SOUGHT TO EXTRACT INFORMATION BY 
TORTURE^ WHICH HE ENCOURAGED jlt RECITING HIS BREVIARY OUTSIDE THE TORTURE-CTIAMBER 
Reproduced liom the painting by Uie lion. John Collier, by pcmilsHlon of the artist. 2159 
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practically unattainable after it had given itself 
a master in the person, of Pope Martin. 

Two Devout Protestants Burned. 

Xot so wise or so staiosmaiilike wore the acts 
by which the Council sought to demonstrate its 
ow'n orthodoxy — tlio burning of John Huss and 
.Terome of Prague, two devout and learned 
Bohemians who, in the spirit of Wiclif, and 
partly in consequence of his teaching, had 
defended what would now ho called the Pro- 
testant position against the media? val papacy, 
in the case of Huss, this murder was especially 
to be condemned, as he had ounio to Constance 
of his own free will, trusting to a safe-conduct 
which he had received from the emperor. Of 
this fact he remincled Sigismund when ho stood 
l)eforo his tribunal to r(‘ 0 ('i\e lii.s condemnation, 
and it is said that the emperor blushed with 


Basic, Ferrara, Florence, each had its council, 
the first defying the pope, and even renewing 
for a time the misery of the schism, the second 
and third working with the Roman pope and 
effecting a short-lived reconciliation ^between 
the Latin and Greek Churches. But all ended in 
a re-establishment, apparently on a firmer basis 
than ever, of the ])apal supremacy ; and oui 
fourth period closes with the pontificate of 
Kicolas V., a lover of peac(\a lovcu* of the arts, 
and one of the best of the mediicval pontiffs. He 
is said to have died of grief on hearing of the 
fall of Constantinople. 

The Importance of the Papal Ques« 
lion. Let it not be thought that in this brief 
sket ch too large a space has been given to ecclesi- 
astical affairs. The history of the papacy in th(^ 
centuries that we have been lately traversing 
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sliatric. Practically, a pope elected and two 
li(‘i(‘fics burned wore all the outcome of this 
memorable and long-labouring (.Council. 

Advisory Council or Monarchical 
Pope ? Underlying the discussions on temporary 
points of policy at the (Council of (Constance w^as 
the im])ortant question of the constitution of the 
( lunch. If the power of an oocumenical council 
could bo niaguitiod, if its sittings could be 
lepcalcd at short and regular intervaLs, if it 
<a)uld bo made impossible for the pope to take 
any important 8te[i without its advice, the 
constitution of the Church would become 
aristocratic ; if Martin V. and his successors 
could suoccMxl in negativing the proposals, 
and could keep the papacy on the lines on 
W'liich it had moved from Hildebrand to 
Boniface, it would remain monarchical. The 
second alternative event was that which actually 
happened. Council after council was held during 
the thirty years after the Co\incil of Constance ; 
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is really central in the history of Europe. 
Financially, the enormous drain of bullion tom 
Romo or to Avignon, in order to meet the 
d<‘mands of the papal tax-gatherers, diverted 
the course cf commerce, created the profession 
of bankers, sometimes helped and sometimes 
hindered the struggles of English Parliaments 
with their kings. And in the purely political 
domain, in the war of dynasties and the collision 
of nations, the papal question played a most 
important part. Anyone who studies the history 
of Naples, of Florence, of Milan, of Bohemia: 
and of Hungary, or reads the story of the wars 
between England and France, will find his steps 
continually dogged by the Seventy Years* 
Captivity and the Great Schism. It is worthy of 
note that Agincourt was fought in the first year 
of the Couiunl of Constance, arid that, in the 
interests of his schemes for papal reform, Sig- 
ismund tried to arrange a truce between France 
and Engjipod. THOMAS HODGKIN 
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Stability Against Overturning and Crushing. Boundary 
Walls. Buttresses. Retaining Walls. Surcharged Walls. 

THE STABILITY OF WALLS 


General Principles. The simplest case 
of the stability of a wall will occur when the 
wall is considered to overturn by pressure on 
one face without crushing the edge, which acts 
as a fulcrum. This can happen only when 
the total weight of the wall is very small. It is 
usual to consider one foot of the length of wall, 
as every foot will be similar, except in the case 
of walls with buttresses or counterforts. In 
1 is t hown the .section of a w'all, ABCD, of 
weight w jxjr foot cube, height /*, thickness t, 
total weight W, acted upon by a pres.suro p p?r 
square foot against one face, giving a total 
pressure V. Then W — whit acting at the centre 
of gravity of the wall, and P - pA, aeding at 
the centre of the height. Produce P through 
the centre of gravity of the wall and drop VV 
from the same point, then find the resultant of 
the two forct^s by means of the parallelogram of 
forces. So long as the resultant cuts the base 
lino within the wall, the wall Avill bo in stable 
equilibrium ; but should the resultant cut the 
base outside the w'all, the wall will ovtndurn. 
To find the maximum pressure per square foot 
for equilibrium, 

: wht [ \ U : ph. 

whemie, 

, wht X .o 

or, 


From this equation it will be seen that the 
stability varies directly as the weight pi'r cubic 
foot and as the square of the thickness, and in- 
versely as the heiglit. It jnu.st be observed 
also that the moments of the forces are equal — 

P X \1i -r W X IL 

There is another possible mode of failure with- 
out crushing, and that .s by ]nishing the .wall 
off its base, d’his may happen if the wall is 
very thick compared with its heiglit, and the 
pressure against the face is sufficiency great to 
cause the wall to slide without overturning. 
The coefficient of friction of fresh mortar may 
be taken a^^ 0-5, so that wdien P — .JW and the 
resultant cuts t he outer edge of base, the tendency 
to overturn or slide will be equal. 

lAstribution . of Pressure on Base of 
Wall. A wall of rectangular section, built 
upright, and subject to its own w'cight only, 
produces a uniform pressure over the base, because 
the resultant meets it in the centre, as shown in 
2. 1'he diagram at bas:^ ni wall represents 
the ordinates of pressure. If a pressure acts 
against the wall horizontally at ally point, the 


amount of total vertical load is not altered, 
but the re.sultant, or centre of pres.suro on the 
base, is pushed further over, causing an increase 
in the intensity on the outer <'dge and a reduction 
on the inner edge. If the horizontal pressure be 
sufficient to push the resultant over to the edge 
of the middle third of the base, as shown in 3, 
the pressure will be increased to double at 
the outer edge and reduced to nothing at the 
inner edge. A waill under sueli conditions is 
generally considcn‘d to be absolutely safe, but 
it may not be really so, as tlie height, and eons«'- 
quently the wxu’glit. may be sf) great that doubling 
the pressure on the outer edg(? may produce a 
greater intensity than the material is capable 
of bearing. On the otlier hand, tlie resultant 
may pass l)oyond the midJle third and the inten- 
sity of pressure still not be so groat as to exceed 
the safe stress upon the niaii*rial. 

Resultant Beyond Middle Third. 
When the ro.snltant pas.sos beyond the middle 
third of the base, there arc* two cases to consider — 
one where the material will not bear any tension, 
and the other where tension may ))e allowed. 
Taking the- former case, and assuming that the 
resultant pas.ses at one -fourth the width of base 
from the outer edge, the maximum pressure in 
tons per square foot wall be 




where W = total load in tons, and d = distance 
from resultant to outer edge in foot. Graphically, 
the triangle giving the ordinaft^s of pressure will 
be carried l>ack along the bas(^ twice the distanei^ 
d from the re.sultant towairds the inner edge, 
and the remainder of the base will lx; under no 
pressure, as in 4. Tlii.s formula is duo to 
Professor Crofton, of the Royal Military A(avd(?niy, 
Woolwich, and is generally acceptcxl tas giving 
a true result, although there are other pos.'^ihlo 
view's of the case. 

When tension is permissible, the maximum 
pressure at outer edge and tension at inner edge 
are given by the formula 


P' 


W . M 
A A 


w'hero W is the vertical component of the resul- 
tant, A the sectional area of the base, M the bend- 
ing moment — i.e., 

W(j^-d), 

and Z the modulus of section — 

It; 

the -I- value giving the intensity of the com- 
pn^ssion and the - value the intensity of the 
Uaision, a.s «hown in 5. 

Boundary Walls. A boundary wall when 
newly built will come under the mlo for 4 , 
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but when the mortar has set it will bo to the rule 
for 5. The safe proportions for thickness 
and heights of boundary walls are given in the 
following table. 

Safe PuoroimoNs foh Boundary Walls. 

9 in. Up to 6 ft. 4i in. high. 

14 ,, . « 0 ft. 7.2 in, 

18 .. „ 13 ft. 0 in. 

23 16 ft. G in. ,, 

27 ,, . . -0 ft. 4i in. „ 

Stability of Buttresses. A buttress 
may be calculated as part of a wall, in whicli 
case th(^ length is taken to include one 
buttress and the wall f<'r half the distance 
towards the o<h(‘r buttresses on each side. 
Thi.s is, liowcv(‘r, rather a troublesome calcula- 
tion, and a buttress is often calculated by 
itself, especially when it is a large one to take 
the thrust of a roof truss, as with public halls 
and churches having hammer-beam trusses. 
Th(^ thrust upon each part of a buttress and the 
weight above the horizontal line for which the 
calculation of stability is made, arc combined 
in a parallelogram of forces ; but it will first 
be necessary to Hnd the vertical line through 
the nuuin centre of gravity. This is most easily 
done by marking the centre of gravity of each 
part, as in 6, and drawing force-lines through 
the points to meet the base. The weight of 
each part may ho tak(m as acting through it» 
centre of gravity tej give the value of each 
force, and then, the load line [7]. being drawn, 
a pole is .st*leeted and vectors drawn from the 
points on the load-line to the polo. The force- 
lines in 6 may then be drawn down on to a 
separate lin(\likca beam [8|, and the funicular 
polygon (lonslrucled by drawing lines parallel 
to the V(‘ctors, wlu'n the intersection of the 
closing lines A and 1) giv(*s llm position of the 
mean centre of gravity. 

Another method of finding the mean centn? 
of gravity of any number of separate pai ts is 
shown in 9. First mark the ctmtre of gravity 
of each part A, B, and (^, then join A and B and 
at any angle draw a line upon which the weights 
of A and B are tx) be set ofT to scale in itiverse 
order, as showai by ha, join the extremity with 
B. and at the junction of a and b draw a parallel 
line to out AB at the mean (centre of gravity. 
Join this with f)oint C and repeat the operation 
as indicated, when the mean centre of gravity 
of the whole figure will be obtained. Applying 
the.se pjinciples to an actual buttress [lOj it 
will he necessary to ascertain the stability at 
<‘ach minimum section, thus, at A and B, Find 
the centre of gravity of the portion above A, 
and then of the part between A and B. Taking 
the part above A, first combine by parallelogram 
of forces th(‘ thrust and the weight to give the 
Hisultant shown, w'hich is found to cut the 
base just within the middle third; then, pro- 
ducing this resultant, combine it with the next 
fhrust to produce another resultant. It will 
be well to reduce the scale wherever necessary 
to prevent the parallelogram becoming unwieldy, 
as in this cose. The last resultant will now be 
combined with the new weight and a new result- 
ant will bo found which also cuts the base just 
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about the edge of middle third. This will show 
that the buttress is safe provided the intensity 
of the pressure bo not too great. This pressure, 
wuth the re.sultant at edge of middle third, will 

be = 2 X w here W is the vertical component 

of the resultant and A the area of base. 

Stability of Retaining Walls. A 

retaining wall is a wall of brick, stone, or con- 
crete to hold up the earth -at a change of level, 
as in a raihvay cutting through a town where 
there is not sufficient space available to allow 
of side slopes being formed. The pressure of 
the earth depends upon its natural dope — that 
is, the slope it would permanently retain if a 
bank of it wc?rc left exposed to the weather for 
an unlimited time. It may be taken generally 
as .30 degrees from the horizontal when the 
conditions arc unknown, but the following 
table show's the natural slopes for ordinary soils 
as given by Ilankine : 

Table of Natural Slopes. 

Degrees. 

Dry sand, clay and mixed earth . . 21 to 37 


Damp clay . . . . . . , . 45 

Wet clay . . . . . , . . 14 to 17 

Shingle and gravc'l . . . . . . 35 to 48 

Peat . . . . . . . . 14 to 45 


This angle is Homotimc‘s c.allod the angle of 
refx)se, but it means tlie sanu^ thing, as in the 
following table from “ Notes in Building Con- 
struction,” V\>1. IV.: 


AN(iLB OF Repose of Various Earths. 


Fine diy sand 


Degrees. 
37 to 31 

Sand, w’ct 


26 

Vegetable earth, dry 


29 

,, ,, moist 


45 to 49 

,, ,. very w et . . 


17 

„ ,, consolidated 

and 


drv 


49 

Loamy <’arth, consolidated and dry 

40 

I'lay, dry 


29 

,, damp, well drained . . 

, , 

45 

., wet 


16 

Gravel, clean . . . . . , 


48 

„ with sand 

, , 

26 

Loose shingle . . 


39 


Everyone know's by personal experience that 
an overturning pressure may be most easily 
resisted by leaning against it, and the principle 
holds equally w'ell with retaining walls. A wall 
to resist the pressure of earth will need less bulk 
in proportion as it can lx; leaned against the 
earth. The reason is that the centre of gravity 
is throw'n further back, so that the weight of 
the wall acts w'ith greater leverage. The 
usual form of section is shown in 11 , and the 
mode of working to ascertain the stability is 
indicated by the dotted lines. A given section 
has first to be assumed and then its stability 
determined. The line indicating the natural 
slope according to the material is put on at the 
back of the wall, starting at the level of the 
horizontal section where the stability is to be 
determined. Then the angle between the 
natural slope and the vertical is bisected to give 
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the Vme oi rupture ; ihift may be considered 
as the line of fracture of the earth if the wall 
should overturn, or the primary angle at which 
the earth would stand unsupported, the natural 
slope being tlie ultimate angle after long ex- 
pos\ire to the weather. The wedge of earth 
between the line of rupture and the back of 
the wall may be considered to press against 
the wall without friction. Its centre of gravity 
must bo determined and its weight calculated, 
then, <lropping a v<*rtical line from the centre 
of gravity to meet the line of rupture, a length 
is measured upwards to any given scale to 
represent the weight of one foot run, and from 
the top of this measurement a lino is drawn 
parallel to ‘the line of rupture to cut a hori- 
zontal line from the junction with the line of 
rupture. The horizontal length so cut off 
gives the thrust upon the wall at one-third of 
the total heiglit. Now, the centre of gravity 
of tlui wall must he found and the weight of 
one foot run calculated ; then the thrust of 
earth and lie* weight of wall are combined by the 
parallelogram of forces to give a resultant, 
which in this case outs the base at a di.stance 
of 0 410 ft. from the outer edge. liy the 


formula 


2 W 
:i ■ d 


the 


maximum 


intensity of 


jjiessure upon the outer edge of base is found 
to be 01) ton per foot super. 

Surcharged Retaining Wall. When 
the earth rises higher than the wall by 
reason of a sloping laink above it, the wall is 
said to bo surcharged. Such a wall is shown 
in 12, and the method of finding the thrust is 
as follows. Tlaving drawn to scale the assumed 
sc'ction of wall anti the vAxrih at back, produce 
the line of slope of surcharge indefinitely through 
the wall, and from point A set out the angle (1 
e([ual to the natural slope of earth. Produce 
this line to cut tht^ continuation of slope of 
surcliarge in point J3, then tin* horizontal thrust 
in pounds at point C, which is one-third the 
height of back of wall, will be J?e(AH)% where 
w - weiglit of earth in pounds per cubic foot, 
and A B — length in feet, then .J x 1 12 x 9'8- 
- say, 5,380 lb. set out as ("D. Next, from D 
draw a vertical lino and from C draw a line 
parallel to the natural slope to cut this vertical 
in point E, then ('E will be the thrust on back of 
wall and will be found to equal about 6,550 lb. 
Producing this in the usual way and combining 
with wt‘iglit of one foot length of wall, the resul- 
tant will be found to cut the base at a distance 
of PI ft. from ))oitit F, then by the formula 
2 W 2x8800 


8 


8 X J I 


say, 5.880 lb., 


or about 2*4 tons per square foot maximum 
compression on the wall. 


Retaining Wall l«oaded at BacK. 

When a %varehouse is built on the earth at the 
back of a retaining wall, or a large crane is 
fixed there, or a line of rails on a roadway runs 
near, the thrust upon the wall will be increased 
beyond that due to the weight of the wedge of 
earth. An approximate method of finding the 
thrust in such a case is shown in 13 . The 
difference from 11 is that an additional thnist 
due to the external load has to be combined 
with the ordinary thrust* as follows: From 
the point of application A of the external load 
nearest the wall draw a line parallel with the 
line of rupture to cut the back of the wall in the 
]K)int B, and from B set out BC horizontal, 
so that the point C is directly under the point 
A ,* next set up CL) equal to the load on point A 
and make DE parallel with the line of rupture, 
then CE will Ijc the amount of thrust due to 
load A acting on the back of wall at point B. 
Combining this with the weight of wall acting 
through its centre of gravity will give the first 
resultant. FG. Next, find the horizontal thrust 
due to the wedge of earth acting at one-third 
the height of back of wall and combine with 
FG, giving the second resultant. IIJ. Then, 
treating the other load on the surface in exactly 
the same way as the load at point A, the horizon- 
tal thrust acting at point K will be LM, and 
eoinbining this with the second resultant, HJ, the 
final resultant, NO, will be obtained, cutting the 
base of wall at a distance of O'O ft. from the 
too P, when, by the formula 


2 W 

.» d 


2 X 72 144 

8x01) 2*7 


58*8 cwfc., 


or, say, 2'G() tons per square foot maximum 
compression on the brickwork. 

Reservoir Wall or Dam. Wlum a wall 
has to support the pressure <ff water the 
same method (»f working as in 11 might be 
adopted, taking the natural slope as Z(’ro ; .but 
it is more usual simply to calculate the pressure 
normal to the back of wall at one-third the height 
as \wK\ where 62'5 lb., the weight of a 
cubic foot of water, and h — the height of wall. 
For high walls the material is ceonomised by 
using a curved batter, so that the rcjsultant of 
thrust passes through the extremity of the 
middle third at ever\ horizont^il section. A 
dam is shtrwu in 14 in three simple stages to 
illustrate the mode of working to ascertain the 
stability. l<or a plain wall with straight batter 
the thickness at base may be approximately 
seven -tenths of the height. The section of the 
Vyrnwy dam is shown in 16 , with particulars 
of the loads and thrusts. This is of special 
interest owing to its magnitude and the successful 
manner in which the whole of the works were 
executed. 


HENRY ADAMS 


A Dictionary of Technical Terms used in Civil Engineering appears at the end of the 

Self-Educator 
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GROUP 9-LITERAT URE ■ THE IMPERI SHABLE REC ORD OF THE MIND CHAPTERrl? 

A Survey from Macaulay to Stevenson, with a 

Glance at Some Writers of the Twentieth Century. 

THE MODERN ERA OF PROSE 

r^AKLYLE's greatest contemporary as an enMayisii Specimen of Macaulay's Style. Wo 
^ and historian was Thomas Babington give as a sample of Macaulay’s style a famous 
Macaulay (b. 1800; d. 1859). Unlike Carlyle, passage from the ‘‘Essay” on Von Ranke (1840): 
Macaulay did not confine his labours to the desk. ” The Catholic ('hurch is^ still sending forth to 
He was a public official and a imunbt'r of Par- the farthest ends of the world missionaries os 
liarnont as well as a man of letters. After a zealous as those who landed in Kent with Augus- 
can^ful education, he became famous at the age of tin, and still confronting hostile kings with the 
twentydivo as the writer of an essay on Milton same spirit with which she confronted Attila. 
in the ” Edinburgh R(?view.” In f his Review all The number of her children is greater than in any 
his best -known ” Essays ” ap])i‘ared, if we except former age. Her acquisitions in the New World 
the biographies of AH('rbiir 3 % .Bunyaii, Gold- have more than eonip<»nsated for what she has 
smith, Johnson, and Pitt, which were con- lost in the Old. Her spiritual ascendency ex- 
tributed to the ” Eneyelopiedia. Britannica.” lends over thc^ vast eoimtries which lie between 
The ” Essays ” an^ rich in applied knowledge, the plains of the Missouri and Cape Horn, coun- 
drawn from the exeepf ionally retentive nuimory tries which, a century hence, may not improb- 
of an omnivorous reader. The judgnuints they ably contain a poj)ulaf ion as largo as that which 

contain, where tliese are not alTeeteil by the now inhabits h^urope. . . . She saw th(^ 

author’s Whig sympathies, are usually sound. eomrnenceinerib of all the governments and of all 
Eor a parallel to their diversity of subjeel- the ecciesiastieai establishments that now exist in 
matter wo must go to Landor’s (V»nv(‘rsa lions.” the world ; and wo fool no assurance that she is 
The Brilliancy of Macaulay. But destined to se(^ the end of them all. She was 

Macaulay was essentially a popular writer, "-nd respected before the 8axoii had set 

one whose purpose was to think for liis readers fool' on Britain, before ilie Frank had passed tin? 

and to leave nothing to chance. Whole genera- Rhino, when Grecian eloquence still flourished 

tioiis may be said to have been nurtured on his io Antioch, when idols were still worshipped in 
writings. His influence will always be consider- temple of Meeea. And she may still exist 

able both as a stylist and as a historian, though he in uudiminished vigour when somi^ traveller 
will require to bo edit(‘d wi h some care. Tho ^rom New Zealand shall, in the midst of a vast 

“Essays” on Warren Hastings and John solitude, take his stand on a broken arch of 

Hampden, for (‘xarnplo, are both baaed on London Bridge to sketch the ruins of St. Paul’s. ’ 
inaccurate data. His great quality is elearne.ss Carlyle's Contemporaries. Jojcx 
of diction, which he shares with Cobljett ; Steblcng (b. 1800; d. 1844) was greater as 

but his use of a suc<;cssion of short senU*nei‘s, a literary influence than as a wriU^r. But 

while flattering to the eye, is not invariably was a valued contributor to sev(‘ral n'views ; his 
acceptable to the oar. He is a])i to ovtTburdeti “ Essays and Tales " wore edii(‘d by his fornuT 
his theme with detail. His use of antith<*ses is tutor, J. (•. Hare, and he was for a time pro- 
nisponsible for much <leplorably ineffective j)rietor and editor of the “ Athemeum,” and 
imitation. He nmiains, withal, a brilliant writer, founder of that once famous literary circle the 
but, being brilliaut, is hard. What he gains in Sterling Club. Richaro Giienkvix Trench 
glitter he misses in emotion ; he does not delve (b. 1807 ; d. 1880) was an indefatigable pbilo- 
very deeply into the heart of things ; but without logisi, whosi^ “Study of Words” and other kin - 
his aid many men and women of average insiglit dred books have proved wort liy of bringing up 
and ability would never have been able to see so to date. William SrALniNO (b, 1809 ; d. 1859) 
far or so well as they have seen. was a contributor of Shaikespearoan articles to 

In this connection the educative value of “ Edinburgh,” and wrote a small “ History 

Macaulay’s writings cannot easily bo exaggerated; *^^f English Literature.” Edward FitzGerald, 
it may be more easily satirised Til the realm « imunber of the Si(Tling circle, is, as a prose 
prose his relation to Carlyle is that of Tenny- writer, best represented by his “ Euphratior : A 
son to Browning in the realm of poetry. It is Dialogue on Youtli,” and his wonderful letters, 
curious to notice that, in judging Scott, both John Brown (b. 1810 ; d. 1882), the author of 
(Carlyle and Macaulay erred, if at all, on tho side some delightful essays entitled “ Horjo Subso- 
of severity ; but it is useful to remember ” (Leisure. Hours). He is easily among the 

that neither of them ]\ad tho “ Journal ” befon^ masters of English i)rose, and his little sheaf 
him. Macaulay has been infinitely happier in his of writings is one of tho most precious in our 
biographer than was Carlyle ; the fine tribute harvest of Literature. 

of his nephew. Sir George Otto Trevelyan, to John Forster (b. 1812; d. 1870) wrote many 
his memory reveals to us a strong family alfection admirable essays in history and biography. His 
for any sign of which the reader might search tho “Life of Dickens” remains the most popular 
“Essays” in vain. of his works. Sir Arthur Helps (b. 1813; d. 

EH0LISH LITERATURE, FOREIfiN CLASSrcOWTOUlNALl^M 
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1876) wrote a series of essays and dialogues 
entiiled “ Friends in Council,” which have 
lost favour. He edited the speeches and addresses 
of the Prince Consort and Queen Victoria’s 

Leaves from a Journal of Our Life in the 
Highlands.” T6 Richard William Church 
(b. 1816; d. 1890) we owe a standard criticism 
of Dante and able studies of Spemccr and Bacon 
in the ” English Men of Letters.” Mark Patti- 
SON (b. 1811); d. 1884), another contributor 
(of the volume on Milton) to this series, wTote a 
” Life of Isaac Casaubon,”’a well-known classical 
scholar who lived in the sixteenth century. 
Compared with his scholarship, Pattison’s output 
was singularly limited, but his life-story is a 
fascinating if sad one. He is mercilessly carica- 
tured as Mr. Casaubon in “ George Eliot’s ” 
” Middlemarch.” Sir Charles Gavan Duffy 
(b. 1810; d. 1903) wrote a charming w'ork 
on “The Ballad Poetry of Ireland.” George 
Henry Lewes (b. 1817 ; d. 1878) founded and 
edited the “ Fortnightly Review,” and did not a 
little to popularise the study of philosophy and 
science. 

Froude and Others. The name of 
James Anthony Froude (b. 1818; d. 1804) is 
the cenf ro of a perfect whirlwind of controversy. 
As a partisan ho excelled Macaulay. His con- 
tentious character colours all he wrote, but his 
“ Nemesis of Faith,” “ Oceana,” “ Short Studies 
on Great Subjects,” and his “ Lectures ” possess 
-a positive, if all but indofinable, fascination for 
most readers. He wrote with a sincerity that 
was almost Carljdean, and his thought fre* 
qiiently soars to heights of undeniable eloquence. 
George BufMLEY (b. 1819 ; d. 1857) was a critic 
u liosc anonymous contributions to “ Fraser’s ” 
and the “ Spectator ” thoroughly merited their 
republicaii('n in collected form. His studies of 
^J’eniiy«on, Wordsworth, Patmore, (Carlyle', 
'J'haekeray, Lytton, Dickens, Kingsley, Wilson, 
justify a for him in literary history, 

Rk’Habd Holt Hutton (b. 1826 ; d. 1897) 
established, with Meredith White Townsend 
(1). 1831 ; d. 1911), the modern reputation of the 
“ Spectator ” ns a review of jmblic life and 
literaturf’. Hutton’s contributions embraced 
politics, lit<*rature, and theology, and Townsend, 
who had livc'd long in Irdia, was an authority on 
Asiatic questions. Walter Bagehot (b. 1826 ; 
d. 1877) wrote brilliantly alike on economics and 
politics, and his literary criticisms have a stimu- 
lating individuality. Henry Morlby (b. 1829; 
d. 1900) did excellent w'ork by his survey of 
English literature for students, and his cheax> re- 
publication of English literary masterpieces. Sir 
iIaMES FlTZJAMEi^ STEPHEN "(b. 1829 ; d. 1894) 
was a brilliant journalist and critic before he 
became a judge and writer on law. Sir Leslie 
Stephen (b. 1832 ; d. 1904), brother of Sir James, 
was a delightful bookman — sec his “ Hours in a 
Library ” — a fascinating Alpinist — sco his 
“ Playground of Europe ” — and the editor of 
nearly the whole of the first issue of the invaluable 
“ Dictionary of National Biography.” William 
Minto (b. 1845 ; d. 1893) wrote much sound 
literary criticism for the “ Encyclopa-dia 
Britannica ” ; and William Ernest Henley 


(b. 1849 ; d. 1903) was a critic, as well as poet, of 
tempestuous individuality and bold initiative. 

The Influence of RusKin. John 
Rusktn (b. 1819; d. 1900) proved a great 
social force as well as a groat critic. Perhaps 
his paramount service in criticism was his 
defence of Turner. He imparted .an incalculable 
imjjetua to the raising of the standard of labour ; 
whatever nature of labour it may be, it can 
hardly be regardtMl without some respect by 
anyone who has come under the influence of 
Ruskin’s teaching. Like (Carlyle, and, in a lessor 
degree, like Froude, Rusk in gloried in tho power 
of imparting and inspiring enthusiasm. He 
sought after the truth with ail the ardour of 
Carlyle, and tho student, of his works will witness 
with mingled feelings how, time after time, ho 
was compelled by his own discoveries to 
relinquish positions he at one time thought to 
be unassailable. 

Ruskin was the embodiment of tho spirit 
of revertmee, and a high j)riest of tho temple 
of beauty. He has opened our eyes to tho 
infinite variety and ohaim of external Nature, 
and even the clouds have a different moaning 
to us since Ruskin wrote about them. His style 
glows with rich colour, and is full of musical 
swcelncss. It is impn'gnatcd with the intluenco 
of Bible study, an influence which, however, can 
bo realis(^d only by those whose knowledge of 
tho Bible corresponds in some measure to 
Rupkin’s own intimate grasp of it. 

What Arnold Taught Us. Matthew 
Arnold (b. 1822 ; d. 1888), in prose, combined 
social with literary criticism. He foretold tho 
fall of the aristocracy, and distrustcKl the middle 
classes, but m\ich that has been written and said 
concoruing his “ contempt for unintellectual 
people” is unjustified, and caused him no small 
amount of disquiet, as his “ Letters ” — especially 
the epistle written to his mother in 1868 — testify. 
As a writer, he had much in common with 
Saintc-Bouve, perhaps the greatest literary critic 
of tho nineteemth century, his standpoint in 
regard to art and letters being in many respects 
morci French than l^nglish. First and foremost, 
hc3 was a scholar, and valued scholarship highly. 
His “Essays in Griticism,” “Culture and 
Anarchy,” “ Litcraturcj and Dogma,” and an 
earlier work, “ On Translating Homer,” are hia 
most widely read books, but there is no com- 
plete edition of his f)ro8e writings, and no 
definite biography has boon written of him. 

JVlr. G. W. E. Russc'll, in his very able bub 
unsatisfying monograph, sums up the indebted- 
ness of his friends and followers to Matthew 
Arnold in these words : “ Wo who were happy 
enough to fall under his personal influence can 
never overstate what we owe to his genius 
and his sympathy. He showed us tho highest 
ideal of character and conduct. He taught 
us the science of good citizenship. Ho so 
interpreted Nature that wo knew her as wo 
had never known her before. He was our 
fascinating and unfailing guide in the tangled 
paradise of literature. And while for all this 
wo bless his memory, we claim for him the 
praise of having enlarged the boundaries of 
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the ChriHiian Kingdom by making the lives of 
men sweeter, brighter, and more humane. ” 

Walter Pater and Others, Pniinent 
among tho other critics who lent divstinction 
to English letkTs in the latte*r part of the 
nineteenth century was Waltkr Horatio 
Pater (b. 1839 ; d. 1894), whoso cxelusiveness 
was akin to that which so long kepf IVlatthew 
Arnold aloof from the average reader, and whoso 
“ Sketches in tho History of tho Il(*naissane('/’ 
“Imaginary Portraits,” and Appreciations ” 
arc marked by an exotic biviuty of style, r(4ine- 
moiit of taste, breadth of culture, and k(‘.cnnes3 
of insight. Into the point of vit^w of Walter Pater 
it is not hcr(^ lU'cessary to enter, but this must 
come into consideration where the pt^rmarn'iit 
value of his work is considered. A similar 
remark is calk'd for in regard to the writings 
of another and a less “ prec ious ” hedonist, 
John Addincjto.v Symonds (b. 1840; d. 1893), 
who also hcl2>od to bring the bright side of the 
Ponaissance, as well as that of Elizabethan 
England, bofon? English readers. Pittlip (Iil- 
BBHT Hamerton (b. 1834 ; d. 1894) wrote, a 
series of letters on “ I’lio Intellectual Lifc^ ” 
which literary aspirants should not negk'et. 
Young people especially should read “ Tho Ideal 
Life,” by Henry Drummond (b. 18.51 ; d. 1897), 
author of “ Natural Law in the Spiritual World,’ 
whoso “ Life,” by (leorgo Adam Smith, is one of 
tho finest, of modern biograjihii’s. 

Great Names in the Modern School, 
Among critics w4ioso work will have a lasting 
value may be mentioned David Masson (b. 1822 ; 
d. 1907), the biographer of Milton, for tliirty 
ypars Professor of Englisli Literature in 
Edinburgh University. His writings on English 
writers — as, for example, De Quincc'V ami 
Ben .Tonson— have added distinctly to the sum 
of human knowledge. 

Alokrnon Charles Swinburne (b, 1837; 
d. 1909), the poiit, wrote much incidental 
criticism, including studies of Shakcspearcs 
Chapman, Ben Jonsoii, and Charlotte Bronte. 
^Though his fervour boeamo lyrical, it often 
expre8.sed fine *insight. Edward Dow!>en 
(b. 1843 ; d. 1913) was a student of French and 
English literature, and his works on Shakesiiearc 
and Shelley in particular have become classic. 
John (^hurton Collins (b. 1848 : d. 1908). who 
at the time of his death was Profi'ssor of English 
Literature at Birmingham University, not only 
published valuable studios in poidry and criticism, 
but strenuously advocated a greater prominence 
for th(^ study of English literatures at the 
universititss. Andrew Lang (h. 1844 ; d. 1912) 
was on<» of the ripest scholars and most versatile 
among the men of leii<*rs of his time. His work 
included unsurpassed translation, pra<dised verse, 
serious lustory, biography, fiction, and a very 
wide range of lit(*rary criticism. Mythology 
W’as his foible. Another critic of varied talent 
and remarkable industry was William Sharp 
(b. 1850 ; d, 1900), and t here is litiu'ary charm in 
tho essays of Richard Jefferies (b. 1848 ; 
d. 1887), while a fine quality marks the essays 
of Alfred Ainger (b. 1837; d. 1904). The li#e- 
work of Richard Garnett (b, 1835 ; d. 1905), 
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biographer and literary historian, should be 
studied as exemplifying the possibilities of self- 
help and the value of adojiting a wide as against 
a narrow and “ specialist ” interest in literature. 

Other Leading Critics and Writers. 
Work of serious value was done by William 
Hatjtbone Greg (b. 1809 ; d. 1881), whose 
pe.ssimiRtic spirit found voice in attractive 
literary forms ; Gold win Smith (b. 1823 ; 
d. 1910), a philosopher and critic, as well as a 
historian; Sin Alfred Lyall (b. 1835 ; d. 1911), 
whose Asiatic studies were marked by distinction 
of thought and feeling ; Lord Avebury (b. 1834 ; 
d. 1913), who proved that a strenuous business 
life, is no bar to the pursuit of literature and 
science; 8tr M. E. Grant Duff (b. 1829; 
d. 1905), tho diarist; 8iR Theodore Martin 
(b. 18lf>; d. 1909), whose “Life of tho Prince 
Consort ” and “ Memoir of Helena Faucit, 
Lady Martin,” are full of human interest ; 
Ju.sTiN McCarthy (b. 1830 ; d. 1912), whose 
“ History of Our Own Times ” and other 
historical sketelu\s comnumded themselves even 
to his political opponents ; Robert Flint 
(b. 1838 ; d. 1910), a professor who dealt boldly 
with the thought of his time, theological and 
jiolitieal ; 8amukl Henry Butcher (b. 1850; 
d. 1910), a scholar witli literary gifts ; Edward 
Cairo (b. 1835 ; d. 1908), the successor of 
Jowett at Balliol, and a notable thinker and 
economist ; and Frederick James Furnivall 
(b. 1825; d. 1910), a 8h a kespcareaii scholar and 
editor of distinction. 

The Men of Today in Literature. 

Positions of exceptional distinction must bo 
assigned to Augustine Birreli. (b. 1850), w^hosc 
suc(;ess in Parliament has only bc'en regretted 
beeausi^ it. has (b'prived tho world of further 
delightful essays ; 8ik Arthur Quiller-Coucii 
(b. 18(>3), who to success in liction and as a critic 
has added great popularity in the (5iair of 
Jjiteraturo at (Tunbridge' ; and to Frederic 
Harrison (b. 1831), who may be said to havf^ 
given to Positivism what was meant for literary 
history, but who has been a stalwart in the battle 
for the extension of university education. His 
“ (?hoiee. of Books and other Literary Pieces ” and 
“ Early Vi(!torian Literature ” claim special noU*. 
in these pages. 

George Edward Bateman Saintsbury (b. 
1845), originally assistant-master of Manchester 
Grammar 8ehool, and, like Masson, one-timo 
editor of “ Macmillan’s Magazine,” and liis suc- 
cessor at Edinburgh University, is the possessor 
of a style as polyglot as his reading. Ho is one 
of tlie greatest of living critics, the author of in- 
numerable handbooks on English and French 
liU'raturc, and of valuable biographies of Drydcn, 
8eot.t., and Matthew Arnold. Theodore Watts- 
Dunton (b. 1836) abandoned tho study of 
natural history and the law for the fields of 
fiction and criticism as well as poetry; in 
criticism he has been one of tho forces of the 
last century. His “ 8tiidi(\s of Shakospean'. ” 
and “ The Renascence of Wonder ” are notable 
productions, but for some of his most remark- 
able work the student must turn to the pages 
of the “ Examiner,” the “ Athenaeum,” the 
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“ Encyclopedia, Britannica,” “ Chambors*& En- 
cyclopedia,” and the leading reviews. Ed- 
mund Gos.se (b. 1849) has given us Lives of 
Donne, Gray, Jgremy Taylor, Coventry Pat- 
more, and vSir Thomas Browne, a (^harming book 
of “ French Profiles,” and luminous studios of 
the .seventeenth and eighteenth centuries. With 
Mr. Gosse must be associated Austin Dobson 
(b. 1840), wdK).se “Eighteenth Century Vig- 
nettes ” and studies of Steele, Goldsmith, Wal- 
pole, Hogarth, Richardson, and Fanny Burney 
possess much of the quality of 8inc<u*ity, scholar- 
ship, and feeling which characterise his poems. 
Stopfohd Auoustus Brooke (b. 1832) has made 
generations of young students his debtor by a 
consummate “ Primer of English Literature.” 
His more bulky works include a History of 
English Poetry to the Acce.ssion of yElfre<l, 
” English Literature from the Beginning to the 
Norman (^onqut'st,” “ English LittTature from 
A.D. 070 to A.D. 1832,” a volume of vividly 
written studies “ On T(‘n Plays of Shakc^speare,” 
the ‘ Life and Let ter . s of Frederick William 
Robertson,” and studies of the poems of both 
Tennyson and Browning. 

Professors of Literature and Poetry. 
“ Nhakespearean Tragedy,” hy Andrew (Vxtl 
Bradlky (b. 1801), who has been Professor 
of English Poc'try at. Oxford, should be read. 
A former occupant of this honourable Chair, 
Wtr.T.iAM John Couhthope (b. 1842), has pub- 
lished an exhaust iv(^ “ History of English 
Poetry ” in six large volumes. Mr. ( V)urtho[HN 
whose aim has been to “ use the facts of political 
and .social history as keys to the poet’s meaning, 
and to inaki^ poet ry clothe with life and ehar- 
act(;r the dry record of external facts,” wrote 
in 1885 a sugg<‘.stiv(^ scries of essay.s on “The 
Liberal Movement in English Literature.” His 
Oxford lectures, “ Life in Poetry : Law in Taste,” 
his admirable monogra})h on Addison, and bis 
“ Life of J’ope,'’ written for his standard edition 
of Po]je’s work.s, are of permanent value. 

Sir Walter Ralekui, who is Profes.sor of 
English Literature at Oxford, i.s th<‘ author of 
several works which may be commended for 
their vigour and the brilliant imagery of their 
style a.s well as for tlieir high educational 
value. We refer to the “English Voyag<‘S of 
the vSixtecntli (kaitury, ’ his .studies of 8tevcnsou, 
Milton, and Wordsworth, a charming book on 
“ Style,” and his handbook to “ Th(‘ English 
Novel.” Sir Frederick Wedmore (b. 1844) is 
an acute critic of letters as well as of art- - 
witnes.M hi.s “ Life of Balzac.” 

Hefertmce must be also inadj^ to the chatty 
books by George William Erskine Russell 
(b. 1853), and to the literary and philoso pineal 
reviews of William L. Courtney (b. 1850). a 
.worthy successor to G. H. Lewes as editor of the 
“ Fortnightly Review ” ; to Violet Pa<jet (“ Ver- 
non Lee ”) (b. 1850), whose “ Renaissance 

Essays ” are full of charm ; Alice Meynell, 
whose essays, “ The Rhythm of Life,” were at 
once hailed as “ classical ” ; M. E. Betham- 
Edwabds (h. 1830), who has done so much to 
explain French life and thought to English 
readers;. Sir W. Robertson Nicoll <b. 1851), 


whose work as editor, essayist, critic, and theolo- 
gian is informed with an individual style, genuine 
love of books, knowledge of life, and scholar- 
ship ; H. G. Wells (b. 1800), a novelist hy 
compulsion, whose “ Mankind in the Making ” 
and “ A Modern Utopia ” prove him to b(' a 
psychologist l»y nature; William Romajne 
Paterson (“Benjamin Swift”) (b. 1871), of 
whom the same may be said by virtue of his 
remarkable e.ssay “ The Eternal (\)nfliet “ ; 
William Hurrell Mallock (b. 1849), a t hough! - 
ful student of soeial eeonomics ; Richard leGal- 
LiENNE (b. 1800), a true bookman, and a critic 
who unites sound judgment with grace of style ; 
Gilbert Keith Chesterton (b. 1873), beneath 
w'hosc love of paradox is discernible the light of 
a far- .seeing int(*llect; J. G. Frazer, of “ Golden 
Bough ” fame ; R. Seeboiim Rownthke, who 
has written on .social economics; (J. W. Saleeby, 
a. pione(‘.r of eugenics ; Clement King Shorter 
(h. 1858), author of “Chailotte BrontC and her 
(Urcle ” and “ Sixty Years of Victorian Litera- 
ture ” : Henry Havelock Ellis (h. 1859) ; 
Edward Carpenter (b. 1844) ; Sidney Webb (h. 
1859); and Sir Lai'rence Gomme (h. 1853). 

Robert Louis Stevenson (b. 1850; d. 1894) 
has been deseribt‘d h.s “ the hajipiest master 
of vagabond discf)urso in the whole of the 
nineteenth eentury.” He travelled directly 
for his health's sake ; the indirect benefit of 
his travels to Engli.sh literature it is dilficult 
to over-estimate. He began as an essayist, 
and his chief prose works, apart from fiction, 
ar(‘ “An Inland Voyage,” “Travels with a 
Donkey in t he Cevenne.s,” “ Virginihiis Ihu l is- 
<pie,” “ Familiar Studies of Men and Books,” 
“ Me ‘mories and Portraits,” and “ Across the 
Plains.” He won fame first as a writer of 
romance, and then, turning to the hitherto 
almost neglected ]>ros<' essays, the public found 
in them the most intimate and delightful self- 
revelations of a winning personality. 

The Prose Style of “ R. L. S.” 
Stevenson's style is the outcome of infinite 
labour ; it is not a style that could !>»' copied wjth 
profit, but the young with a>spira<.ions 

should read all the books we have named. “ In 
an ag<^ of journalism,” says Professor Rah'igh, “ of 
barren repetition and fruitless expat iation, it is 
high [iraiso to give even of a great prose writtT 
to .say of him that lie never proses. This praise 
is due to St('ven.son ; hia chis('I, which rang in the 
workshop of many masters, was always wiekh'd 
under flie direction of a marvellously quick 
eye, by a hand that gathered strength and 
confidence every year. He has loft no slovenly 
work, nom* that has not an inimitable dis- 
tinction. and the charm of expression that 
belongs only to a rare spirit. If the question 
be rai.sed of his eventful place in the great 
hierarchy of English writers, it is enough to say 
that the tribunal that shall try his claims is not 
yet in session ; whtai the time comes he will Ixs 
summoned to the bar, not with the array of 
contemporaries whose names a fooli.sh public 
linkcnl to his, but with the chief prose writers 
of the century, few of whom can face th(^ trial 
witli k'ss to extenuate and less to conceal.” 
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Wo have now noted most of tho important 
prose- writers of the nineteenth century, but 
there remain a good many names which call at 
least for mention, and, without endeavouring to 
compile a complete list of these, we shall indicate 
as many as jwssilde in the bibliographical sum- 
mary with which we bring this section of our 
study to a close. 

Notable Books of Biography. The works 
of some of the chief biographers and historians 
of the nineteenth century have been referred to 
already. Tn the held of biogra]»hy the following 
books are generally admitted to be of permaiu^nt 
value : Southey’s “ Nelson " ; Lockhart’s 

“ Scott ” ; Lewes’s “ (h)c1ho ” ; (brlyk^s 
“ Sterling ” ; Fronde’s “ Carlyle ” ; Stanley’s 
“ Arnold ” ; l^orster’s “ Dickens ” ; Milman’s 
“ Cibbon ” ; Mrs. Gaskell’s (hiarlotte Bronte 
Trevelyan’s “ Macaulay ” ; Masson’s ‘‘ Milton ” ; 
Spedding’s “ Bac(ui ” ; Sidney Lee’s “ Shake- 
speare ” ; Gifford’s “ Ben Joiison ” ; (Jross’s 
“ George Eliot ” ; Dowden’s “ Shelley ” ; 
Martin’s Prince Consort ” ; J. W. Maek- 
ail’s William Morris ” ; John Morloy’s “ Vol- 
taire,” “ Jlousseau,” and “Gladstone”; Lord 
'rennyson’s “ Life ” of bis father ; and Sir E. T. 
C( ok's “ Life of Ruskin.” 

History. History bulks largely in the])eriod 
under review. The eliiof works on English his- 
tory are Hal lam’s “ Const itutional History of 
England”; Lingard’s “History of England 
to 1G88 ” ; Macaulay’s “ History of England 
from the Accession of James II.” ; Carlyle’s 
“ Cromwell’s Letters and Speeches ” ; Froiule.’s 
“ From tho Fall of Wolsey to tho Defeat of the 
Armada ” ; Green’s “ Short History ” (the best 
of its kind) ; Gardiner’s ” History of England, 
lG0IblG42,” ” History of the Great Civil War,” 
“ History of the (kunmon wealth and Pro- 
tecUirate,” and “ Oliver (Cromwell ” ; Freeman’s 
“ History of the Norman (^oiKjuest,” “ Growth 
of the English Constitution,” au<l ” Tho Reign 
of William Rufus ” ; Stubbs’s “ (Constitutional 
Hivstor^^ of England ” ; F. W. Maitland’s 
“ Loetures on Constitutional History Sharon 
Turner’s “ History of tho Anglo-Saxons ” ; 
Sei'ley’s ” The Exi>ansion of England ” ; 
Buckle's unfinished “History of Civilisal ion ” ; 
Ix-eky’s “ History of England in the Eighteenth 
(V‘i\tury,” and other works on European liistory ; 
Seebohm’s “ The Oxford RtJormers of 1498,” 
“ Era of the Protestant Revolution,” “ The Eng- 
lish Village Community,” and “ Tribal System 
in Wales ” ; Creighton’s “ Simon de Montfort,” 
“ History of th(' Ripacy during the Reformation 
Period,” “ Queen Eli/aboth,” and a charming 
little manual on “ Tho Age of Elizabeth ” ; Pal- 
grave's “ Rise and Progress of the English 
Commonwealth ” ; (!. H. Firth’s several books 
on th<^ Commonwt'alth ; Brewer’s “ Henry 
VI II.,” and May's “ Constitutional History of 
England, 17G0-I86:i.” 

In recent years the tendency has been towards 
the careful study of limited periods by speoialists, 
as in the “ Cambridge Modem History,” planned 
by Lord Acton, and edited by A. W. Ward, 
O. W. Pi^Qthero, and Stanley Leathes ; and tho 


“ Cambridge Mediaeval Histoiy,” edited by J. fe. 
Bury. Similar “ Periods pf European History ” 
have been published. Literature has been dealt 
with in the same way in the>|idmirablo ” Cam- 
bridge Histoiy of English Literature,” edited by 
A. W. Ward and A. R. Waller, and in the series of 
” Handbooks of English Literature,” edited by 
J. W. Hales. In some cases a special line of 
historical development has been followed, as in 
Profe.s.«<or James Mackinnon’s eloquent “ History 
of Modern Liberty.” • 

In addition must be noted Mill’s ” History 
of British" India ” ; Maine’s “ Village Com- 
munities,” and “ Popular (fovemmont ” ; 
Tytler'.s “History of »Scotland ” ; Burton’s 
“ History of Scotland ” ; Coxe’s “ House of 
Aii.slria ” ; Grant Dull s “ History of the 
Mahrattas ” ; Elphinstone’s “ History oi 
India ” and “ Rise of tho British Power in 
the East ” ; Kaye’s “ Histories of tho Afghan 
and Se[)oy Wars”; Kiiiglake^s “Crimea”; 
Mitford’s, Thirlwall’s, Grote's, and Finlay’s 
Histories of Greece; Thomas Arnold’s “History 
of Rome ” ; Alison’s “ History of Europe ” ; 
M(‘rivale's “ History of tlie Romans under tho 
Empire”; Milman's “Histoiy of Latin Chris- 
tianity ” ; William Napier’s “ History of the 
Peninsular War ” ; Bryce's “ American Com- 
monwealth ” ; and Agnes Striekland’s “ Lives ” 
of thc^ Queens of England and Scotland. 

Theology and Philosophy. Students 
of philosophy and theology are recommended 
to refer to the following names in any good 
biographical dictionary : Jeremy Bentham, 
Sir William Hamilton, Henry Mansel, Richanl 
Whately, William Whowell, David Ricardo, 
J. R. McCulloch, John Stuart Mill, Richard 
Owen, (/hark'H Darwin, Herbert Spencer, 
Thomas Henry Huxley, W. A. Butler, Thomas 
Hill Green, G. H. Lewes, Sir ,rame.s Mackintosh, 
Thomas Mallhus, John Kebk*, Edward Bouvorie 
Pusiy, Richard William Chureli, John Henry 
Newman (whose style is especially important to 
students of Ihe language), W. E. Gladstone, 
Arthur Penrhyn Stanley, Thomas Chalmers, 
John William Burgon, Richard Hurrell Froude, 
Edward Irving, ILmry Parry Liddon, Joseph 
Lightfoot, Frederick Denison Maurice, James 
Mozky, Jam(\s Craigie Robertson, Frederick 
William Robertson, Richard (’henevix Trench, 
John Tulloch, Christopher Wordsworth, William 
Wilberforce, Charles Haddon Spurgeon, R. W. 
Dale, and James Martineau. 

Travel and Science. The records of 
travel and exploration are brightened by such 
names as those of Austen Layard, Samuel 
Baker, David Livingstone, John Pinkerton, 
(jharlcs Waterton, George Borrow, Richard 
Burton, Edward Jjane, Sir F. E. Younghusband, 
Sir H. H. Johnston, Sir W. M, Conway, George 
Warrington Steevens, the brilliant war-oorre- 
spondent, and Sir Frederick Treves. Some 
mention must also be made of tho scientific 
studies of Max Muller, Charles Lyell, Herbert 
Spencer, John Tyndall, Thomas Huxley, Richard 
A. Proctor, and Sir Robert Ball. 

J. A. HAMMERTON 
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The Pay and Prospects of Intermediate, Second 
^Division, and Assistant Clerks. Messengers. Boy Clerks. 

CLERKSHIPS AND MINOR POSTS 

r?iRST Class clerks, as we have seen, form the Second Division Clerkships. Like 


1 foremost grade of the general civil staff — that 
is, of those employed not in a particular depart- 
ment only but tliroughout the service. In this 
chapter we review in turn each of the remaining 
apjjointments on the general staff. 

Ihese j) 08 ts may be arranged in order of 
value, thus: “Intermediate” Officer; Second 
Division Clerk ; Assistant Ch^rk or Abstractor ; 
Oftieekeejicr and Messenger ; Boy Clt^rk. 

Intermediate Appointments. The old 
reproach against the national service, that it held 
no place for the lad from a public school, has 
been removed by the creation of a special grade 
of Intermediate (examinations- so ealhxl because^ 
they admit to posts inferior to C^lass I. clerkshijis. 
but distinctly better than the Second Division 
or the (kistoins and Excise. Tlu^ age limits for 
these contests — 18 and lOiJ — ane intemhed 
expressly to suit candidates who hav(e recently 
left school, and the standard of the i>apers set 
is, roughly, that of the sixth form. 

The examination, which is held twice yearly, 
consists of thrc(^ parts, or classes. Every com- 
petitor must tak(^ (Uass comprising mathe- 
lYiatics — arithmetic, geometry, algebra, and 
trigonometry — English composition and pre(*is 
writing, and a “ General Paper.” This last is 
based on history, but. is designed as a test of 
general intelligence and education. An explana- 
tion of precis writing appefirs on the next i)ag(\ 
F^Vom the other two classes the* Candida l-(^ may 
select papers- one, at least, being a. language — 
up to a maximum of 10,000 marks. In ( 'lass II. 
the subjects, each carrying 2000 marks, are as 
follow : Higher mathematics, French, (German, 
Latin, Greek, English history, European history, 
chemistry, and physics. Class III. consists of 
more advanced })apers in the first live of the 
subjects mentioned, 4000 marks being allotted 
to each. Candidates’ studies may thus either 
cover a widt? field or be r<!stricted to a specie 1 
mastery of three or four subjects. 

The luterm(‘cliate posts, although mainly 
clerical, are of various kinds and of somewliat 
unequal value. They include the rank eff Assistant 
Surveyor of Taxes, Examiner in the Exchequer 
and Audit Department, and clerkships in some 
fourteen of the Government offices. In every 
instance the initial salary is £100, advancing 
after two years from £120 by £10 yearly to £200, 
and thence by £1.5 to £3.')0. Beyond that figun*. 
promotion is uncertain, the prospc(;ts varying 
in different offices, but there are excel h^nt 
chances of £450 or £500 at least., and further 
possibilities up to £700, and more. To youths 
with a good education, as well as to studious 
members of the subordinate ranks of the service, 
the Intermediate examinations undoubtedly 
offer a promising eareer. 

NATIONAL, MUNICIPAL, AND IMPERIAL 


the “ non-commissioned man ” of Kipling's 
ballad, the Second Division clerk may fairly 
claim to be “ the backbone of the service.” 
While not enjoying anything like the position 
or prospects of the C’lass 1. clerk — who is the 
commissioned officer of the civilian army — 
he holds acknowledged rank in the public 
service, is entrusted with soruLiwImt responsible 
duties, and commands the respectful considcj*a- 
tion of his subordinates. Mon^over, bo has 
moderate chances of obtaining eominissioiied 
rank, hi two important respects, however, the 
analogy fails. As a rule, the Second Division 
clerk is not promoted to that, grade, but is 
appoint(‘d to it directly ; and his normal duty 
is not the instruction or supervision of others, 
but an executive task of his own. 

Second Division ('k^rks are employed in 82 
Government offices, and numbered 39(30 in all 
when last selicdulc'd. Of this total, 530 were 
then engaged in Dublin, only 202 at Edinburgh, 
and practically all the remainder in London- - 
that colossal department the General Post 
Office absorbing over 900, or about one-fourth 
of tlie whole force. 

Duties, Pay, and Prospects. Except 
for copying and merely mechanical duties, a 
large pro])ortion of the clerical work of tlu^ 
st'rviee Is cntrustcMl to these officers. Nominally, 
th(‘ir function is restricted to “ routine work ’* ; 
and in the Post Office and certain other branches 
the official phrase is a fairly exact description. 
In many departments, however, they aro occu- 
pied with involved or confidential t ask.s to which 
that definition does not apply at all, and for 
which their pay is certainly inadecjiiate. In this 
way, on the other liand, claims to promotion 
are often established. “ The special character 
of the duties ])erform(*(l ” is th(' n^asoii most 
frequently assigned for such advancements. 

The Second Division clerk may bo required 
to perform temporary duty bc'foro receiving a 
piTOianent appointment, and during the first 
year of his service; on the establisliment is 
Uf)on probation. His hours of duty aro seven 
daily, with a half-lioliday weekly or on alU'rnate 
Saturdays, according to the custom in individual 
offices. In addition to the usual public holidays, 
the annual leave; for clerks of less than five 
years’ seu’viee is fourteen working days, and 
for their seniors twenty-one, and afterwards 
twenty- four working days. 

Second Division clerks are remunerated as 
follows: Starting at £70 .a year, they advance 
by £7 10s. annually to £130, afterwards pro- 
gressing by £10 in(;rements to £300. 

As an incentive to good work, a service regu- 
lation provides that a clerk of not less than six 
years’ standing m.ay receive, as a reward for 

SERmE,” AND PROFESSIONAL CMeRS 
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exceptional merit, a special increase of salary 
not to exceed four annufil increments. 

Apart from such individual advancements 
the progress of the Second Division clerk is 
certainly slow. A simpler calculation shows 
that in the ordinary way his maximum salary 
is reached only afttT 25 yc^ars. Yet the cer- 
tainty of his position, its steadily advancing 
stipend, and tlu? fair prospects it affords of 
promotion to the better -paid posts, combine 
to make Sc'cond Division elcrksliips among the 
most eagcTly contested .apj)ointn\ents in the 
national scu’viee. 

Promotion. The regulations provide that 
after eight y(*ars’ scTviee thc‘se offn^t^rs are 
eligible for advancement to the First, (^lass. 
Hithc'rto. liowover, such promotions have been 
sparingly made, av(‘raging onl.\' somc^ 50 cases 
yearly. On the other hand, a number of less 
valuable staff posts, witli salari(*s ranging from 
£40b to £750 a year, are n'served for meritorious 
mem f UTS of th(‘ Strond Division. About 00 
jiromot ious of this character take [)lace annually. 

The proportion of these Ingher positions 
differs greatly in the various branchc^s. The 
(Vjlonial Office, Home Ofliee, and other great 
ndmiuislrativi' doj)artmenis afford man}^ such 
o])enings, but in the l^^st Office they are not at 
all common. Successful competitors are usually 
allowed, in order of merit, a certain — or ratluu*, 
an unccTtain — range of choice among the numer- 
ous offices. Hut their selections arc necessarily 
often disregarded, the appointments being 
determined mainly by the occurrence of vacan- 
cies. (Candidates sliould therefore recognise 
clearly at the outsfd the possibility that they 
may lirxd thems(‘lves, through no fault of their 
own, practically ch'barrcd from advancing 
beyond the £500 yearly whicli is the maximum 
of the tSecond Division. 

But an ambitious officer may employ his 
leisure in studying fora better- paid ajipointment. 
For tliista.sk lie will lu; peculiarly fill (*d, not only 
by his previous training, but also by the valuable 
extension of age allowed (as (wplained on }>age 
J020) to candidates already in the national 
service. For Intermediate posts this extension is 
limited to an extra year. 

The Examination. (4pen competitions 
for Second Division elcrksliips arc held yearly, 
the number of appointments olfiTiul at each 
varying betw<‘cn 100 and 500, according to the 
n(U‘ds of th(‘ departments. Candidates must be 
between 17 and 20 years of age, but those who 
have s(Tvcd for two years or mor(*> in a Govern- 
nuMit officf may enter until 22 years old. 

The educational scope of these contests 
corrf\sp()mls geiuTally with that of an ordinary 
second-grade school. There are, in addition, 
a few sjieeial Civil Service subjects such as few 
schoolmasters teach. They comprise copying 
nianuscript, precis, and shorthand. For the 
first of these exercises tht^ candidate is given 
a lithographed copy of a badly written document, 
so altorod and blurred in parts as to bo almost 
undecipherable. Of this he is required to make, 
in the half-hour at his disposal, a neat and 
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clearly legible transcript, with as few erasures 
as possi blc. Difficult passages are best deciphered 
by a fairly rapid perusalf as in a very illegible 
hand the context, rather than a minute study 
of individual characters, affords the readiest 
solution to the puzzle. 

The precis subject is more difficult. A numbcT 
of printed letters and papers relating to some 
official matter are handed to the competitor. 
^ After reading thcise he must write a precis or 
summary, in the form of a continuous narrative, 
of the Avhole correspondence, so that a perusal 
(ff the precis would place anyone in possession 
of all the heading features of what had passed. 
The merits of such a summary, in official 
phraseology, arc: “(a) 1o include all that is 
important in the corres[)ondence ; (6) to pre- 
sent this in a consecutive and readable shape, 
expressed as distinctly as possible, and as briefly 
as Is com])atibh‘ with distinctness.” 

Th(‘ shorthand tost consists in taking down, and 
afterwards transcribing, passage's read at tlirco 
speeds — bO, 80, and 10() words a minuf e. 

“Tots.** The arithmetic test in these (!om- 
])etition.s includes a special pajjcr that merits 
fhc particular attention of candidates. This 
is the “ lots ” ])ap(T — a simple trial of 
speed and preeision. Candidates are given a 
printed set of exercises in addition, having the 
figures arranged in horizontal columns. The 
tofafs of these figures have to be inserted in the 
form itself ; Ih'ikm? the stud(‘nts’ slang term 
“ tots.” 8impl(^ as the paper is, candidates who 
have not accustomed themselves to work 
accurately at top speed are certain to lose marks 
for errors or for failing to finish thii exercise. 

The full list of examination subjects for Second 
Division clcTkships, the maximum for each, 
and the actual marks obtaim'd by the first and 
la.st sucee8.sful candidates at a recent contest, 
an* shown in tlic^ table on [)J‘g(‘ 2175. It should 
be noticed that , of the 12 jiapcrs, only 8 may be 
taken, iiurluding not more than two languages ; 
and further that, although no subject is obliga- 
tory, the competition is so keen that a candidate 
who took less tlian thi^ full number permitted 
would not have the slightest chance of success. 
At this examination 1800 students competed 
for only 1 50 places — an abnormally high propor- 
tion of candidates to vacancies. 

Service Marks, A curious feature of 
these competitions is the allowance of special 
marks, [)roportionatc to their term of service, 
to candidates who have been employed in Gov- 
ernment offices as boy clerks. Thus 40 “ service 
marks ” are given for a year s service, and the 
maximum of 80 is secured by two or more years’ 
employment. These form very substantial ad- 
ditions to the examination total. For instance, 
in the competition to which our table of marks 
relates, no fewer than 52 successful candidates 
were aided by service marks. 

Assistant Clerkships, The post of assis- 
tant clerk or abstractor offers few attractions 
beyond permanent employment and a slowly 
progressive income. Its mechanical duties are, 
repaid by a salary less than that of any 
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other officer on the permanent clerical staff. On 
the other hand, this grade is recruited 
wholly from the ranks of former boy clerks 
who have lacked the energy, the ability or 
fortune to secure better positions in the Second 
Division or elsewhere. The pay' of assistant 
clerks, beginning at £45 a year, rises by £5 


annually to £S5, and thcnc(‘. by £7 I Os. to £1.50. 
Th(*y are allowed M days’ annual leave, and after 
ten years’ service this becomes 18 days. They 
may be promoted to the iSeeond Division, on the 
ground of special merit, aft(‘r not less than six 
years’ duty, and a tonsidc rable proportion of tin* 
total number are so ])romoted, in fact, but. 
b<yond this their prospects of advaneeim'iit are 
of the scanti<‘st. 

Examinations. Kxaminations for assis- 
taut clerkships arc held twice a year, \isually in 
February and July. ( ’andidates must, be between 
17 and 18 years of age on .January 1st or .hily 1st 
of the year in which they compete, and must 
have actually scived as boy clerks for six months 
at least. The subjects of examination ar(‘ live 
in number- nam(*ly : 1. English composition 

(including handwriting and spelling). 2. Arith- 
metic (to vulgar and dt^cimal fractions). 

Dig(^sting returns. 4. Precis and indexing. 
5. Shorthand or bookueeping. 

Indexing. For this t<*st. as in jirecis, a 
number of official letters is handed to each 
canditlatc. From thes<‘ he must pr(‘par(‘ an index 
giving the date of each docuimmt, the ]H*rsons 
bet worm whom it passed, and a brief, clear 
statement of its subj(*ci-maiter, taking care to 
omit from the summary mere sid<‘ issues and 
unimportant details in the documents. A 
“ wrinkle ” worth noting is that in ollii-ial 
correspondence an admirable summary of a 
letter may often be found in the reply to it. 

Digesting Returns into Summaries. 
This quaintly named subject is a simple test 
of the clerkly qualities of neatness, care, and 
accuracy of calculation. Candidates arc required 
to rule a form of statistical table like that 
given in their examination papers, to insert tho- 
various column headings, and finally to fill in 


the columns from printed particulars supplied. 
The task is never one of mere transcription, 
but involves always some rearrangement and 
mathematical work, such Jis the calculation 
of percentages, the substitution of kilogramuK's 
for English weights, or the conversion of f)oiinds 
sterling into marks or francs. 

No special diffi- 
culty is presented 
by these two exer- 
cises, yet in ' each 
case some preli- 
minary practice is 
essential in order 
to complete either 
paper within the 
allotted tinu^ and 
to avoid mistakes ; 
for as they are test s 
of (‘xaetness, every 
m i s t a k e, e v e n 
although correct (‘d, 
involves a loss of 
marks. Elemen- 
tary as they arc. 
the student cannot 
afford to ncglcc^t 
them. He may 
gcaierally ensure suffieient practice in them 
by attending fr)r a term or so one of the day 
or evening classes for the Civil Service* to be 
found in almost e\ cry town. 

Competitors whose total marks do not indicate 
“a competent amount of general protieiciK'y ” 
are disqualili(‘d from receiving appointments, 
'riiis .standard has latterly Ix'cn iixed at lOOd 
marks in a maxiinum of IffOt). 

At each (‘xamination about 100 vacancies 
are e.onlt'sied by three or four limes that number 
of aspirants. As one-third of these, however, 
usually fail to attain the qualifying standard 
of marks, the efprfive competition i.s seldom 
much in excess of two candidates for (;ac.li ])osl. 
The great majority of assistant cl('rks are 
<*mployed in London. 

Poor as the ap[)oiutment.s arc in themselves, 
they are useful to ambitious and resolute young 
men who find it necessary, aftiu* serving as l.»oy 
clerks, to earn a living wagi^ wliile preparing for 
better positions. Among tiic*. pres<!nt writer's 
official acquaintances, for instance, an* two 
c*x -abstractors, one of whom rtjceives £5.50 a 
year, and the other €400, with a certain prospect 
"of £0.50. But thes(^ ai*c exceptional cases. 

Messengers. I'osts as messenger, offiec- 
ke(*]>t*r, housekiM^per, and attendant are usually 
Oiled without competition by candidates who 
obtain the requisite official nomination. The 
right to nominate is generally vested in the head 
of each department, but in some instances it 
is in the hands of the Lords of the Treasury. 
The limits of age for these appointments are 
21 and 35 ; but candidates who have served in 
the Army or Navy, the Metropolitan Police, or 
the Royal Irish Constabulary are allowed to 
deduct such service in reckoning their agc\ 
When a vacancy arises in a department, the 
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pOT8on nominated has only, as a rule, to pass a 
qualifying examination of an elementary charac- 
ter before receiving the appointment. Occa- 
sionally, however, two or three men compote 
for a single vacancy. The subjects of oxamina-^ 
tion are writing (with copying manuscript), spell- 
ing, and arithmt?1io. coni])rising the tir^t four 
rules, money, and avoirdupois weight. 

Although a certain amount of influence, 
direct ©r indirect, is almost indispensable for 
8(^(niring a situation of this class, it is by no 
nu‘ans necessary that the applicant should be 
])ersonally known to the oflicial who has the 
right to nominate, ('haractc^r, ability, and a 
good record are as least as important. Satis- 
factory service in the Army or Navy is always 
a strong recommendation. 

Rates of Pay. The salaries of sub- 
ordinate ofticors vary a good deal, and in certain 
instances are augmented by “ perqiiisii es ” whoso 
v'alue is a jealously guarded secret. TJio follow- 
ing rates may, however, he regarded as typical: 
Messengers and atterulants b<‘gin at a figure bc- 
i wei*n ,t*()5 and i'fiO, and rise by small increments 
to £100, £120, or (for chief posts) £1/50 to £200 
a y(‘ar. Tlu^y hav(‘ also chances of advancement 
to the grade of ofiict* keeper, with a salary of 
£100 or £li)0, an official rc.sidcruie, coal and lights, 
and other allowance's on a liberal soalo. Door- 
keepers are similarly remunerated as a rule, but 
in important positions (as in the Houses of Par- 
liament) they receive from £2/50 to £300 a year. 

Boy Clerkships. The position of boy 
elerk in the public service is a purely i(^mporary 
one, carrying no claim to superannuation, and 
coming to an end wh(‘n the age of eighteen is 
reached. Nevertheless, it is in several respects 
a distinctly \is<‘ful way of gaining a footing in 
the service. The nun\l>er of qualified candidates 
has not always been I'qual to the demand, though 
very moderate marks an* needed for success. 

Wci have already reft*rred to some of the 
advantages alTorded to boy clerks when com- 
peting for the higher posts. Not only are assist- 
ant clerkships reserved entirely for boy clerks, 
past or present, but in the examinations for 
Second Division clerkships and for officers of 
(histoms and Excise they may claim scTvioo 
marks, (‘ven though at the lime of the exarnina- 
1 ion t hey an^ no long(*r in the service. With such 


aids to success, a lad of ordinary ability &hd 
energy can scarcely fail to obtain a good per- 
manent appointment, and at the worst an 
assistant clerkship is not to be despised. 

Competitions, open to boys between 15 and 
16 years of age, are held about twice yearly, a 
batch of some two or three hundred candidates 
being selected on the results of each. For the 
convenience of competitors the examinations are 
held simultaneously at London, Edinburgh, 
Dublin, and a number of other centres. A fee 
of 5s. is payable by each candidate. 

Particulars of the subjects are furnished by 
the table below. It relates to an examination 
recently attended by 644 contestants. 350 of 
whom were placed on the register of boy clerks 
and given employment as occasion arose. 

It is necessary only to add that the mathe- 
matics paper in these contests comprises angles, 
areas, and volumes, and algebra up to simi)le 
equations, and that although no subjects are 
obligatory, a qualifying total of half the 
maximum marks must be obtained. 

Pay and Conditions of Service. Boy 

clerks arc usually engaged for 39 hours weekly, 
and are paid during their first year Ifis. a week, 
and afterwards 10s. Overtime work is paid for 
at et)rroa ponding rates. Sometimes they arc 
(un ployed and paid by the hour instead, the 
rate being 4.|d. per hour during the first year, 
and advancing next year to fid. As a little 
calculation shows, uiuh'r this system of pay- 
ment the nett result is practically the same 
as under the weekly scale. In cither ease 
continuous service is not officially guaranteed. 
x\a a matter of practice, however, the groat 
majority of boy clerks an? regularly employed. 
They are ])ractically always ealled u]>on to serve 
ill Tjondon, but recently a separate register has 
been instituted for apiiointmords in Ireland, and 
at the last examination 20 vacancies w(Tc Irish. 

Boy clerks, while employed, arc paid for all 
public holidays, as well as during the foi'inight’s 
annual leave to which they are entitled if per- 
manently on duty. Sick leave, up to a certain 
maximum, is granted on full pay. In ca.se of 
enforced absence owing to infectious disease in 
a boy clerk’s residence, lie may be given the 
full rate of pay during his absence. 

In vioAV of the advan- 
tages already discussed, 
and the useful training in 
Civil Service subjects 
which these examinations 
afford, a youth who has 
left school early, and 
must earn his own living 
while making his way in 
the service, could scarcely 
make a better start than 
in the modest capacity 
of a boy clerk. 

In the superior’ divi- 
sions boy clerks have 
captured many valuable 
appointments. 

ERNEST A. GARB 
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The Famous Theory of Natural Selection in 
Relation to the Problem of Organic Evolution. 

CHARLES DARWIN 


I^ARWIN set US free. Before any discussion of 
his work and of its modern standing, let 
us be clear about that. As Professor Kellogg, of 
Stanford University, California, says in his 
admirable volume, “ Darwinism Today,” “ Let 
no ambitious student hesitate to take up the 
search for the truth about evolution from the 
notion that biology is a read book. The 
‘ Origin of Hpeeies ’ was the first opening of the 
book — that the world recognised, at least ; 
])oor Lamarck opened the book, but could not 
make the world read in it— and that time when 
it shall be closed because read through is too 
far away even to speculate about. With Osborn 
let us join the believers in the ‘ unknown factors 
in evolution.’ ” 

“The Origin of Species/* This dis- 
tinguished critic’s estimate is just. Darwin 
lirst etfeelively tipened the book of biology, in 
which tlie worhl has been reading, with ever- 
increasing interest, ever since the publication 
in ISoO of the epoch-making volume on “The 
Origin of Species by Means of Natural Selection 
or the Pr(»servation of Favoured Races in the 
Struggle for Life.” The authoritative and final 
edition of this work is now' published by Mr. 
John Murray at half-a-erown, and it must be 
in the library of every tulucaled or cdueable 
person. It is the book which set the mind of 
man free in regard to the most important and 
]»rofoiind subject, the r|uestioii of the Psalmist, 
“ What is man, that Thou art mindful of him ? ’ 

“ Poor Lamarck ” made a noble failure ; 
Spencer was looked upon as a “ mere jihilo- 
sopher,” without first-hand knowledge. ; Darwin 
came to th(' subject with a great eiiuipment, 
and be succeeded. His book, only a portion of 
W’hat be bad collected for publication during a 
period of twenty years, so marshalled the facts 
that, at the very least, men might henceforth 
think freely about ' rgaiiie evolution, un- 
tramellcd by the Book of Cenesis. Not that 
“ The Origin of Species ” is another and final 
Book of Genesis, as most men of science thought 
in the nineteenth century, and some few survivors 
think here and there today. But that book 
sbowexl organic evolution to be the truth, 
though its explanation of the process can no 
longer he accepted as more than a contribution 
to the lethal, or negativ<*, side of the process. 

Darwin’s Hatred of Controversy. 

A few words are essential as to the character 
of the man. He hail by heredity a sure place in 
the intellectual life of this country. One of his 
distinguished grandfathers had already taught 
organic evolution. He had am})lo means, and 
was w'ithoiit need of writing sensational books 


for iiHUU^y, so much the greater being the 
significance of the fact that lie wrote the most 
sensational book of all lime. He was not a 
public sjieaker, and d(*tested controversy, being 
endowed wit li t he jieaci'able and gentle temper 
which Josiab Wedgwood appears to have handed 
on to all his descendants, including Charl(‘S 
Darwin, Francis Gabon, and the sons of the 
former, 'riiis ffuality was really an advantage, 
in the eircu instances. Tremendous fighting was 
needed, and Huxley in this country — “ my good 
and admirable agent for the iiropagation of 
damnable heresies,” as Darwin privately called 
him — and a no less doughty w arrior in Gorina nv, 
Krnst Tfaeckel, did all that was needed. 

Danvin’s personal iiuxJeralion, love of truth, 
and dislike of annoying ])co|)le lent immenFC 
advantages to bis book. Whenever the con- 
troversy got back to his ow ii words, bis ojijmncmt s 
were confounded. He had not said what they 
attributed to him ; lu‘ had not claimed more for 
his work than it })roved ; he had not- decried 
the work of his ])rcdecessors. Indeed, in one 
most notable resiiect, typical of the man's love 
of truth, he weaki*ned his own eas(5 for the fac t of 
organic evolution. This instance prc'pares us for 
what later follows regarding the work of Mendel. 

Nature Does Nothing by Leaps. It is 

well know'n to everybody that living specie's 
occasionally ]>roducc “ sj>orts ” — forms start - 
lingly unlike their parents and their race, and 
sometimes entirely unprecedented. A biologist 
advancing — against the overwhelming majority- 
of hiH generation — the theory of organic; evolution 
might well direct his attention to the occurreiKc 
of such “ sports,” and try to show that they 
miglit become the founders of new species. 
Their existence strongly sugg(‘st.s, on the face <^f 
it, that the general rule of like breeding like, 
and of sjjecics being therefore immutable, has 
.serious excc])tions ; and any ordinary con- 
troversialist would, it may he assumed, have 
made the most of such exceptions. 

Not so Charles Dai win. Examining such 
evidence as Avas before him, he considen'd that 
“ sports ” were of no significance, or }>ract ie.ally 
none, in relation to the problem of the origin of 
species. He repeatedly quoted the ancient 
verdict that “ Nature does nothing by leaps,” 
and could not allow himself to argue that 
“sports'’ really furnished exceptions to that 
rule. Huxley hinted that Darwin might prove 
to he unnecessarily handicapping himself by 
his rigid acceptance of the ancient dogma about. 
Nature. ; and today we believe that Huxley 
was right. But Darwin’s attitude was eharacter- 
istie of him, and cannot be forgotten. No less 
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char aotori Stic wa« his attitude towards Lamarck, 
whose theories, as we have seen, he accepted. 
Whenever Darwin is quoted by uninformed or 
biassed controversialists, against the French 
pioneer, it should be remembered that Darwin 
was a Lamarckian, explicitly, expressly, and 
consistently. 

Darwin’s Varied Studies. Of Darwin\s 
minor studies a word or two must be said before 
wo consider hi.s chief contribution to biological 
theory. He studied the beneficent inHucncc of 
w'orms U])on tlu' soil ; the facts of orchids ; the 
lives and activities of the living beings which 
make what wo call coral, and many other details 
of natural history. He wrote a delightful book 
upon the expression of the emotions in man 
and animals, but in this respect only did he 
concern himself witli the problems of mind — and 
even then only with physical manifestations of 
mind. We cannot call him a ])syehologist, and 
still k‘ss a philosoplujr. He was a naturalist, and 
has himself told us that his mind became con- 
fused when he attempted to consider the more 
abstruse objects of thought. 

As a Lamarckijiu, he belu'ved that intlueiices 
acting uimn the parent may modify the char- 
actcristies of the offspring. That is part of 
the problem of heredity, or genetics, as Professor 
Bateson has taught us to call it. But Darwin also 
contributed an explanation of his own to that 
part of J.amarck’s theory. That exfilanation, 
which ho called “ pangencsis,” cannot bo accepted 
— though Mr. Cunningham’s recent theory, that 
hormones liberated by the bodily tissues may 
affect the germ- plasm in a specilic way, is a kind 
of analogue of “ pangencsis.” 

The Theory of Sexual Selection. 

Darwin also had a theory of “ sexual select ion,” 
which he elaborated in his second great book. 

The Descent of Man,” j)ublished in 1871 ; and 
though this is not his chief th(*orv, it requires a 
little more notice than those already mentioiUMl. 
Darwin had only alluded to man in a single 
sciiUmce in the “ Origin of Spccicis.” H(‘ inserted 
that s<mtence because honour coini)elled him to ; 
he inst;rtc(l no more because ho felt that the book 
carried cargo enough, and had tmough dangers to 
face Avithout involving it in all the ])rcjudieos 
that would be aroused f3y the clear assertion that 
man is descended from humbler forma of Jif(\ 
Blit th(To were j)leniy of friends ajid enemies to 
make it plain enough that thi* theory of organic 
(‘Volution must include man himself, ami it 
therefore became Darwin’s duty to write a book 
upon the subject. 

Tlio theory of “ si'xual sidection,” as there 
statcxl by Jiarwin, deals mor(‘, however, wdth the 
lower animals than with man. It argues that 
certain type.s of mal(\s and females respectively 
are more likely to lind mates, and so to produce 
their like, t han their rivals, le.ss highly endowed 
with certain i]uaUties. For instance, if stags fight 
each other for the pcjssession of females, certain 
kinds of horns, and so forth, might survive, and 
be perpetuated. Imloed, “ sexual stdection ” is 
nono other than a variant of “ jiatural selection.” 
Another form u'hich it may bo supposed to 
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exhibit depends n{X)n actual {esthetic preferences 
on the part of the females. Thus Darwin sup- 
posed that the vocal powers, and the beautiful 
plumage, of many kinds of male birds are duo 
to the proforonce exhibited for such qualities by 
females during many past generations. 

Objections to the Theory. The objec- 
tions to the theory of sexual selection, as a real 
explanation of the facts which it w^as designed to 
cover, are nowadays seen to be overwhelming 
Like natural selection itself, this theory offers no 
explanation of origins at all, but merely argues 
that certain individuals, not having the feature 
for which it is sought to account, would bo loft 
unmated and without posterity. This is no 
explanation of rho nightingale’s song, nor the 
plumes of the bird of paradise. Further obj(KJtions 
of many kinds are almost as formidable. But the 
student is not therefore safe in regarding this 
fatnous theory as unworthy of his careful study. 
In forming it, as in forming its nion^ famous 
])rcdeccssor, Darwin was arguing to anim.ils from 
jnan. He saw that, for instance, men choose 
beauty in W'omt n, so that w'hatever is regarded 
as ugliiK^ss w'ill have a smaller representation in 
posterity ; and it was from .such a fact that lie 
argu(‘<l for an analogous choice on the part of, 
for instance, female birds among the decorations 
of their suitors. 

The Application of the Theory to 
Mankind. Now, though we cannot accept the 
a])plicatii3ii, the original tact from w'hich Darwin 
argu<‘d remains. In other words, even though 
the theory and practice of sexual selection among 
thi' lower animals be of .small importance, or 
none, they do as.siiredly obtain among ourselves, 
and must be producing still, as tliey must have 
produced throughout many agc.s, results wdiich 
may ho of incalculabh? im])ortauce. Thc^ modorn 
a.sjiiralioii w^hich is eall(*d eugenics, or the at- 
t(‘m])t to ennoble the huruan. 4 ‘ace, primarily by 
making parenthood the privilege of the w'orthiest, 
must n(iV(‘r cease to reckon with the groat fact, of 
.sexual s(d(^ction among ourselves. Eugenics 
needs to ask what types of individuals of each 
.sex are chosen, and w^hat types nrv. ngeeted, as 
partners by members of the other sex. Nor do(*s 
it follow that, if qualities of no jirofound inq^ort- 
anco in thmnsolves seem to have selcict ion- value, 
t he results will bo equally unimportant. 

Jt was Darwin liim.self who taught us to note 
hoAv e(u*tain characteristics of living b(*inga are 
apt to 1)0 correlated with others, apparently 
quite diverse and irrelevant. Tf, for example, 
red hair and allot temper are thus correlated, and 
red hair be a characteristic highly rated in 
si'xual selection, the result w'ill bo not merely 
that mankind will become more commonly red- 
haired, but also that it will become more com- 
monly hot-tempered. The illustration may seem 
trivial, but not to any reader of Darwin, w'ho 
knew that cases apparently oven more trivial 
might really be of importance for the student 
of racial evolution. 

No serious student of eugenics, therefore, can 
neglect a most careful study of Darwin’s theory of 
sexual selection, quite apart from its supposed 
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application to animaln, but for itn certain appli- 
cation to the future evolution of our own species. 
That two young people should love each other 
may be an everyday affair, but Darwin approv- 
higly quotes the observation of Schopenhauer 
that, though we may smile, in fact it is the future 
of mankind that depends upon the love-choice of 
the sexes ; and hence the eugenist an<l the 
biologist and the psychologist are all profoundly 
concerned to learn what are the chai*acters in 
each sex that are choPicn by the other, and what 
are the other characters, p(‘rhaps vastly more 
important, with which those chosen characters 
are correlated. 

The Tendency of L^ike to Mate with 
Like. Professor Karl Pearson has made an inter- 
cstiiig contribution to this subject in his theory 
of homoganiij, or the tendency, which he considcuv 
that he has provc'd by statistical inquiry, for 
like to mate with like. If, as is probable, sexual 
select ion — in mankind, at any rate*, tends to be 
homogamic, so that brown oyvn lend to marry 
brown eyes, blue eyes blue, tallness tallness, and 
tendency to longevity its like, we .shall realise 
that here is a factor which must tend to bring 
into existence well-marked differences or tyjies 
within our species. On the other hand, if wo 
all tended to marry opposites, individual differ- 
*ences would always tend to be neutralised, and 
each generation would tend to show less individual 
variety as a. result. 

Ti may here be added that, though Professor 
Karl Pearson himself denies the application of 
Mendelism to mankind, that theory of heredity 
tends, as we shall ‘ later see, very much to 
accentuate the imi)ertu\ce of his own theory 
of homogamy, or the natural tendency towards 
the mating of like with like. These brief sentences 
will Buflice to show the student how much may 
still flow from the fertile idea which we ow(* to 
Darwin under the name of “ .sexual selection.'’ 

That is only a spheial case of the chief idea 
which Darwin elaborated under the name of 
“ natural selection.” lie saw that certain 
forms of life are ])erpetuated by man, through 
his arfifi 'ini .selection of certain individuals for 
parenthood — large. ro.ses, fast hoi'ses, clever 
dogs, and so forth. Thus are produced races of 
living beings which conf )rjn in varying <legr(?e 
to certain requiroinenis of man, the selector. 
Darw'in thence argued that an analogous process 
of solcction might occur in Nature, and might 
account for the fact that living species often 
fima made to meet certain requirements of 
Nature. I iving things are adapted to th<‘ir 
pnvjronment. If they were not specially ereattal 
with these adaptations, the evolutionist must 
seek for some other explanation of this great 
central fact of the living world ; and natural 
selection was the exi)lanation given by Darwin 
and several others before him in the lirst half 
of the nineteeth century. 

Racial Effects of the Struggle for 
Existence. As in the case of his celebrated 
contemporary Alfred Russel Wallace, Darvin 
was led to the theory by reading the famous 
book of the Rev. Thomas Malthas on *'The 


Principles of Population.” Malthus was con- 
cerned entirely with man. He pointed to the 
fact that population tends to press u))on food- 
supply, which cannot keep pace wdth it, so that 
there is an immense mortality, not least among 
the young and immature. Malthus, then^foro, 
counselled delay in the age at marriage. Darwin 
and Wallace. iride])cndently reading him, asked 
themselves the (piostion: What would happen 
in these cinaimsiances described by Malthus, 
not merely among human beings, but throughout 
the living world ? 

Th<‘. answer is that the mortality would 
noeessarily be selective, and thi^ survivoi's 
would bo those beM fit fed to surviv^i^ in the- 
circumstances. Imagine such a ])roeess emrtinued 
from generation to generation, and the result 
would be the j)rodiK*tion of races the individuals 
of Avhieh would be more adaptc^d than their 
remote a-noostors to the circumstances around 
them. Tn other words, the theory of natural 
sehu'tion oilers a mechanical explanation for 
the facts of a(la])tatioii, which look as if they 
were Ihe result of creative d'^sign. 

Two Conditions Essential for Natural 
Selection. The doctrine known as neo- 
Darwinism, whic'}! he.M Iwo or three repre- 
sentatives still surviving in this country, though 
practically nowhere else, insists that the theory 
of natural seh't^tioii is all-sutfleient as an ex- 
planation of organic evolution. But if w(^ 
turn to Darwin’s own account of his theory, 
we And our attention directed to a point wliich 
the neo-Darwinians forgot. 

The proccKB of natural selection requires 
cort.uiu conditions, and cannot occur without 
them. The lirst is that there must bo over- 
produrtion of life, with a consequent struggle 
for existence. If and where Ihtux^ is room — 
which, in (effect, means food — for all, there 
will be general survival and no seli'Ction. This 
condition of over-production do(*s generally 
obtain throughout the living w^orld, th(^ fecundity 
of w^hieh is one of its most amazing and univei’sal 
eharacteristics. Hence there almost always, if 
not always, is a struggle for oxisttmee. with a 
large mortality. So far the theory is una.ssailable. 

** Survival « Value ” Characteristics. 
Another condition required, in order that the 
struggle for existenci* shall result in (‘hanging 
th(‘ ehara(!terist ics of a race, is that the partituilar 
characteristics of th(^ survivors — the character- 
isiicH whif'h, in Profi?.ssor Lloyd Morgan’s 
excellent phras(*, hav(! “ .survival- value ” — shall 
))(‘ inherited by their olTspring. I'hat is obviously 
e.ssential. If large bon(*s, or oily feathers, or 
swift limbs, or tough wood, or big brains have 
survival-valiH^ in individuals po8se8.siug them, 
who accordingly aie first, or alone, served at 
the table of life, those features must be repro- 
duced in their offspring, or no racial evolution 
ill the directions in question will result. There- 
fore the theory of natural selection requires, no 
less than over-prodmtimi^ the second great 
condition called heredity. 

Beyond all question, that condition is complied 
with. The experience of artificial selection 
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proves it every day. Fast horses are bred from, 
and their oftepring are faster than those of 
slow horses ; and so on. But obviously the 
exact laws, of inheritance must be studied, for 
all theories of organic evolution are necessarily 
at the mercy of the facts of heredity. To assort 
the resemblance of parents and offspring will 
not suffice ; wo must know it exactly. 

Variant Types Essential. For observe, 
the theoiy of natural seleetion, whieh requires 
the fact of hereditary resemblance, also requires 
the fact of difference, technically known as 
variation, between parents and offspring. That 
is the delicate and profound paradox. There 
must be resemblance, or the selection of the 
best-adapted will not give us the best-adapted 
in the next generation. But there must be 
better and worse adapted in each generation 
before natural selection has any material to 
select from. If the artificial breeder has no 
variations to choose among, lie cannot take 
the initial step towards the “ creation ’* of a 
new typo. Ho may have an ideal and intelligent 
purpose, but ho is impotent. 

Now, just as certainly as iho two pnwious 
conditions of evolution through natural sel<‘< tion 
are complied with, so also is this. Variation is 
08 basal a fact of the living world as heredity. 
Like begets like, but not quite like ; and some- 
times, as we have soon, the unlikencss may be so 
extreme that we are astonished by it, and call 
the novel individual a “ sport.” The nectarine 
upon a poach-treo is such a sport, and so is a 
Bums or a Shakespeare or a mighty genius of 
any kind in our own species. If such extreme 
variations could be mated with one another, 
and if they ” bred true,” wo should at once have 
new races. Such procc^sses might conceivably 
occur by natural selection if the novel eharaeter- 
istica had ” survival- value.” 

The elegance, the wide jqiplicability, and tlio 
limitless possibilities of this famous theory 
will now bo apparent to the student. It consorts 
with the most general and constantly exhibited 
facts of the living world, and wx feel that nothing 
now remains but to work out the details. But 
the cautious reader, noting each assumption 
and proviso in tho statement of the theory, 
will realise that when all possible things have 
been said for it, when the limitless claims of 
tho neo-Danviniaiis have apparently been 
warranted, one tremendous fact has been 
ignored. Natural selection — acting among tho 
forerunners of birds, produced in over- abundance, 
some with few feathers and some with many, 
and each tending to reproduce their like— will 
undoubtedly tend towards tho evolution of 
such feathered races as we know; hut there 
must he feathers first. Similarly with the sub- 
species of natural selection called sexual selection. 
The female bird may choose the best exponent 
of hd ^nto. and his voice may be inherited 
by their offspring, but imperatively the voice 
must be there first. 

Where Darwin Failed. In a word, 
natural selection provides a complete explanation 
of eveiything but what alone matters — the 
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origin of variations. Tho artificial selector knows 
by wearisome experience that if the species upon 
which he is operating will not produce what he 
wants, his task is hopeless. The crux of the 
problem of organic evolution remains, not so 
much as referred to by the boasted theory which 
made what seems to us nowadays such an incom- 
prehensible stir in tho nineteenth century. 

Not that Darwin was ever really deceived* 
All his life he was accumulating facts that 
bore upon the fundamental problem of variation, 
and ho published a large number of those in his 
work on “ Animals and Plants under Domestica- 
tion.” Ho would have delighted to read, to 
verify, to amplify, and to seek to interpret the 
work of his contemporary Mendel, whose 
name ho never heard. That is a tragedy of 
science to which wo must immediately come, 
but we shall err if wo suppose that Mendel’s 
law will help us to understand adaptation. 
Upon tliat central problem of organic evolution 
it does not so much as boar at all. 

Our Debt to Darwin. Our debt to 
Darwin must be clearly defined before we 
leave him. At the end of bis life (1809-1882), 
his mortal remains wore buried in Westminster 
Abbey, with general approval. Throughout 
the civilised world his name is never mentioned 
by thinking persons but with nvercnce. Ho 
has been hailed by many writers as the greatest 
biologist of all time. Was all this as great an 
error of judgment os that which supposed the 
destruction of the incapable to account for tho 
origin of the cai)ablo ? No, indeed. Diirwdn 
entirely failed to solve the problem of organic 
evolution, and many now realise that all attempts 
to solve that problem on mechanical princij)lo8 
must fail. But never since the day on which tho 
“ Origin ” w'as published can honest and thought- 
ful men have doubted, reading it, that organic 
evolution has occurred. Overwhelming evidence, 
sufficing to rank os demonstration, of that 
Btujiendous fact is what Darwin gave us. 
More than half a century later the explanation 
of the process is still unfound by any search 
among physical or mechanical principles, but 
Darwin’s glory remains, as docs that of Newton, 
who demonstrated, centuries ago, that law of 
gravitation which no one has yot explained. 

The triumph was one of character. No writer 
more than Darwin illustrates iho truth of the 
saying of Buffon, the great evolutionist of an 
earlier age, that “the stylo is the man himself.” 
Darwin’s books are “ the very life-blood of a 
master-spirit.” Honesty, i>atience, reverence 
for his subject, love of truth, anxiety to be fair, 
inexhaustible oagorness for now evidence, 
absolute freedom from any desire to hurt 
people or to strike directly at conventional 
religion or prejudice — these are some of the 
qualities of Darwin’s character which, on its 
private side, made him tho best of friends, 
an ideal husbknd, a perfect father. Never 
in all time did new truth, apparently so sub- 
versive of human dignity, of justice, of kindness, 
find a champion so dignified, so just, so kind, as 
Charles Darwin. 0. W. SALEEBY 
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THJE EXPORT TRADE 


W HEN we remember thab the exports of the 
Unitc'd Kingdom now amount to over six 
hmidrc*d million pounds a year, we may well ask 
how this vast volume^ of business is carried on. 
What is the export traSe, and how is it handled ? 
It was in the export business that many of 
our groat merchant princes of other days as well 
as 01 these times obtained their riches, and the 
very fabric of the British Enii)irc is built up upon 
its overseas business. The Empire exists for 
business purposes. There would be no value 
at all in a mighty ernjure if it meant nothing 
more than the possession of so many scpiare 
miles of the earth’s surface, and the necessity 
of maintaining an army and navy to prevent 
other nations from coining and taking souu^ of 
these square miles for themselves. 

The Value of Empire. But tlie ])osses- 
sion of thickly populated colonies and dependen- 
cies in all parts of the world means that we have 
under our own flag and government, and therefore 
.under our immediate control, vast markets for 
the produce and manufactures of these islands. 
Of course, wv. send our goods to all the countri(*s 
in the world, but of the huge sum which our 
exports now amount to, more than 30 per 
cent, represents tradt^ done with countries tliat 
arc British iiossessions. 

The Need for Overseas Markets. 

Modern machinery has so multipli<‘d the output 
of our manufactures that we produce far iiion^ 
than our own pt^oplc (;an consume, and so markets 
have to be found in other lands for the goods we 
ourselves arc unable to consume. The export 
business of the country is so much a matter of 
shipping, and shipping is so mtich a matter of 
imports, that it is difficult, in describing how {\\o 
export and import business of the country is 
handled and how the goods are shipped, to know 
where the line can be drawn between the one and 
the otlier, so that a clear iilea may be conveyed 
of the principles involved in these very im- 
portant branches of business. 

Different Methods of Export. For the 
sake of convenience it will be best, perhaj)s, to 
give somii account iirst of tli(^ way in whicli our 
export trade is conducted ; and at the outset it 
must be explained that there ai’c thn‘o different 
ways in which this is done. In the fli-st place, t}u» 
manufacturer of the goods, or the wholesale 
merchant who is selling them, does his own 
export business. That is, he receives orders 
from the buyers abroad, and sends the 
goods out direct to his customers without the 
aid of any intermediary firm. His dealings are 
direct with his foreign or colonial customer. 
The tendency in the present day is for the 
export trade to develop on these lines. 


The Value of Consuls. Owing to the 
appointment of consuls in all important com- 
mercial ecnirt's, and the opening up of the world 
by mej ns of telegraph and telephone and 
cheai> and rapid postage, it is quite easy for tho 
manufacturers to get into close touch with 
likely purchasers. Tluy are able, also, to Icam 
quite easily how goods should be pae.ked and 
shipped for the most distant lands, and, knowing 
all this, tht'y find it much more satisfactory 
to do their own business without the intervention 
of a third party, for not only are they thus in 
personal toucJi with tlieir actual customers, tho 
men wlio are handling and selling their goods 
in the far country, but they save a great deal 
of the middleman’s profit or commission. 

Commission Agents. The second method 
by which tho export trade of the country is carried 
on is by iniuins of what are known as commission 
agents. These are individuals or firms who 
receive orders for all kinds of goods from foreign 
buyers, obtain these from tho different manu- 
facturers in this country, pack them and ship 
them, scalding tlieir own invoices to the buyers. 

Fornu'rly, practically all the export trade of 
tho country was carried on by commission 
agents, and very lucrative the business was, 
for the agcait obtained a commission from his 
customer for all the trouble he took, and also 
received a commission from tho manufacturer 
in the form of a discount off the goods bought 
from him. The commission agents had every- 
thing in their hands in former days. For th(*u 
no one but themselves knew anything about tho 
needs of foreign countries, or the methods of 
disiiosing of tlie goods wh(;n they got there. It 
was very difficult then to find out anything, 
but nowadays any manufacturer can learn from 
the Board of Trade and our consuls abroad 
all he wants to know about any part of the* world 
— the character of th(^ peojile, the kind of goods 
they are likely to buy ; and the fore ign buyer 
also can, through his consuls hero and his own 
govornment officials, learn all ho wants to 
know about the manufacturers of tho goods 
in this country. J5y dealing direct tho foreign 
buyer, of course, savc's tiui agent’s commission. 

As a result of all this tin; manufacturers and tho 
buyers are more and more getting into direct 
contact, and are no longer content to allow 
their business to be done at second-hand through 
a commission ag(*nt. At the same time, a great 
deal of business is still done by commission 
agents, and they hold a liigh and honourable 
Ijosition in tho export trade of tho country. 

Forwarding Agents. The third method 
by which export business is carried on is that 
in wliich tho foreign or colonial buyer orders the 
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goods ho requires direct from t)ie iiianiifacturers 
in this country, but instead of allowing them 
to ship out the goods direct in so many small 
packages, he asks them to send their goods to a 
forwarding agent. When the various items have 
all come to hand from the nianufacturei’s, the 
forwarding agtmt has them j)acked suitably 
and sent off as one consignment. 

It might 1 k‘ asked why a foreign buyer sliould 
liiid it more economical to ord(‘r direct and have 
the goods sent through a forwarding agent. 
The reason is that tlie individual or linn whi<di is 
a forwarding agent pure and simple is abl<^ to 
cliarge less commission than an ordinary com- 
mission agent; for whensis the former has no 
great amount of capital utilised in the t‘xecution 
of any ]>articular order, the commission agent 
has a great deal of capital employed in the 
actual i)uying of the? goods which his customer 
has t)rdered, and interc‘st has to be charged 
on tin's so that th(‘ age^nt's business ni.ay prove 
remunerative. 

Further particulars fihout some of these three 
methods of carrying on the ex])ort. biisiii(‘ss are 
given below, but it is important that every 
business inan should liave a clear idea of how 
the iiK'thods operate in practice and just how 
tiny dillVr from one anotlna*. 

Interesting the Foreign Buyer. In 

someone of the many ways in which the for<*ign 
and colonial buyer is inad(^ to take an iiiter<\st. in 
our home products, the manufacturer and he 
are brought into eontaet. This may be achieved 
by sending j)ric(‘-lisls to a givtai list of traders 
in a directory of foreign merchants, or it may bi‘ 
by recommendation, or it may be that tin* 
foreign buyer has disfioveivd the iiunu‘ of tin' 
Fnglish inanufaciunT and has first apju’oaeln'd 
liini, asking for samj)les or juittenis and prices. 
Hut in whatever way the introduction lias b<*en 
brought abo\it, the inanufaeturer and buyer are 
in direct toiicli with oin* another, and (he ordt'r 
is at last given. 

The Meaning of an Indent. Orders 
from foreign buyers art^ called indents. 'Phe 
word e.oines from tho same root as our woixl 
“teeth.” Th(5 ord(‘rs were formerly written on 
slu'ets torn in a zig-zag, indeni ed, or tooth-liko 
line, from a counterfoil, but now they are 
written in any way that is eonv(*nient. An 
indent should bear full instructions, not only as 
to the goods required, but also as to the method 
of packing nupiired, the route and shipping 
company that is to be used for th<‘ conveyance 
of the goods to their destination, the terms, 
the insurance, and the method of payment. 

The Importance of Proper Packing. 

Tlu' question of packing is a very important one, 
for many things hav e to be taken into considera- 
tion. First of all, tlu^re ai*e the laws and regula- 
tions of the eo\intry to wWch the goods aw 

S ; also tho eustoms and prejudices of the 
e there. Take, for instance, the export of 
cotton goods, linens, and cloth materials generally, 
which constitute so large a proportion of our 
total exports. THicso are folded in certain 
recognised ways, according to the particular 
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material in question, and if they arc going to 
India they must, according to tho laws of that 
dependency, have the length distinctly stamped 
upon the cloth. 

Packing in Ba],88. Tho usual method of 
packing such goods for exj)ort is in bales, though 
sometimes eases are used, but they are much 
(hearer. Fii*st of all, it tak(?s an expert packer 
to see at a glance the best way of putting a 
number of articles of different sizes and shapes 
togcither, so as to get them into tho least/ possible 
space, and to avoid damage in transit. The 
bak'S arc pressed in steam or hydraulic presses, 
and hoOps of stet'l arc passed round and fastened 
with rivets to hold them in position. 

For the (‘hineso market, howev(‘r, stout 
manila ropes are used instead of stc^el hoops, 
this method of fastening the bah's being, for 
some reason, preferred by the Chinese. In 
])re.s8ing tho bales great jiower is used, for it is 
iiiqiortant to g(‘t each package inlo thi^ least 
possibhi compass, the freiglit of this class of 
goods being charged by measuremt'iit, and not 
by actual weight. 

Some of th(' presses exert a force* of as much as 
two tons to the square inch, and unless the 
pa<;king of the^ bales is done by those who under- 
stand the business, thc're is lik(*ly to be a springing 
of the baU' later on, which may result in damage 
to the' goods or to the bursting of the hoops. 
To juevent this, the bale must be^ k(*pt in the pnvss 
suffieiently long to make* the* compression per- 
maiu*nt. Expei't kn(m'I(‘(ige is also required 
in packing the bale so that tin* hoops shall not 
damage* tlui contents. 

How the Export Trade is Affected 
by Native Prejudice, For the out(*r cover- 
ing of bales tarpaulin is geiuTally used, as bi'ing 
very durabk*, soundly wat(‘r[)roof, and compara- 
tively cheap ; and inside lliis is a double (cover- 
ing of canvas. Tarpaulin, howevc*!*, cannot b(‘ns(*d 
for gcKxls goijig to Morocco, as certain animal fats 
enter into the eomjmsition of tarjiaulin, and the 
Moors, being fanatical ]\lohammedans, find tin? 
us(* of animal fat in this way conflicts with their 
r(‘ligious kh*as. A kind of linen oilcloth, in the 
preparation of which only vegetable matt('r is 
used, is l,h(*refon; generally adopted as a covering 
wh(*n goods an^ being s(*nt to Moroccan ports. 

Such a nia.tt(*r as tlu*, outer covering of a bale 
may sc(un a trivial d(*tail, but, as ciih be seen 
from what has been said, it means all th<3 differ- 
ence between success and failure, between profit 
and loss. It is only by studying the prejudices, 
religious or otheiwise, and the likes and dislikes 
of prospective customers, that the intelligent 
business man is likely to build up a big export 
trade. It is here* that the English merchants 
and manufacturers liav<3 been very largely at 
fault in the past. Knowing that their goods were 
fthe best in the world, they thought that this was 
-siilfieient, and that they could pack tho goods just 
as tht^y liked. Other manufacturing nations, such 
as the Germans and the Americans, have come 
along, and have met the prejudices of foreigners, 
and have taken a good deal of trade that should 
have come to us. Now, however,^ we have 
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realised the truth, and all really live British 
merchants and manufacturers are very careful 
to take these small yet important points into 
full consideration. 

Packing for Climatic Conditions. 

Then, again, in the packingt>|foodstuffs great care 
has to be taken that the style of package will 
enable the contents to remain fit in the climate 
to which they are going. If they are going to hot 
countrie.s, for instance, such as India and Africa, 
the contents must be tested exhaustively at the 
temperature they will have to stand, and most of 
the foods now being sent away to such countries 
have to be sterilised and fitted with vacuum 
coverings. Modern sci(‘ntific methods of pro. 
paring and packing foods have greatly simplified 
this braiKJh of business, and hav(^ ('naliled a grc*at 
volume of trade to be done which would formerly 
have been quite impossible. 

The Sixes of Packages. Many other 
points must come into consideration in jiacking 
for <^xpo^t. For instance, goods going to 
mountainous countries not w<‘Il supplied with 
railways, such as some parts of South America, 
should bo packed in bales or cases of moderate 
size, .as they have to b(^ conveyed over mountain 
paths by mule or cattle waggon, and there is 
great difficulty in moving them if they are largo 
and unwieldy. As sliowing how useful it is 
to follow the reports of the British consuls in 
ditYcTent parts of the world, we may give an 
extract on this point from the report of the 
British consul at Bogota, in (‘olombia. 

Difficulties of Transport. '' Goods to 
arrive at any interior (Colombian town,” lie says, 
“ must be packed for mule transport wluaiever 
this is possible, but tlie reipiiroments for this 
particular form of transport vary according to 
the cpiality of the road over which the merchand- 
ise} has to travel ; on some roads, t hat is to say, 
a mule can carry a load that lie could not on 
anot her ; sometimes it is a question of weight, 
sometimes of length of the road, and whether the 
road is muddy, marshy, rocky, precipitious, or 
tortuous, with rocky defiles, etc. ; and sometimes 
the load can only be transported by bullocks 
whore mules cannot travel. 


Uniformity of Package Desirable. 

“Another question to bo considered in packing,” 
he continues, “ is the equality of loads, A large 
consignment of merchandise packed in an in- 
finite variety of shapes, wtaght, and size may h<5 
kept waiting until each package can he paired ; 
if this cannot he done with one of the same con- 
sigiiUient, the carriers will pair it with one of 
another consignment, for which they will 
patiently wait months if m^cessary, to the loss 
and annoya.ncc of the consignee, who, perhaps, 
will ultimately have to pay exorbitant special 
rates to obtain his goods which careful packing 
might have avoided. Again, the question of 
goods arriving in the dry or rainv season, some 
roads becoming almost impassable in the latter 
l^eriod, makes a difference as to the method of 
packing, and consequent economy in transport. 
Shipments that are too heavy for mule transport 
are eouv^ed bj* bullock carts in the few parts 


where a suitable road exist-s, . or are carried on 
men’s shoulders at enormous expense.” 

Value of the Board of Trade Public 
cations. Tt is not possible, of course, in the com- 
pass of an article to describe the various methods 
of packing gooils for dilTerent countries. This 
must bo learned by actual experiimee in tlu} 
shipping department- of a merchant or manu- 
facturer. A great <leal of information, however, 
can be acipiired by studying the Board of Trade 
Jounial and other similar publications, and also 
the consular reports, similar to the one quoted 
above, whicli are issued from lime to lime at the 
price of a few peiuu'. 

If there is any particular diflieulty in conn<‘ 0 - 
tion with exporting gooils to a certain district, 
the Board of Trade may bo abk* to render as- 
sistance; and if the m^cessary information is not 
to be obtained in London, it is often worthwhile 
to write out to the British consul on the spot, 
whose name and address can be furnished by 
the Board of Trade office. The officials of this 
Government department are always extnunely 
courteous, and are ever willing to lend assistance 
where t hey can. 

The Most Expensive Packing. The 

moat expensive form of packing, that of wooden 
caaes linerl with zin(\ is necessaiy for aomi} 
countrieH where insects, such as the white ant or 
termite, will eat through anything but metal. 
It is the only way of pri'serving the goods when 
they get t-o their destination. Large firms of 
m.anuf.actiirers make their own eases, but rncr- 
chants and the s’maller manufacturers get linns 
of case- makers, who specially devote themselves 
to this business, to make their cases for them as 
they are required. 

Marking the Packages. The method 
of shipping goods is dealt with in another 
part of the Business section of this book, and 
the particulars given th(‘n} need not be rcqii'ated 
here. It should be mentioned, however, that 
when the goods are pack(*d r<‘iidy for despatcli 
to the port of embark.ation t lie casi's mu.st he 
clearly and carefully marked. Stencils and a 
hard brush are used for this jmrposi', and the 
marking is done in bold, plain lettering with 
black ink. 

It is usual to put on each individual package 
a distinctive mark, such as a triangle, a diamond, 
a star, at " cireh*, or .‘^onu* other geometrical 
liguHN with the initials of the fijin to whom the 
goods are consigned and the number of the- 
indent. This mark is for the puiqiose of render- 
ing the whole of the packages of a consignment 
easily recognisable at a glaiici*. Ihideineath the 
mark is st-taicilkid the nami* of the jiort to which 
the goods are going. The mark should be about 
sixteen or eighti‘en indues in width and height, 
and the, letti'rs should be at least three inches 
liigh. It is wise also to mark on each package 
its measurements, and in certain instances it is 
necessary to put on the gross weight, with the 
tare and net weights, not only in avoirdupois, 
but in kilogrammes also. Of , course, (^ach 
nackage will bear in very clear loiters and in a 
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conspicuous position, so as to bo easily seen 
and read, tho name and full address of the firm 
to whom tho goods are going- 

The Metric System in Business. 

lleferenee has been made to tho need that 
often arises of marking on tho bale or case its 
gross and ni^t weights, not only in avoirdupois, 
but according to tho metric system, too. This 
shows how necessary it is for anyone whoso 
business is connected with tho export trade, 
and w'ho wants to bo (efficient at his businci.s, 
to know thoroughly tho metric system of 
weights and measurtjs, and tho money systems 
of other countries, especially those with which 
he or his firm are doing business. 

The metric system, which was adopt(d by tho 
Fnmch (loveniment in 1795, has now been 
adopted by practically all countri(‘S except 
thc^ United Kingdom ; but it is interesting 
to know that Janu's Watt, tho KugUsh inventor 
of th<! steam-engine, devised a decimal system 
in 178*1, and is said to have, submitted his 
j>roposals to the Frcuieh (lov(‘rnnu‘nt, who were 
so struck with the a<lvantages of the system 
that they (eventually adoj^ted it. Many 
attenij)t8 have been organised to make this 
tho regular syst(‘m in this country, but so far 
without avail. It is, however, quite easy to 
l(\arn, and my man whose work lies in tlu^ 
ex[)ort trader should bo able rapidly to change* 
English weights and m(‘asures into th<*ir metrical 
ecpii valent s, and English money similarly into 
the decimal e(iiiivalents of other coiintrh's. 
It is curious that all tlu^ civiUs(*d countries of 
the world, with tho oxeoption of th(' United 
Kingdojn and a few of its colonies, now hav(; a 
decimal inon«*tary system. It is chjar, ther<‘foi*(‘, 
that an export man must have a thorough grip 
of the decimal systeun. 

Insuring the Export Goods. Tho goods 
having be(.*n despat(jh(d to the wharf or dock 
from whi(!h they are going, tho next thing is 
to insure them, and there an? two methods 
of doing this, known respectively as F.P.A., 
which means Free of Particular Average, and 
W.P.A., wliicdi m(*a.ns With Particular Av(*rage, 
or, as it is often (^alhxl, A.A.R. (jr A. 11., Against 
all Risks. 

With F. P.A. insurances any small damage 
will not b(^ paid for by the insurance company ; 
only a t(^tal loss- HhS, for instance, if the vessel 
sinks at sea, is burnt to the water's edge, and 
so on. This is the method usually followed 
wlu^re th(*. goods are packed in zinc-lined cases, 
or where tlu*y are of such a character as not 
to be (‘asily spoilt by sea-water or rough usage. 
Ooods likely to lui (easily injured should be 
insured W.P.A., and for this, naturally, a 
higher premium is charged than for the other. 
The W.P.A. rate, however,. is reduced by tlie 
insuranc(5 compani<*s for goods 4;hat are packecl 
in zinc-lined cases, as tho risk of injury to 
them is so much less than w’here they arc less 
carefully packed. 

The Meaning of Particular Average. 

It is, of course, essential that the exporter should 
know exactly what his insurance covers ; and 
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as there is often a great deal of misunder- 
standing about this, it may be well to explain 
here that Particular Average, while it insures 
the merchant against any injury that his 
goods may sustain from depreciation in value 
by their being sea-damaged,** does not mean 
that if the goods arrive at their destination in a 
damaged condition they may bo thrown upon 
the hands of the insurance comp.any or undcr- 
WTiter, and a claim b(5 made for the full value. 
The receivers of tho goods must dispose of 
them themselves, and claim merely for the 
cost of the actual damage. It has been laid 
down that “ tho tnio mode of calculating a 
partial loss on goods sea-damaged, and ascertain- 
ing the extent of the underwriters liability, is 
by a comparison between the gross produce 
of tho sound and damaged goods, the ratio of 
dcq^reciation or loss thus found by a comparison 
between th(\so tw^o being then applied to the 
sum assured.” 

What to Insure. Some mcTchants insure 
only the invoice value of the goods, with perhaps 
a slight percentage over to cover profit. But 
it is much betUu* to insure the goods for such an 
amount as shall cover not only their cost as 
invoiced, with (‘stirnated profit, but also the 
various shi]>j)ing charges, the Customs duties, 
and the insurance dues ; for in onhT to n^cover 
the full amount of thc^ loss, it is necessary to 
insure for a sum equal to tho gross value of 
the goods. 

It is wis(‘, wIh'ii insuring goods to be sent 
by ship, to consult not only one or two in- 
sura companies, but also Lloyd’s. The various 
rates should then be compared, and tho b(*st 
s(‘l(*c(ed for its lowness and its discount. Tlu*. 
next thing is to take out a provisional note, 
which is merely a form signed by the. manager 
of the insurance cinnpany, stating that an 
iiisuraiKH*. for such and such an amount has 
bt*(*n taken out. If this provisional notc^ is duly 
signed by the manager, and not by a clerk, 
then the shipper is coveivd for tho amount 
set forth. But it nf usi be signed by the manager 
hims(*lf to be valid. 

Special RisKs. For special risks, owing 
to the nature or conditions of the country 
to which the goods arc going, there arc sp(?eial 
rates. For instance, when goods are sent to 
the Pacific coatt of South America, it is the 
custom to let the insurance include tho earth- 
quake clause. Tluj premium is higher, but the 
goods are then covered against damage or loss 
by this visitation, so frequent in^that part of 
the world. A higher rate than usual is also 
charged by the insurance companies or under- 
writers on goods that have to make a long 
journey ac^ross the mountains by ox- waggon or 
.pack-mule; and the merchant should see that 
these special risks are definitely n^entioned 
in his note and in tho policy, which will be 
made out and follow in due course. 

Invoicing the Goods. The various 
shipping documents are dealt with in the article 
on “Shipping,** in this Business section, but 
tho method of invoicing the goods , may be 



mentioned here. The greatest care must 
always bo exercised in making out shipping 
invoices, as endless delay and trouble, and 
even ^eat financial loss, will be incurred by 
mistakes that are perhaps mere lapses of the 
en. There is certainly no room in the export 
usiness for carelessness. 

As described in the chapter on “ Buying/* goods 
exported from one country to another iire sold 
on various conditions — F.O.B., C, and F., 
C.I.F., Franco, F.A.S., and so on. The invoice 
will contain the * date, the quantities, and 
detailed descriptions of the goods, the price, 
with the amount of the charges and the descrip- 
tion of what the charges include — F.O.B. 
London, or whatever it may be -with the 
measurements of the bales or cas('S, the numbers 
and special marks on each, and the route or 
mode of transport. 

Making out a Complete Invoice. 

Where the invoice is to bo complete, in- 
cluding all the charges up to the time that the 
customer takes over the goods, it is particularly 
necessary that there sluiU be no mistake in the 
measurements, otherwise the freight charges 
cannot be worked out correctly. There are 
various itc^ms that have to be charged upon the 
invoice, such as the stamps on bills of exchange, 
bankers* commission, and so on. These things, 
unless carefully watched and charged, may 
easily amount to quite a respectable percentage. 

Invoices when going to a foreign land should 
bo made out in the language of the country 
to which they arc sent, and they afford an 
illustration of the importance of anyone; engaged 
in the export trader knowing language's. Xot 
only is this necessary for the invoices but for 
the purpose of corresponding with foreign firms. 
It is essential if the best and biggest business 
is to bo done that the outward correspondence; 
should bo conducted in tlie language; of the 
buyers. With the facilities that there are; in thc'se; 
days for learning language's, either fre)m l)ooks 
like the new Harmsvvorth Self- K orcATOH, 
or by attendance at classes, there is no cxemse; 
for a young man who desires to got on in the 
shipping and e;xport business being ignorant of 
the principal commercial languages of the world. 

Consular Invoices. In additiem to the; 
ordinary invoice, it is necessary, when sliipping 
goods to the United States, to South America, 
and to various other countries wlu’re import 
duties arc levied, to have what is known jib a 
consular invoice drawn ii]). This is to facilitate 
the clearing of the goods on arrival, so that the 
receiver can got them with the least possible 
delay. Certain ports in these countries where 
the import duties are imposed are constituted 
ports of entry, and at each there is a staff of 
Customs officials, whose duty it is to examine 
all merchandise coming into the country through 
that port. 

The manner in which the consular invoice is 
made out and the way in which it facilitates 
deliver at the other end are as follows: The 
form for the consular invoice is obtained from 
the consul of the country in question, and on 
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this has to be written full particulars of the 
goods, the number of cases, the exact contents 
of each, and their values. To these particulars 
are added the cost of the cases, the freight, 
insurance, and cost of the consular invoice. 
This latter varies for the different countries. 
The name of the sender is then signed at tlie 
bottom of the invoice. On the other side is a 
declaration form, the blanks of which have to 
be filled in. All being duly in order, the invoice 
must be taken to the office of the consul and its 
accuracy sworn to bi'fore a commissioner for 
oaths. The consular seal is then affixed to tho 
document The invoice is made out in triplicate 
and each of the copies has to be* sworn. Two 
of the copies are kept by tlu' consul, who sends 
them to th(; ])ort of entry to which th(‘ goods 
are going. The other copy is given to tho 
sender of the goods, who attaches it to tlio 
comm(‘reia.l invoice and forwards to the receiv(‘r 
of the goods. 

The Use of the Consular Invoice. 

The consular invoice is accepted by the Customs 
authoriti(‘s as an aiicurate description of tho 
goods, and the duty is assessed upon it instead 
of upon tho actual goods, the cases of which 
are not opc'iiod unk'ss it be; perhaps an odd 
one or two for formal testing. Without tho 
consular invoice Dutc would be endless difficulty 
and delay. The invoices vary in cost. For tlio 
United iStates th(‘y are 10s. 4d. ; for iht; Argentine 
Republic, .58., and so on. ft is, of course, 
essential that the rules and regulations of each 
individual country should be observed minutely 
in making out the consular invoices, as any- 
tiling that (;an be construed into a wrong 
d(‘(;laration would result in a lino. 

There should obviously be someone in eviTy 
shipping officii and export department of a 
manufacturer's business who can read in tlio 
original language tho Customs regulations of 
the country to which the goods an; sent. Further, 
it is necessary to get the co-operation of the; 
customer .abroad in specifying the head under 
whieli the goods are to be dt'scrilx'd in tho 
declaration. 

It must be ri'niarki'd that, the consuls of tho 
various coiintrit's are usually extremely court eous, 
and the oflieials in their offices are generally 
very willing to give every information and 
facility to help ship])ers and merchants. Sorno 
countrii's do not require tlu; consular invoices 
to bc‘ signed by their consul in this country and 
forwarded directly hy him. The tilling up of 
the consular invoice is a work requiring not 
only great care but great knowledge, for some 
countries are so particular about details that 
in the case of machinery they even insist upon 
the weight of each separate kind of metal being 
entered up. 

Goods Sent on Consignment. When 
goods arc sent abroad not on a definite order 
from a buyer, but to a firm with a request that 
they may bo sold to the best advantage, they 
arc said to bo sent on “ consignment,** and tho 
goods are called “ a consignment.*’ In such 
a case a pro forma invoice is sent — that is, an 
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invoice “ for the sake of form.” which will give 
the consignee an idea as to the value of the 
goods and the price; at which they must l>e 
sold in order that a profit may b(; made. The 
consignment is • not (habited to the <;onsignee 
as a sale; but tlic goods are entered against him 
at the cost plus tlu^ various expenses incurred 
in sending them out, such as freight, irfsuraiice, 
and so on. When the goods an^ sold the con- 
signee deducts the amount of the commission 
agreed upon and forwards th(* balanei* to the 
consignor. By placing this amount received 
against the actual cost of th<^ goods entered up, 
it will be seen at onc(‘ just how much actual 
profit has been made. 

Watching the Foreign Markets . In 

sending out goods on eonsigiiment, the foreign 
market reports sliould b(? watched very ear(‘- 
f Lilly, so that tla* goods may be s<‘iit out at .such 
times as are Iik(‘ly to pjove most profitable to 
both consignor aiul consignet*. As the sending 
abroad of a large eonsignmeiit woidd mean the 
withdrawal of a eonsiderabli* aiuount of capital 
from the business while the shipp(‘r was waiting 
for his goods to b(^ sold and the money s<uit. to 
him by the oonsigiu'c, it is usual for tlu* shipper 
to draw upon (h(‘ consignee for a part of the 
shipment. Th(‘ draft is then atta(died to the 
sliipping documents and handed over to the 
bank, which forwards theses to its agent in the 
pluc(‘ w'here the consignees Iiv<»s, and he* can only 
got the shipping documents <ui paying the draft . 
unless, of course, he* is a, substantial man, well 
know'll to the bank. 

In such a case* as luis been eh'scuilieel the* goeuls 
are saiel to be shippe*el D/P that is, “ deieu- 
nu‘nts against paynuait,” or (VD. '* cash against 
documents.” If the* shj])ping doeuiiKiits arr 
to be given up utjon the eonsigne‘e's iieeeptane*e 
of the ce)nsigue)r's elraft, tlie* ge»ods are then 
said to be shijiped J)/A, doeuim iits again.st 
aceasptanee.” 

The Use of Cable Codes. Any linn that 
carries on an (*xte‘nsive shipping business has 
to do a good de*al of cabling, and this be-euuu's 
a v('ry expensive item, feu* the* charge varies 
from a pe*nny up to about S(‘ven shillings a 
word. To e*ce)iie)mise as far as possible*, an 
elaborate system of eoel<*s has been w'orkt*d out, 
anel all firms <*ngage*d in the* export business 
use some code, (‘itlier one that is in common 
use*, like the? A B ( \ or a private eoele, speeually 
adapte*d to tlieir own rec|uireiu(*nts. Then* 
are also printed eiode\s aelajite'd to spe*eial 
busiiK'sses, such as engineering, the cotton trade, 
and so e)n. 

Code versus Cipher. (.'odt*s are^ u.seil 
generally in preference to cipher, the diflerence 
being that,. in a ce)de, actual anel pronounceable* 
W'ords are used to represent sentences and 
nhrases, while in cipher figure*s anel soimitimcs 
leittei's re*present a .seere't meaning. The Post 
Office and cable companies lay down ccrtiiin 
rules anel regulations for the use of code and 
cipher messtiges. The words use*d in a code, 
for instance, must consist of not more than ten 
letters; and only English, Oennaii, French, 
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Italian, Spanish, Portuguese, Dutch, and Latin 
words may be used. If words of more than 
ten letters are used, then they will be counted 
as two words each. There are about 320,000 
words that can, according to the postal regula- 
tions and general convenience, bo used in codes. 
Many words that the Post Officer and cable 
companies would allow have to be rejected 
because of their similarity to otlier words, with 
the consequent likelihood of confusion. Cable- 
grams written in ordinary plain language may 
contain words of lifteen • letters. In cipher 
five figures count as one word. 

Importance of Studying the Cable 
Routes. The man engaged in the export business 
wdll make himself familiar with the different 
cable companies, the Icrritory they each servo, 
and the rates per word for cabling to the places 
with whicli his firm does business. In many 
cas(*s thi'i’e are alternative routes to the same 
}iluce abroad, find it will b(? the business of the 
.shipper to know W'hioh is the best line to cable 
by. Hornet imes one is much slower or less 
reliable than anotlu‘r. He will also study 
ea ref Lilly tlie ruk's and r(‘gijlations laid down, 
w'hich can la* learnt from the Post Office (luide. 
The diiT(*ren(‘(‘ in time betw'een England and 
the oth(*r eoLintries con(^<‘rm'd must also be 
understood, so that at any given time bo may 
know w'hat hour it is at the jdaco where his 
<ais(omer is sitiialcd. 

Clear Writing Needed for Cables. 

Of course, it is im|>ortant that all cablegrams, 
es}»eeially those* in code or cipher, should bo 
writti*u with the* greatest eare. I’lu* hand- 
wTitiiig shoidd be a.s h'gible as print, so as to 
avoid, as far as ])ossibl(‘, any ehance of mis- 
reading by tiu* transmitting clerk in the post- 
olfice. It is obvious tliat the. )nisr(‘ading of a 
lett(‘r in a (!od(“ ejibl(*gram would make the 
word into another similar w'ord, and }>erhaps 
e<>m[>letc*iy alter th(5 sense of tlu* eablegrain. 
Some firms have a code word to go at the tmd of 
every m('ssag<\ so that tlu^ receiver will know 
that the message is eoiicluded. It stTves also 
to prevent any fraudident addition to the 
ine.ssag(* in transit, a thing that has not b(*en 
altogeth(‘r unknown abroad. There arc some 
countries when? codes and cipher messages art* 
not allowed to be received, such as Turkey, 
Servia, Bulgaria, Montenegro, and Rumania. 

Welcoming Foreign Travellers. In 

comdusioji there is one other point that should 
b<? mentioned, and it is an important one. 
Every 8hi[)ping merchant and manufacturer 
will take care to cultivatt; personally his foreign 
oustonuTs wht*n they visit the Unittid Kingdom. 
He will take them over his factory or warehouse, 
and will arrange that they have an oppor- 
tunity of seeing some of the sights of London 
and other largo cities under proper guidance. 
Such solicitation for his welfare will make the 
foreigner sympathetic to the merchant or manu- 
facturer from w’^hom he has goods, and will go far 
towards cementing the business friendship and 
connection that has already been established. 

CHARLES RAY 



fiROUP 13r-PHYSICS AND POWER • THE SCIENCE OF MOTION-CHAPTER 17 


Though Mechanical Inventions Bring the Invisible into Sight, 

Researches Depending on Vision are Limited by the Nature of Light. 

HAS SIGHT REACHED ITS LIMIT? 


T hjs eye is fully dealt with in a previous 
chapter in the course on Physiologv, where 
ilie exiaieiiee in the retina of what are called the 
blind spot and the yellow spot is noted- (Con- 
sidered solely from, the standpoint of optics, the 
retina is a curtain or scnjcii - a uktc surfac*«5 
upon which certain rays of light are focuss(^<l. 
Vision does not take phnri^ in thc^ retina. Th<^ 
rc‘tina is merely the “ (^nd organ ” or recipient 
organ of the visual apparatus. The real eye is 
in the back of the head. If the optic nerv<‘ be 
severed, vision must cease, and this even were 
it possible to maintain the liealth of the retina 
after such an accident . Hence it follows that t here 
are in the retina physical or physico-chemical pro- 
cesses which should be studied by us here, because 
they arc immediately determined by light. 

Sight Cells. Entirely ignoring all the less 
important parts of the retina. l<‘t us coniine 
our attention exclusively to those parts which 
ar(‘ immediately acted upon by the radiant 
energy. These are found in the deepest layer 
of the retina — oxet^jit for a narrow bounding 
layfT which consists of cells containing pigment 
that jirobably has tlu^ fuiKdion of absorbing 
useless light. The “ visual (Mils,” or “ rods ami 
cones,” Isee page 201(>J, form a kind of palisade 
whieh the light rea-ch(\s after travcTsing ilu; other 
retinal la 3 '’ers. The rods are much more numer- 
ous than the cones, except at the yellow spot. 
Their complicated struetun^ does not here 
concern us, exe(ipt to know that they (jontain a 
conipl(?x cheunical compound of a dark (M)lonr 
whieh is known as tlu^ visual purple. 1’he (tones 
are v(try dillerent in shapes and do not eoiitain 
this visual purple. On the olher hand, it is jnore 
than probable that both rexls and corms contain 
(teriain highly com})lex chemical bodies ea]>able 
of exlrenuiy rapid decomposition under the 
intlu(jncc of light. 

]\Iariy distinguislied physuiists, such as (^lerk- 
Maxwell, have ex|icri’neuted upon the functions 
and behaviour of these* visual ceils. It was at one* 
time thought that the cones alone are^ retally 
visual cells, but it is now known that the rods 
are also true terminals, though probably of lower 
development and older in tlie^ history of the^ race 
— for if iliey were not, the; images (3f small stars, 
for instance, would aj^poar and reappear when 
the eye was slowiy moved. The star would not 
be seen w^ere the rays from it fell uj)on the* 
rod -occii pie's interval be;tween separated cones. 
Ortain other facts may briefly be noted. In 
ord(;r to obtain two images at one and the same; 
time, it appears that two cones are necessary. 
Two objects— for instance, twin stars — so small 
as to affect only one cone appear as only one 
object. It has been calculated that there are 
about three million cone;s in the retina. 


Ph)j;^ical Changes in the Retina. 

What, then, are the consequences of the impact 
of light upt)n the re*tina ? The first point we 
may note is that the; deepest layer of the; retina, 
consisting of the; jiigment cells to which we liavc 
already alliide‘d, is markedly affected by light. 
The dark brown pigment of the cells, under the; 
influence of light, runs forward in between 
the rods and eone'S, so that (‘aeh rod and cone 
comes to be isolated from its ne*ighbours by an 
opiupie she*ath. Further, we; note* that the 
visual purple of the rejds of the' retina is bleached 
or de*stroyeil by liglit. Thus the retina, exposed 
to light, be‘comes e?olourIess. But this visual 
purple does not occur in tlie cones, which are the 
only visual cells at the yellow spot. The rays 
whi(;h most affect the visual })urple are the lower 
rays of the visible oe*tave and especially the 
yellow’ part of the spe*etrum. It is this ])art 
of the; spectrum wliieh most aft’ects our e;yes, 
the oppe3site being true in the* case; of the photej- 
graphic plate*. So long as the tenth or pignu*nte*d 
layer of the retina is intact, thti visual purple is 
reaelity reproduced after its destruction by light. 

When Light Falls on the Retina. 

In attempting to answer the question, ” Wluit 
is the speeilic actioii of light on the retina ? ” 
s(;veral obse‘rvers have sliown -one of the'm 
being Professe.)!’ M*Ke;ndrick, whom wo quote — 
that “ when light falls u])on the; re;lina it oxeites 
a variation of the; natural i‘l(‘ctrieal curre'ut 
obtained from the; eye by placing it on the 
cushions of a sensitive galvanometer. The gene- 
ral effect was that the; impact of light caused 
an incre;ase in the natural e*lcctrical current ; 
during the ee^niinuant^.e of light, the current 
diminishe*d slowly, and fell in amount even below' 
wiiat it was before the impact, and that the 
withdrawal of light was followed by a rebound, 
or second increase;, after which the eurr(;nt fell in 
strength, as if the; eye suttere‘d from fatigue;.” 

Professor M*Kendrie;k goe;s on to say t hat ” in 
all probability the* e*le*e(rie;al change is an index 
or 8yinpte>m of eM*rtain physical or ehe;mical 
cluinges that occur in the retina.” Quoting 
ce*rtain other expe;rinu‘nts, he go(;s on to say ; 
” Thus it woulel appear that light afflicts the; 
j3ur})le matte‘r of the; retina, and the result of this 
ch<‘mical change is to stimulate the optic fila- 
ments ; if the action be arrest(*d, we may have a 
picture on the ri;tina ; but if it be not arrested, the; 
pictures is evane*scemt ; the purple matter is us(;d 
up, and ne;w matter of a similar kind is formed to 
take its place. The reitina might, the;rcforc, 
be comijareel to a sensitive plate having the* 
sensitive? matter quickly removed and rcplacctl 
by chemical changes ; and it is probable that 
the electrical expression of these changes is 
what has been above described.” 
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**Thus Far and No Farther Shalt 
Thou See/* There are naturally imposed and 
impassable limits, to the possibilities of pur vision. 
It may be that, by means of the microscope and 
the 'so-callcd ultra -microscope, largo molecules 
or their shadows may be seen, but it may bo 
taken as absolutely certain that no one will over 
be able to see an atom, much less an dfectron. 
In other words, the revealing power of the micro- 
scope is limited by the nature of light. 

Herein is one of the cases wiiere science de- 
liberately asserts that, in a most fruitful direction 
of research, the very nutans which are em])loyed 
by her impose the restriction “thus far and no 
fartlier,” for, whatever developments an^ forth- 
coming in the us(‘ of the microscope, the wave- 
l(*nglh of light must be reckoned with. The 
subj(^ct has been exhaustively studh^d by Lord 
Hay high and many other students, and certain 
V(Ty positive enneiusions have been reached. 
Jt is theoretically possible for two ]K)ints to ho 
distinguislK'd under the microscope if the 
distance between thc‘m be at l(‘ast e(]ual to the 
w^ave lciigth of the light that is used. 

The Theoretical Lpimit of V ision . This 
relation holds with light passing pcr])cndicularly 
upw'ard through the ol)ject t^xamined, if it 
be transparent ; or refleetc'd perp('ndicularly 
from its suHaco to the lenses of the microscope 
and of the lye, if it be iransluccMit or opaque. 
With oblique illumination, the inner limit of 
vision is reduced to half the wave-length of the 
liglit employed. Now, a sensitive j)lato may bo 
atfected by rays of wave-length too short to 
aihict our eyes, and hon<*o it follows in theory that 
the photographic method may reveal minuterwss 
of structure which w'c can never directly see. 

From those considerations, which are not open 
to dispute, it follows that tlie thc'oretical limit of 
vision — that is to say, of distinguishing distinct 
objects — i.s determined by half the shortest wave- 
lengf h of utilisahle light. It may be at prestait 
impossible to say at what point light ceast^s to be 
utilisable. It is, at any rate, quite certain that 
we liave to pass some distance u})W'ard from tho 
wave-length which has the most marked effect 
upon the n^tina. The fiirtlier w^e pass iipw'ard, 
the greater wall bo the difficulties with which we 
havi^ to contend, W"c may even j)ass in theory 
~ the practical limit hitherto obtained will be 
discussed in a inoim'nt — to tin* remarkable rays 
wbieli were disooA'cnjd by Professor lldntgtu 
in LSD", and which wo are afterw'anls to 
consider at length. Jn all probability the Kontgeii 
rays are absolutely comparable with the rays of 
visible light, and liave the shortest w'avc-length 
that we know; in other words, they constitute 
the very highest imtos of the ethereal keyboard. 

Kontgen Rays Might Reveal One 
Eightefnillionth of an Inch. The 

llontgin or X rays, it is stated, are capable 
of very faintly stimulating the retina. If 
only it were possible . for us to see 
directly by them, they would afford us the most 
intimate microscopic revelation possible — that 
is, by a microscopic examination of an object 
obliquely illuminated by them. It has been 
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estimated that their wave length is probably 
less than one four-millionth of 'an- inch; .bo that 
by their, use two points under the microscope 
could be separately identified if there were one 
eight-millionth' part of an inch between tbom. 
This indicates very approximately the. utmost 
limit theoretically possible. We are not for a 
moment asserting that it will certainly ever bo 
more than theory. When wo come to study 
the Rontgen rays we shall see the difficulties 
involved. The chief reason for estimating the 
theoretical limit is not by any means that we 
may suggest its ultimate practicability, but that 
we may show how' remote oven this limit is from 
Ka1i.sfying the needs of science. Before con- 
BulcTing this, let us observe what has so far been 
accomplished. 

The Most Powerful Microscope. The 

extent to which the mysteries of Nature have been 
penetratt'd by the actual eye of man has been 
very greatly exl^cndcd in quite recent years. It 
w'ouJd }>robably be too much to expect, however, 
that this rate of extension can be continued. 
In the ca8(^ of the microscopic method, os in 
so many others, advance is very often made 
in the fashion of tho man who paid a debt of a 
shilling, beginning with sixpence, threepence, and 
so on. The further w'c go, the slow'or is tho 
advance, and the smaller the proportion of each 
stoj) to the total distaiujc to be traversed. Tho 
great steps of science arc made mucli less by im- 
provements in old methods than by the invention 
of new ones. NeveTtlu less tho limits of vision 
have been gre^atiy extended of late years. 

Wliou t he low poircr and tho high jxnver of a 
microscopes arc talked about, the first may mean, 
perliaps, a magriitication of fifty diameters, and 
the second of seven or (‘ight hundred. Then 
w'hcn wc hear of the highest powers^ wo find that 
12(K), or at the very most 1500, diameters ere 
refem^d to. But it should be more generally 
known that high-powiT microscopy has advanced 
far beyond these limits. [See page 1298.] 

Microscopic Value of Light of Dif« 
ferent Wave-Lengths. At a conversazione 
of the Royal Society, tho celebrated scientific 
instrument makers Messrs. R. and J. Beck 
some yt‘ars ago showed a remarkabk^ exhibit 
which illustrated some of the propositions that 
wx‘ have laid down. Its object was to illustrate 
the ultimate resolving i)ower of the miero.scope 
with light of differ ejit wave-lengths. 

The object examined w'as an extremely 
minute atom, and the source of illumination was 
a Nernst lamp, which yielded a brilliant beam 
of light. This beam — which of course was 
comjiound — was split up by a well-known 
device into an almost equally brilliaSit spectrum 
in such a fashion that any part of the spectrum 
could be used at will, to the exclusion of the others, 
for the illumination of the diatom. Tho appara- 
tus demonstrated that when yellow light was 
used the diatom was not visibfe at all, however 
carefully the instrument was focussed. On tho 
other hand, the details of its structure were 
perfectly resolved when the green part of tho 
spectrum was employed. 



BEYOND THE LIMITS OF HUMAN VISION 



AGGLUTINATION OF MICROBES IN THE BLOOD 



SPmOCHiETA IN STAGNANT WATER 







WHITE AND BED BU)OD CORIMTSCLES THE ACTION OF WATER ON BLOOD 



“606” VERSUS SPIROCHiETA PALLIDA BLOOD CORPUSCLES FORMING ROULEAUX 


Th6 development of microscopy in recent years has led to the use of tlio term “ ultra-microscope.” as in<licatitu{ the 
most detailed view that the improvement in lenses and the ingenious uses of them enable us to obtain of the inf)uit«'Jy 
small things of life. These pictures are from kincmatographs by iMessrs. Patiid Fr6res. 2187 
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This is an illustration of the law previously 
mentioned — that the shorter the wave-length, 
the greater th# rt'solving power of the lens. 
The green waves are shorter than the yellow 
waves, and therefore have more resolving 
power. Shortest of all the waves in the visible 
spectrum are the violet waves, and they have 
more resolving power still. 

Microscopy by Ultra-Violet Waves. 

Even yet we have not yet reached the limit of 
resolution, for beyond the violet end of the 
visible 8})ectrum we reach yet shorter waves, 
known as ultra-violet waves, and these, too, can 
be utilised in inieroseopy. They are outside the 
visible spectrum, and do not produce sensation 
in the centres of vision, but foi tunatelv they do 
affect photograjihic films and fluorescent sub- 
stances, and thus can be indirectly seen and 
recorded. 'I'ho violet wavi's used for this purpose 
of micro] )hoiography are usually ]u*oduoed by 
an (‘lectrie spark between magnesium or cadmium 
wdres, and it must 1 h" noted that all lenses must 
be made of quartz, because ordinary glass is 
opaque to ultra-violet waves. 

J'holographs and fiuorciscent screens affected 
by th(^ idf.ra-vioh^t waves exhibit details that 
ordinary microscopic nitdihods fail to discover, 
both on account of their greater pow'or of re- 
solution and on account of the fact that objects 
not homogeneous in composition vary in their 
dilhjrcnt parts in their opacity to ultra-violet 
rays, so that a photograph gives indications 
of structural heterogeneity, much as an X-ray 
photograph shows indications of heart and liver 
and lungs. But X-ray mierophotogra])hy has 
not yet been achieved. 

Ullra«Microscopy. In recent years the 
microscope has been put to a very paradoxical 
use : it has be(m used to enable us to discover 
objects which still remain beyond tiu* limits of 
sight. Tlio ultra-inieroscoj)ic object is ]>ut in a 
dark microscopic field, and an intense beam of 
light is focussi^d obliquely upon it. 'flu? oblique 
beam of liglit is diffracted by the object, and the 
diffracted rays, view('d through a microscope, 
are int<u*prct(’d by the eye as discs of light. 

We- S(*e invisible stars tlirougli a telescoj o in 
(‘xactly the same way on exactly the same prin- 
ciple. We do not sec t he star ; w^e merely are 
rendered aware of its existence by the diffracted 
light that falls upon our retina. Even the planets 
that W'e discjern by the naked eyti are seen 
only as discs through the light they diffract. 
The priiyn]>le of the dark microscopic field is 
likewise illustrated by the stars, for w'e see the 
stars best at night. In the same way, if we pass 
a beam of light through a dark room, we see 
sliining motes, many of tliem ultra- microscopic, 
which wc do not sec in dirfuso daylight. X^atur- 
ally shining objects show' best against a dark 
background. 

I Tltra- microscopy by oblique light has re- 
vealed many ultra - microscopic objects to 
us. Ruby glass, for instance, is coloured by the 
addition of minute quantities of gold, and the 
gold is dispersed through the glass in particles 
lar too infinitesinial to bo detected by the 
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microscope, and yet by the ultra- microscodio 
method the particles can be clearly seen as 
shining stars. Again, in certain colloid solutions 
the motions of particles which are far beyond 
the reach of direct vision can be clearly seen. 
Also, germs invisible by the ordinary microscope, 
and small enough to pass through a Chambcrland 
porcelain filter, can be detected. 

Microkinematograph Pictures of 
Germs. By the ultra-microscopic methods the 
size andsliapo of ultra -microscopic objects cannot 
be judged, but the shapes of objects just large 
enough to be seen by the microscope are quite 
well sliown ; and lately, by a combination of ultra- 
microscopy and kinematography, ynUrokine- 
fnalographs, showing the movements of living 
germs, have been successfully ])repared. The 
war between the white blood corpuscles and 
microbes in the blood can be clearly exhibited. 
If mobile microbes are under observation, they 
may be seen swimming about in the blood, 
and the white blood crorpuscles can be seen 
enveloping tlumi and devouring them. Tlie 
Spircchwta pallida^ that terrible enemy of man 
that has slain its millions, and that can bo so(»n 
with great difficulty by ordinary microscopic 
methods, is reveali^d quite distinctly in micro- 
kinematograph pictures - little, dedicate, eork- 
S(!VeW'like bodies, small almost beyond im- 
agination, and yet infinitely more lethal than the 
sword or bayonet. 

Use of Oil in Magnification. One 

other refinement in the use of the microscope 
- it is older than those w'o have just men- 
tioned, but is extremely important. If we did 
not mention it the readier might he jiuzzled when 
he met such a phrase as oil iinmermoii lens. 
When even ai)proxiniately high powers of the 
microscope are employed, a droj) of clear oil 
is ]>laeed u])on the sli}) of glass wdiich covers the 
object. The object-glass of the instrumcjit 
is then lowered so as to be actually immors(id 
in the drop of oil. Originally, the method em- 
])loyed consisted in the introduction of a drop of 
water. This diminished the loss of light which 
occurr(*d as the rays ])assed from the cover-slip 
to the object-glass, and had various other 
advantages as well. But now we use a drop 
of oil, in accordance with the work of the most 
remarkable man w'ho ever concerned himself 
with the i)iicrosco])e. Professor Abbe, of Jena, 
the scientific adviser of the famous firm of 
Zeiss. [See page 1157. ] 

The oil employed is the oil of cedar-wood, 
which has the same refractive and dispersive 
powers as crown glass, with the consequence that 
** the rays issuing at any angle from the upper 
plane surface of the covering glass shall enter 
the plane front of the objective without any 
deflection from their straight course and without 
any sensible loss by reflection.” The introduc- 
tion of tho oil, or “ homogeneous system,” has 
immensely advanced microscopy, rnd affords a 
very conspicuous instance of tho advantages 
which ensue when tho highest scientific intelli- 
gence is associated with the highest commercial 
intelligence. C. W. SALBEBY 
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The Various Types of Kilns. Their Operation ^ 

and Merits Considered. The Modern Rotary Kiln. 

CEMENT BURNING & GRINDING 


tho raw materials have been finely 
and intimately mixed, either in the 
shape of slurry by the wet process or as raw 
meal in the dry process, they have to be sub- 
jected to a “ calcination ” or burning at a high 
temperature. 

The rotary kiln, which is now being generally 
introduced for this purpose, has, among other 
advantages, tliat of taking the raw materials 
in the shape in which tliey come from the raw 
mill, whether as slurry or raw meal, direct to 
file calcining operation, whereas all forms of 
kilns hitherto used do not allow of this. The 
slurry or raw meal in tlie old process has to be 
brought into the shape of lumps or bricks before 
it can be charged into the kilns. It is, therefor(‘, 
necessary to mention here the different ways in 
which this can be done. 

Burning Cement in Brick Form. 
Mention has already Vicen inad(i of the various 
processi's of plaslit^ brieUmaking by mixing 
slurry and raw meal in dilTerenl forms. Plastie 
bricks ean also be made from raw meal by simply 
adding sullieient water to bring it to a suitable 
eonsisteney for tr(‘ating in a png mill and brick 
machine. Tliis will amount to 20 to 25 per 
cent., according to the nature of the raw 
materials. 

The resulting plastic bricks must be drieil by 
on<‘ of the iiKdhods already mentioned, such as 
tunnel dryers. 

Bricks can also be made by adding only a 
small amount of water - say 5 to 15 per cent. — 
according to the nature of the raw materials, 
and subjecting this mixture to a very h<*avy 
pressure in so-called <Jnj presses, of whi<*h a 
number of forms arc in common use-such as 
toggle-joint pn-ssis, hydraulic pn'sses, and 
hammer presses. In Bkickmakino [page 1800] 
we have described both Johnson’s and Whii- 
taker's toggle-joint presses. In the hammer 
press the moist raw meal is pressed into briek- 
shape by heavy falling weights. The resulting 
dry-prtssed bricks can he either dried, or (dse 
charged into the kiln in the semi-dry state. 
The choice of me^thod depends on the kiln used. 

Another way of making bricks which must 
be mentioned herti, as it is frequently used in 
those English cemimt works where the raw 
material is blue lias limi% consists in adding a 
considerable quantity of water to the raw meal 
obtained in the dry process and pugging this in 
a pug mill, so as to form a semi-fluid paste, 
which is spread on drying floors. It is cut into 
squares in a half -dried condition, which, when 
dry, -can. be loosened from the floor and form 
bricks for charging direct into the kilns. 

How to Dry Slurry. To get slurry to 
the right consistency for the kilns all that is 


necessary is to spread it in layers of suitable 
thiekniiss on drying floors, and, after drying, 
break it up into Jumps, which can be charged 
into the kiln. 

In some places the slurry is cut into squares 
l>efore it becomes quite dry; this is the method 
adopted in those works using blue lias lime. 

General Remarks about Kilns. The 
temperature to wdiich the raw materials must 
be subjected in order to bring about the 
necessary chemical changes is a very high one, 
but does not vary very much. To measure 
these high temperatures with any degree of 
accuracy is a ditlicult and uncertain operation, 
but it is generally assumed that the temperature 
in a eement kiln is about 1,500'" to 1,000’ C. 
On the other hand, the proec'ss is practically 
instantaneous — that is to say, as soon as the 
nefU'ssary temperature is obtained, the chemical 
<‘hanges tak(^ plae<‘ at once, and the process is 
finished. The carbonii*- acid gas contained in 
the raw materials woll have iK'cn driven out 
gradually before this high temperature is 
reaeh(*d. 

A great numh(‘r of kilns of very varying (yp(* 
and eonstruetion havii been used. They fall 
naturally into two main divisions, the periodical 
and the. contin tarns kilns. The former are 
eharged wnth the fuel and raw material, tired 
and allow(*d to burn out eomph'lely, and to 
c‘ 0 <»l down before^ they are emptied. 'Fhis 
process is always repeated in the same manner. 
The eontinuous kilns, when in full tire, are 
eontiiiuonsly emptied and re-charged by 
gradually dis(!harging clinker at one end, and 
reloading with fuel and raw material at tha 
other. (!!oin.pare similar elasses of kilns usi'd 
for lime burning [page 

The Bottle Kiln. 'J’his is the oldest 
type of kiln, and consists of a round or sijnare 
chamber built of bricks, and lined inside with 
tire bricks. A continuation of the upfier part 
in much thinner brickwork forms a chimney. 
Above the toj) of the kiln, at the base of the 
chimney, are situated one or more ‘‘ loading ” 
<?yes, that is to say, openirig.s in the bric^kwork 
for the admission of the charge. The chamber 
or bowl of the kiln at the l>ottom is provided 
with a grating, either of iron or of perforated 
brickwork, and underneath are the ‘‘ draw- 
eyes ” for removal of the clinker. The kiln, 
when emptied, is charged first with faggots or 
shavings, and above this with a layer of coke. 
On top of these the kiln is tilled up with 
alternate layers of raw material and coke. When 
the loading is finished, the kiln is fired from below 
and allowed to burn out and cool. This process, 
as a rule, takes about five days, more or less, 
a<;cording to the size of the kiln. The capacity 
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of a kiln varies from 10 or 15 tons up to 50 tons 
of finished clitMter. 

It may be here stated that bottle kilns have 
also been built of much larger dimensions for 
continuous burning ; but we shall consider 
them later on. 

The Chamber Kiln. The invention of 
this typo of kiln is generally atrrib ited to J. C. 
Johnson, the first to manufacture Portland 
cement on a large scale, and is known as the 
Johnson chamber kiln. As a rule, it is used 
in connection with the wet process, but, in a 
few instances, for the dry process also. Tn 
either case, it consists in the addition of a long 
horizontal chamber fiat on the bottom, with an 
arched roof, leading from the burning chamber 
or bowl of th(J kiln to a ebinmey or fine. The 
object of this chamber is to utilise the wa^te 
heat leaving the burning chamber to dry the 
charge of materials for the next burning. For 
this purpose, suflficient slurry for one charge is 
pumped up on to the flat floor of the drying 
chamber, or a corresponding quantity of raw 
meal bricks stacked in the chamber, so that the 
heat given off from 

the products of 1 — j 

combustion in the - ,i 

kih) passing through I I ' 

the cIiamb(T, driven | 

the moisture out of f j..-. _ 
the raw materials ^ \ 
deposited there. \ 

Many forms of ] t | | ^ 

kilns have been f Vij i 1 ^ 

t‘volved from this f. ; J 

simple type, the j j|'<' f 

chambers hav- fexj, _ I j- 

ing been made — 
of different "f t 

shapes and ^ ., ,,v I | t 

lengths. Some- i^sjU*S3®a 


It will be seen that the arches A, which before 
the alteration extended right aw(^ through the 
whole length of the kiln, have been taken down, 
except over and just beyond the burning 
chamber of the kiln B. Tliis burning chamber 
is usually lined with firebricks, and has 4 fire- 
brick grating (C), supported by an arch at the 
bottom. Access to the lower part of the 
burning chamber is gained through a doorway 
(D), which, during the burning, is closed by a 
temporary brick wall. I’kis doorway also serves 
as a draw-eye for removing the clinker when the 
kiln is burnt off. Another door (E), connects 
the top of the burning chamber with the gangway 
outside, through which the fuel is brought into 
the kiln. The chamber is covered over by a 
fl(X>r (F) of wrought-iron joists supporting cast- 
iron plates extending throughout the wholelength 
of Ihe chamber, including that portion which is 
arched over. An intermediate floor (G), consist- 
ing of cast-iron plates resting on longitudinal 
girders resting again on brick piers is arranged 
a little way over the bottom of the chamber H. 


Charging the Kiln. 





The burning cham- 
ber is charged with 
dried slurry in 
layers from the 

floors G and H, and 
with fuel brought 
in through th(^ 

doorway E. Slurry 
is then pumped on 
to the floors G 
and Jl in sufficient 
quantity for the 
next charge of the 
kiln. An addi- 
tional quantity 
of slurry is 
pumped on to 
tho floor F, 



times several chambers are arranged beside or and this slurry, after drying, can be burnt in 

above one another, in other forms both the separate kilns, as, for instance, in Schneider 

arches have been substituted partly or entirely kilns. 

by floors constructed of iron plates. When the charging of tho burning chamber 

As an example, we give m 14 an illustration and drying floors is completed, the kiln is fired, 

which at the .same time shows the Anderson The waste heat arising from the burning clinker 

pa^nt drying chambers. has room to expand freely up under the arches 

^ ^ brought up to Date. We A and the floor P, The products of combustion 

chamber kilns are drawn off by the chimney stack L, through 

which have been altered to improve the drying the flue formed between the two floors G and H, 

chambers so as to mcrease the drying capacity. and a continuation of this in the shape of an 
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arched flue (K). The draught is regulated by 
the damper I, 

The outside drying floors F, are covered over 
by suitable roofing to keep the rain away from 
the slurry. 

When the kiln is burnt off, some of the plates 
in the floor F are lifted and left open to get the 
inside of the kiln cooled as quickly os possible. 
P^or this pur[)Ose a couple of openings (M), in 
the arches, are also made, and these openings 
are provided with, removable firebrick covers. 

We have gone into this sub- 
ject because it illustrates an 
easy means by which cement 
works having the old-fashioned 
chamber kilns can obtain more 
economical results with the 
assistance of one of the 
modern continuous kilns work- 
ing with dried raw material. 

It is possible, with the help 
of improved drying chambers, 
to let the old-fashioned (ham- 
bor kiln not only dry sufticient 
mat('rial for its own use, but 
a very considerable surplus, 
which can then be burnt very 
cheaply in the more modern 
continuous kiln. In this w^ay 
we may effect a saving on the 
whole output, which in several 
cases has been shown to 
amount to 2s. per ton. 

Continuous Kilns. All 
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these kilns may be said to consist of a long 
channel or a series of burning chainb(*rs form- 
ing together a long cliannel. This channel can 
bo vertical or horizontal ; it can be built in 
the form of a straight line, the two ends being 
wide apart, or it can be bent so that the two 
ends meet and form one continuous channel. 

The Hoffmann Kiln. 'Phe Hoffmann 
kiln is an illustration of this latter principle. 
A form of this kiln hcas already been described 
in UiiiCKMAKTNG [pago 1804]. The burning 
channel consists of two .straight tunnels side 
by side, and united at both ends ; a number of 
doorways lead through the outside hru^kwork, 
and give access to the burning channel for 
charging the kiln with raw bricks and for re- 
moval of the clinker. The channel is arched 
over, and, as a rule, defi(U!ting arches are 
inserted between each pair of doorways, dividing 
up the burning channel into several chambers. 
In the process of burning, tlie chambers in front 
of the fire are separated from each other by a 
(TOSS partition formed of stout brown- paper 
pasted on. The fire progresses from chamber 
to chamber, and travels round the channel 
continuously. A certain number of chambers 
behind the fire are always (;o(^ling, while others 
in front of the fire arc diying. The drying is 
■effected by leacfing the- products of combu.stion 
from the chambers under tiro through those 
where the drying is in progress on the way to 
the chimney, which is situated at one end, and 
Is connected with all the chambers by a main 
flue running round in the brickwork just outside 


the burning channel. The chambers are also 
connected with each other through a flue in the 
centre, so that the heat can be led from any one 
chamber into any other, and then away to tlu^ 
chimney. 

It will be evident that on the opposite side of 
the kiln to whore the firing is in progress, the 
chambers will be coolest. The clinker is drawn 
out, and raw bricks stac'ked in this coolest 
chamber. 

The Hoffmann kiln luis been used to a 
very consitlerable c*.\tent in the dry process 
works on the Continent, but has hardly ever 
been used in eonnection with the wet procc'ss, 
and has never found much favour in Knghind 
for cement burning. 

Continuous Vertical Kilns. The 

bottle kiln has already been mentioned above ; 
very large bottle kilns are lired continuously. 
When the kiln is loaded and fired in the usual 
manner, and the fire has reached a certain lev(‘l 
somewhere near the top, clinker is drawm out 
at the bottom, and after the charge has “ .set, ’ 
fresh layers of coke and raw material ar(‘. r-hargod 
on to the top of the old eharg(‘. In this waiy the 
process works continuously. Several modiliea- 
tions of this system have been largely employed, 
and among them th(^ use of the Schneider 
kiln has found gri'at favt^ur in England in con- 
nection with chamber kilns with imjTOved 
eharubers, whi(4i are able to dry a considerable 
surplus of slurry, b(‘sides what they Ihcmsc'lvos 
require. 

As already mentioned above, the usual 
drawback to the continuous bottle kiln is the 
difficulty in obtaining the regular setting 
of the kiln — that is to say, the regular sliding 
action of the charge downwards ,* the clinker 
t(*nds to l>ake on to the firebrick lining of the 
kiln, and thus prevents the setting. When this 
happens, the charge will hang on one side, and 
the setting beeome.s irregular, interfering with 
the sysiematie charging in of layers on to th(‘ 
top. lender such circumstances, a great deal of 
lialf-burnt clinker is generally formed, and thr 
burning is unsatisfactory in cv(Ty way. In th(? 
SchneidtT kiln this is prevented by a special 
loading arrangemcuit allowing the firebrick lining 
to be separaUni from the charge, or rather from 
the fu(4, protecting the tirebriek lining with a 
layer of raw material of such thickness that it 
will only just he calcined without any danger of 
its baking on to the .sides of the fin? bricks. 

Continuous and Periodical Kilns 
Compared. The w^orking of a continuous kiln 
of this type as compared to tlm working of the 
ordinary ehainbiu' kiln shows a very great 
improv(unent in output and cost of production. 
Taking an average sized c;h amber kiln, with an 
output of 30 to 40 tons for each burning (which 
takes about five days), the kiln will only produce 
about 40 to 50 tons per week. The Schneider 
kiln with dry raw materials will produce from 
to 100 tons, or just twfice the quantity, and 
the fuel consumption which in the chamber kiln 
averages 8 ewt. of coke per ton of clinker burnt 
will in the Schneider kiln be less than 4 cw4. 
However, it is only fair that we should remember 
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that the chamber kiln effects the drying not 
only of its own slurry, but also of that burnt in 
the Schneider kiln, and it does not cost 
anything extra to have this surplus dried by the 
chamber kiln. Four chamber kilns of the size 
above mentioned, witli properly arranged drying 
chambers, will be capable of drying sufficient 
slurry to keep one Schneider kiln going, and 
their united capacity will bo 50 per cent, more 
than the capacity of the original kilns. 

A Modern Vertical Kiln. Another 
form of vertical continuous bottle kiln is the 
Aalborg kiln which wo owe to Shcefer and 
Smidth. An illustration of this kiln will be 
found in 15. The raw materials, cither dried 
slurry or bricks, must be quite dry before being 
charged into the pre-heater through the charging 
doors A. All the fuel is charged into the centre 
of the kiln through a number of shoots (BB), 
built into the firebrick lining of the kiln half-w'ay 
down between A and the grating R, and the 
burning takes place mostly in the conical-shaped 
burning chamber, where these shoots enter the 
kiln. In the chamber below, the clinker cools 
and the charge is gradually heated in the narrow 
no(!k and pre-heater above by the w'aste heat 
from the burning. Tlie economy in fuel in a kiln 
of this construction has been brought to a 
maximum. Tho consumption of coal on an 


The Latest Type — the Rotary Kiln* 

In all the kilns we have so far^picntioned it 
will be seen that the raw materials — whether 
made on the wet or on the dry process — must 
be loaded into the kiln in the form of bricks or 
lumps. None of these kilns has been adapted 
for receiving the raw materials in the shape 
of a dry powder or a wet slurry, though some 
of tht'm have been arranged to utilise the waste 
heat from one burning to dry the necessary 
charge for the next. Even in these cases, 
however, the material has to be handled after 
being dried. 

The idea of constructing a furnace which 
would nujcivo the material cither as a dry 
powder or as wet slurry without further handling, 
and convert it into clinker in one operation, is 
a very tempting one. This is what the rotary 
kiln actually accomphshs:s. 

Original Rotary Kilns. The history 
of its discovery and development need not 
detain us long. The first records are to be 
found in the patent registers as far back 
as 1877, when Tiiomas Russel Crampton, who 
had in ih(^ preceding year patented a revolving 
furnace for roasting ores,* extended the applica- 
tion of his invention to cement. His kiln 
does not seem, however, to have been heard of 
since then, and in 1885 Frederick Ransome 


average is rather less than 3 cwt. per ton of 
cement produced, and common small gas coal 
can be used as fuel instead of coke. 

On the other hand, the burning of these kilns 
requires a considerable amount of skill. 

The kiln has found much favour in America 
and on the Continent, and also in cur Colonies, 
but not much in England itself. 


patented practically the same thing, but m a 
rather better form, and several kilns were built 
and worked. Tiu'V were all abandoned before 
very long, as the coal |||| consumption 

was found to bo extra H vagantly high, 

probably because the I kilns were much 

too small and could not ||| utilise the fuel 

properly. ||| 



18. (1BNKRAL PRINCIPLE OF A ROTARY KILN 


The principle of all continuous kilns is well 
illustrated in the Aalborg. It consists in 
utilising the waste heat in the kiln itself. The 
actual burning takes place in the middle, and 
this part of the kiln is supplied with hot air 
which has passed over the cooling clinker under- 
neath, while the hot gases from the burning 
clinker passing up give a preliminary heating to 
the raw material above in the upper part of the 
kiln before it reaches the intensely-heated 
middle portion. 

As the burning of the fuel takes place with 
access of largo quantities of very hot air, the 
burning is very complete, and the fuel is utilised 
to the utmost/. At the same time practically 
no waste heat leaves the kiln. 
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The next w'e hear of the rotary kiln is in the 
United States, where kilns of a practical size — 
60 ft. long and 5 ft. in diameter — ^were intro- 
duced. 

Originally they were intended for burning 
cement by means of mineral oil, but the applica- 
tion of the kiln was soon extended, and it was used 
both for wot and dry material, and was fired 
by coal dust or natural gas as well as oil. The 
use of coal dates back only to about the year 
1897, as before this kilns using liquid fuel only 
were worked in America. 

Principle of the Rotary Kiln. The prin- 
ciple of the rotary kiln is illustrated in 16 and 
17, and is extremely simple. The kiln con- 
sists merely of a long, straight cylinder, which is 
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made to revolve slowly by means of live rings 
on roller bearings and a suitable driving gear. 
The kiln is not quite horizontal but erected 
with a slight incline, so that the material moves 
slowly downwards actuated by the force of 
gravity. 

At the upper end the cylinder enters into a 
brick-built chamber, and on this, or on another 
brick-built chamber connected with the first, 
a chimney is placed to carry away the products 
of combustion. • - . 

The lower end of the kiln is closed either by 
a* fixed wall or a movable hood clearly seen in 
17, with an opening at the bottom, through 
which the clinker falls out. The cylinder is 
lined entirely or partly with firebricks in order 
to protect the iron shell from the excessive heat 
ana wear arising out of the quantity of hot 
clinker moving down it, and also to keep the 
heat better in the kiln by preventing too much 
radiation through the shell. 

The speed of rotation varies somewhat, but 
it is rarely more than one revolution per minute, 

, and usually 
less,' The di- 
m e n s i o n H , 

• which origin- 
ally were at 
most 60 ft. in 
length by 5 ft. 
in diameter, 
have gradually 
been incroas(*d 
and are now 
commonly 120 
ft. in length 
and 6 or 7 ft. 
in diameter. 

At Edison's 
Cement Works 
in Stew^arts- 
villc, U.S.A., 
cast-iron kilns, 
made of pipes 
joined to- 
gether by flanges have been made 150 ft. long 
and 9 ft. in diameter, and those, are, so far, the 
cst kilns that have ever boon constructed. 
linRer Coolers and Utilisation of 
Waste Heat. In connection with the Iowtf 
end of the kiln a clinker cooler is commonly 
used. This is not absolutely necessary, and in 
many American w'orks the clinker simply drops 
on to the floor or into a steel wheelbarrow and 
IS carried outside and spread on the giound 
to cool. In other American works the hot 
clinker as it falls out of the kiln is elevated by 
a strong chain-bucket elevator to the top of 
a cylindrical cooling tower. This tower is 
ometimes provided with artificial draught to 
oool the clinker, which then falls out at the foot 
of the tower, and is thence taken away to the 
mill. 

In modern practice, however, a revolving 
Clinker cooler is generally used, although the type 
of machine is subject to considerable variation. 

The clinker cooler is seen under the kiln 

iJi 17. . . 


In tlie Hurry & Seaman kilns the rotary kilns 
themselves are laid in pairs, each pair having 
three coolers so arranged that two f»f the coolers 
take the clinker from the two kilns and bring 
it together into the third cooler, whence it is 
finally discharged quite cold. These coolers 
lead away from the kiln, so that the material 
from start to finish travels in the same direction. 

In most of the other systems, liowcvcr, the 
coolers are built under the kilns, so that the 
material in the cooler travels in the opposite 
direction to that in the kiln. 

Hmidlh’s cooler, Hcen under the rotary kiln [16]. 
consists of two cylinders, one inside the other, 
and the material travels first in one direction 
inside one, the inner one, and then in the opposite 
direction outside it but inside the ouU^r one. 
The object of this is to heat the air, which by 
natural dra\ight or by the assistance of fi fan 
passes through the cooler. This air current 
cools the clinker and the air is made as hot as 
possible when it leaves the cooler to enter the 
kiln. The combustion of the fuel will be 

greatly assist- 
ed by hot air, 
the hotter the 
better. 

The revolv- 
ing cooler is 
constructed of 
iron plates and 
fitted with 
running and 
driving gear 
of the same 
nature as that 
used for the 
kiln itself. 

Firing the 
Kilns. In 
some places 
in America 
natural gas has 
been used, and 
in very few 
cases water gas or producer gas. In such 
cases the firing device is very simple, consist- 
ing of a gas pipe with the nt^cessary means for 
regulating the jet. 

Oil has been and is used to a large extent, 
c^specially in the UniUHl States, where in many 
parts it is extremely (;heap. 

The oil flows from a tank under a certain 
pressure, and passes out from a special injector 
or nozzle. It is thus reduced to a form of 
spray, sometimes assisted by steam jets plackl 
underneath the oil jets, or connected dircctl}^ 
with them. 

By far the most general way of firing the 
kiln, however, is by means of powdered coal. 

To grind the coal sufficiently fine it is, as a 
rule, necessary to dry it first, and for this purpose 
wre naturally utilise some of the waste heat from 
the kiln. Wo can arran^ the plant to dry the 
coal by bringing it directly into contact with the 
lower hot end of the kiln itself, either by par- 
titioning off the brickwork, a hoppor-shaped 
room through which the kiln passes, or by 

D .8 2193 



17. AN UP-TO-DATE ROTARY KILN, SHOWING AIR BLAST AND 
COAL DUST SUPPLY PIPES 
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surrounding the kiln with a mantle and passing 
the coal through the room between this mantle 
and the shell of the kiln. Another way to dry 
the coal consists in jjassing the coal through a 
drying drum heated by means of the hot air 
from the clinker cooler on its way to the kiln. 

Grinding coal is a simple matter, and several 
classes of grinding machines are found suitable. 
The coal dust is delivered from the drying and 
grinding plant into a hopper with an extracting 
worm, where a sulficient quaiitity for several 
hours’ working is always stored, so as to avoid 
the danger of stopping the kiln in case of a slight 
mishap in the coal mill. From the bott< m of 
this hopper the coal dust is extracted by a worm 
provided with an €a])pliance, for regulating 
accurately the quajitity of coal dust f(‘d into the 
kiln. From this worm it is dropped into a 
nozzle, throiigJi which a strong current of air 
from a blast fan is driven. The coal dust mixes 
with the air, and is carried. along with it to the 
centre of the lower end of the kiln. 

Jn 17 I he tiring end is the near end. The 
narrow pipe shown is the coal dust feed pipe. 
The large one is the hot air feed pipe. The <md 
of the ey Under is formed of a movable hood, which 
can bo taken away for cleaning pur|K)ses. The 
lever handles seen in the front are for regulating 
the feed of raw material at the other end of the 
kiln. The circular rack about half-way down 
the kiln is part of the machinery which causes 
the kiln to revolve. 

The Inlet for the Raw Material. This 
is extremely simple in construction, the dry meal 
being fed from a hopper by an adjustable feed 
arrangement, through a shoot, and direct into 
the kiln. Sometimes a small (quantity of water 
is added to it in a mixing and moistening 
machine before feeding into the kiln, to prevent 
th(5 line flour from being carried away by the 
draught of tlie (;hinmcy. 

If the raw material be in the form of slurry 
it is fed into the kiln through a pipe, means 
being provided for a constant pressure, or head 
of slurry, and the iAlet pipe to the kiln having 
a valve for regulating or stopping the flow. 

Output of the Rotary Kiln. The 

results obtained by the rotary kiln are very 
ditferent in several respects from those ob- 
tained by any other system of kiln. Tlu? 
clinker is much mon? regularly burnt, and, as a 
rule, of more regular shape. It leaves tlie kiln 
in the ff>rin of small, round lumps, sometimes 
c^onglomcratcd into masses, and rarely exceeding 
the sizt; of a .small egg, whereas the clinker formed 
in other kihvs consists of largo vitreous and 
spongy lum])s. The rotary kiln clinker is much 
harder to grind than the ordinary clinker. 

^ The output from otic rotary kiln of the ordinary 
size — say, 100 ft. long and 7 ft. in diameter — is 
about 50-00 tons per day when burning raw 
meal, and 35-40 tons when burning slurry. 

Tlie coal consumption is not so low as with 
some of the more economical continuous shaft 
kilns. With raw meal it may be said to vary 
between 4^ and 5J cwt. per ton of clinker pro- 
duced ; and with slurry, between 6 and 6 cwt., 

im 


according to the quality of the coal and tho 
nature of the raw' materials. It must, bowev('r,‘ 
be remembered that the fuel used is coal, 
whereas, with very few exceptions, coke is re- 
quired in the other systems of kilns. 

The labour in the rotary kiln is naturally reduced 
to a minimum. There is jiractieally no actual 
labour required, but there must, of course, 
be a burner to take (charge of thi^ kiln. He 
regulates the feeds of raw material and fuel, 
and looks after the kiln iii a general sorb of 
way. As a rule, each kiln lias a burner who is 
n^sponsiblo for its working, but where labour 
is very ex[Jensivc it is quite possible for one man 
to look after two or even three kilns. 

Crushing and Grinding Cement. 

Until comparatively years ago, millstones 
were commonly used for flnisliing cement 
clinker, after it had [)assid a stone crusher or 
crushing rolls. With the increasing demand 
for liner grinding, however, millstones hav(^ 
proved loo expensive, not only in respect to the 
powc^r required to drive them, bnb also in upkeep. 

The old specilication of lineness was such 
that 10 per c'ent. r«‘sidue was allowed on a mesh 
No. .50 containing 2500 holes })er square inch.. 
Nowadays the specitications are far more 
stringent, as will be seen lat(‘r when we consider 
t.hc testing of (*ement. 

To grind to such a tineness with millstones 
would be quite impracticable; with the increas- 
ing tineness the stoTies must be pressed tighter 
together; the output from each pair of stones* 
will consequently fall quicker, w'hilo the pow'cr 
consumed at the same time risers very rapidly. 
Hesides this, the stones must be dr(‘ss(d much 
more frequently, and the exjauise i!ivolv(‘d 
becomes excessive. 

Merits of Mills. For a long time ball 
mills W(‘ro used to a considerabU? extent as 
finishing grinders, but with the demand for 
increasing tineness in grinding, the gauze 
through wliieh the ball )nill discharges the 
iiiii.shed product had to be made so fine that 
the (*ost of repair on the delicate screens ran very 
high. The introduefiou of the tube mill, and the 
division of (he grinding into a preliminary 
coarse grinding, and a liiiishing flne grinding 
effeeteti by this machine, made the fine grinding 
ail easy and inexpensive matter. [See page 2077,] 

The grinding of cement dilTors from that of the 
raw materials only in so far as tho cement is 
a much harder substance, although this in itself 
does not make much difference in tho grinding 
operation. Tho hardness of the clinker varies 
considerably, and tho output which can be 
obtained by mills of a certain size is therefore 
voiy variable. As a rule the clinker burnt in 
ordinary bottle kilns, either periodical or con- 
tinuous, is so much softer than that burnt in 
the rotary kiln that when a set of machines 
can reduce six tons per hour of anr average 
liottle kiln clinker, the same machines will some- 
times treat only four tons of a hard rotary 
clinker when grinding to the same fineness. 
Clayton Bbaolb and H. P. Stevens 
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Flying and Running Birds, Grouped into their Orders. Song 
Birds, Pigeons, Gulls, Game Birds, Eagles, and Aquatic Birds. 

THE CLASSIFICATION OF BIRDS 


B irds are vertebrates with hot blood (103° F., 
distinctly higher than in mammals), and by 
the possession of feathers, and the alteration of 
their fore-limbs into.wings, arc clearly marked off 
from all other animals which now exist, though 
they resemble reptiles in many ways, and are 
undoubtedly derived from the same ancestral 
stock. The digits of the hand have been re- 
duced to three, by loss of the fourth and little 
fingers, and there are never more than four 
toes in the foot, the little toe being always 
absent. No existing bird possesses teeth. 

There are some 10,000 living si)ecies (as against 
under 3000 mammals), which fall into two sub 
classes — flying birds {CarinatcR) and running 
birds (HnHtoi). 

FLYING BIRDS 

The flying birds include the vast majority 
of forms, and it is a difficult task to subdivide 
them into smaller groups, for the differences 
betw'ecn them are often c*omj3aratively trivial, 
and it is impossible to draw the sharp boundary- 
lines which w(^ have seen to exist in mammals. 
The older naturalists relied solely u[)on structure 
as obviously related to habits, and s^ioko of 
swimming, climbing, wading, scratching, perch- 
ing birds, etc., but this method of elassificaiioii 
is now considerably modified, for it brings to- 
gether some species which only resemble one 
another in a very superficial way, and separates 
others that are nearly related. TIu'ro are a 
very largo number of families groujx'd into 
orders; and it will here only bo possible fo give 
a very brief review of some of the irioro im- 
portant of them, omitting extinct forms, which 
are dealt with sex)arat(dy. 

Order 1. Perching Birds {Passerea), 
The largo order of perching birds, which is 
admittedly the highest, ineludes more than half 
(some 5500) of the known species, and the bulk 
of British “ small birds *’ are referred to it. 
The four-toed foot is adapted to perching, that is, 
firmly grasping boughs and the like, in accordance 
with which the backwardly directed great toe 
boars a comparatively large claw and possc^sses 
unusual powers of free movement. This typi? 
o£ foot may bo studied in a tamo canary. The 
y^mng are helpless, almost naked, nestlings. 

The song-birds (O.srmea), with somo of 
their close allies not specially remarkable for 
vocal powers, head the long list of perchers. 
It is interesting to note that the “ song-box ” 
(siifinx), which is the source of melody, does 
not correspond to tho “ voice-box ” (larynx) of 
mammals* for it is situated where the windpipe 
forks int6 a branch for each lung, while the 
voice- box is the modified top of tho same. 
Finohos and buntings (Fringillidce) are small 


birds with a strong, conical beak, well able to 
deal with seeds or with a mixed diet. Tlu‘ 
following are familiar British forms : (I old finch 
(Carduflis elegans), (ihaffinch (Fringillu cmlcbs). 
bullfinch (Pyrrhula europfra), linnet (LiiioUi 
tannabirm), yellow-hammer (Emberiza citrinella), 
and house-sparrow (Patispr (lome(ilicii.i). In the 
less common crossbill (Loxia carviroi^tra) tlu* 
upper and lower halves of the beak cross each 
other in seissor-liko fashion, an arrangement 
which facilitates tho extraction of seeds from 
the eom^s of pine, fir, larch, and tho like. 

The Americuii starlings (hteridcc) possess 
longer and Hiarrower beaks than the finches, and 
are inter(‘sting becatise they include the cow- 
birds (Mnlothrus), some of which, like cuckoos, 
deposit their eggs in the nests of more industrious 
songsters. One South American species (A/. 
rufoaxillaris) takes advantage in this way of an 
allied species (M. badiufi)^ which constructs a 
jiest in the ortliodox fashion. 

Weaver-birds (Ploeeuhv)^ most of which are 
African, though the family ranges east lo 
Australia, arc remarkable for the way in which 
they weave stalks and fibre's into rounded ncst^ 
with tubular entrances. Tho most familiar form 
seen in captivity is tho Java sparrow (Mnnin 
oryzhmra). The creepers (Certhikhr) are repre- 
sented in this country by the active little trct‘- 
ereeptu* (Certhia famiUaris), which may often be 
seen making its way up mossy walls and tree- 
trunks, searching for insect food wuth its slender 
curved beak, and using its stiff tail-feathers as 
a su])porl. 

The beautiful little sun-birds (Nectariniidff ), 
which range through thc^ hott i'i* ]>art3 of tho Old 
World, are often mistaken for humming-bird^, 
owdng to their brilliant metallic plumage and 
long, slender beaks. They rentier valuable 
service to many plaids by transferring iiolleii. 

Tho starlings {ASfttrntdn) are chiefly to be found 
in Africa and India, but are rt'jirt'sented in most 
parts of the Old World, and the common 
starling (Sfiirnu-^ vulgaris) is familiar in this 
country. It is even to be seen so far north as 
tJreenland. Tho long, pointed beak deals with 
animal food, but soimi species also eat fruit and 
.seeds. In Africa, tho ox-peckcr (Buphagn) 
devotes its attention to the ticks which infest 
cuttle and other mammals. 

Tho stout-billed crows and allied forms 
(Corvidee.) arc represented in almost all parts of 
the globe, and their food is of miscellaneous 
character. The best-known British species are the 
raven (Coruu^s corax)^ carrion crow (6\ corone)^ 
Yo6k(C. frugil^us), jackdaw (C»7nonedula)y mag- 
2 >io (Pku rmtica), and jay (Garrulus glandiriws). 

The birds of iTaradiso (Paradiseidee) of tho 
Australian region, dc'spite their beautifnl i>lumng<'. 
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arc closely related to the crows. Grouped with 
them are the more sober- phi iiiaged bower- birds, 
some of which are famous for the way in which 
they construct “ bowers ” for purposes of play, 
or even a “ garden,” which is made gay with 
Howers and berries, renewed as soon as they fade. 

The pretty little insectivorous tits (Paridoe) 
ore almost cosmopolitan, and haunt trees in 
search of their food. The blue tit {Partis 
coRruhua) is, perhaps, the pr€‘ttiest of our native 
species. The boarded tit {Panurns biarmicna) 
is now placed in a family of its own (Panuridfe). 

Nut-hatches (Hiftidcc), repn'sciitcd in Britain 
by the common nut-hatch {SUla ffvsiu), resemble 
tits in habit, but are of somewhat larg(*r size. 
Shrikes {Laniid(v) have strong bills, often 
strongly hooked in relation to their carniv'orons 
diet. Our commonest si)eei(5s is the red-backeil 
shrike or butcher-bird " (Ltmitta rol/urio). 
The latter name has reference to the eiirioiis 
l>racti(ie of imi)aJing all sorts of small crcNiturcs 
near the nest, to serve us a ” larder.” 

Swallows and martins {H irunditnd(v) are (o be 
found pra(‘tieally all over th<' world, and furnish 
the most obvious British example of migratory 
s])ecies. Th(‘ir marked pow'ers of rapid Highl, 
enabling them tt) catch insects on tius wing, 
arc associated with long, pointed wings, and a 
wcll-develofied tail, often deeply forki'd. 'riu‘ 
short, broad be«‘ik ean be opened ver>' nidely 
to receive the insect victims. The feet arc small 
ami feeble. TIkto arc three British speei(‘s, 
the swallow {Hirttttdo rnsticu). with rtxldisU 
throat and deeply forked greenish tail, th<; while- 
throated martin {(^hefidon itrbifa), and the sand- 
martin (CotHe riparift), w liich nests in sandbanks. 

The wrens {Troglodptuhi'), though very \vid<*ly 
distributed, are most characteristic of the hotter 
})arts of Ain<‘rica. Our little native wren 
{TrcHflodtjles parmdus), with its sliort, upturned 
tail, is often to be seen in hedges, using its slender 
pointed bill for the capture of insects and other 
small creatures, when these are to be had. 
In winter it largely feeds on fruits and set'ds. 

The w\ater- ousels ((HnvUdtf), which lut>k 
something like stoutly built wrens, frequent 
rapid U})land streams, in which they dive for 
insects and small molluscs. Our native dipper 
{Chrlus aqiiaticus) belongs to the family. 

The thrushes, warblers, and mocking-birds 
{Turdidcs) make up a cosmoxiolitan family, 
including many familiar forms, sonuj of which 
are noted songsters. Among British speci(*s 
are the following : 8ong-thrush (Tardus muskus), 
blackbii'd (T. nterida)^ wdieatear (Srijckola 
(xnanfk^.), robin (ErUhneas rubecula), nightingale 
{Daulias liisfinia)^ garden w^arbler (Etflvia 
horten.sia)y golden -crested wren (fityufus tri status), 
our smallest native bird, and hedge-sparrow 
(Arcentor modniaris). The mocking birds are 
American forms. 

Wagtails and pipits (MotaciUidcb) are among 
our^ liest-known small birds. The foi’mor are 
typically Old World forms, distinguished by 
the jerky way in w'hich they move their long 
tails up and down. Our commonest species 
is the water-wagtail (Motaeilla ktgubris), but 
the yellow wagtail (M. raii) is locally abundant. 
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The shorter-tailed pipits arc practically cosmo- 
politan, and are represented in Bgitain by 
a number of species of which the meadow i>ipit 
(Anlhus pratensis) is typical. 

Larks (Akmdidce) are mostly Old World 
forms, generally distinguished by the long,' 
straight claw of the great toe. The only species 
W'hich nest in this country are the skylark 
(Alavda arvensis) and woodlark (Lvllula arhorea). 

There are many othc^r families of perchera, 
but as none are represented* in Britain mention 
of them will be omitted here, though allusion inoy 
be made to some of them in the sequel. 

Order 2. WoodpecKer-lihe Birds. 
(Pienruv). Hero are included a large number of 
short -legged birds, which mostly dw'cll in trees, 
and commonly make their nests in holes. As in 
l>erchers, the young are helpless nestlings. 

Woodpeckers (Plridiv), as represented by the 
most typical members of the family, possess 
climbing feet, in w'hic^h the fourth as w'c^ll as the 
first toe is directed baekw'ard. The stiff tail- 
feathers also serve as a support. The x)owerful 
beak is well suited for breaking open rotten 
w’ood in Kcareh of insects and their larva*, whiU) 
the wormliko tongue is ea])able of an extra- 
ordinary degrc'o of protrusion. Covered with 
glutinous saliva, it easily sc'cures the pn^y. aided 
by its hard, barbed tip. The cornmoriesf British 
species is the gnm wo<)dp(‘cker (Gecinus viridis), 

Tli(‘ brilliantly coloured toucans (Hhamphas- 
tidtc) of South America are distinguished by 
the poHH(‘ssion of an (*normou8 beak, greatly 
flattened from side to side. Tn a wild state they 
art‘ sup[)osed to live ehicHy on fruits and seeds. 

Of Imrbets and honey-guhh^s {Cnpifonidtp) the 
former arc somewhat clumsy birds of bright 
plumage, w'ell re[>re.sented in thc^ tropics, but 
the chief interest of the family is centred in the 
honey-guides, native to Africa, the Himalayas, 
the Malay l^eninsula, and Borneo. Some of the 
African species are ussortc'd, on good authority, 
fo lead the w'ay to bees’ nests, their share of the 
j;hjnd(*r being apparently the grubs in the combs. 

Passing ov(*r the brilliantly coloured trogons 
(Trogonidiv) of tropical regions and the actively 
climbing little mouse-birds, or colics (Colildw), 
of South Africa, wo come to the American 
family of humming-birds (Trorhilidoi), which, 
though mostly found in the tropical parts of 
the New World, range from Tierra del Fuejsjo 
to Sitka. Their wonderfully coloured metallic 
plumage almost defies description, and their 
wings can be moved up and down so rapidly 
as to be almost invisible, producing at the same 
time the humming soxind from which the popular 
name has been derived. Like the African sun- 
birds, they render s<n*vice to a number of bright- 
blossomed plants by transferring pollen. 

The swifts (Cypselidm), represented in Britain 
by one species only (Cypselus ajnis), if rare 
stragglei*s arc ignored, closely resemble swallows 
in appearance and habits, but differ from them 
in many structural features. 

The goatsuckers, or nightjars (Caprimulyidm), 
share with bats the work of hawking for insects 
after sunset. Some species, however, feed during 
the day. Our harmless nightjar (Caprirmtlgua 
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europcBm), though much maligned, i« a most 
useful bird, which wages war on many insect 
pests. It is greatly aided in this pursuit by 
an unusually wide mouth, fringed with bristles.' 
A well-known foreign species is the whip-poor- 
will (Anirostomm vociferus) of America, while 
the more-i)ork bird {Fodargns cuviert.) of 
Tasmania belongs to a closely related family. 

The best-known members of tlio hoopoes 
family (Upiipidcc) arc distinguished by the 
possession of a beautiful crest on the head, 
well seen in the common species IJpvpa epops, 
which ranges from Britain (where it is an 
occasional visitor) to Japan. 

The hombills {Bucerotidee) of Africa, India, 
and the Australian region are remarkable for 
their enormous beaks, upon the upper side of 
which is often a large 2>rojeetion known as a 
“ casque or helmet. 

The bec-eaters (Meropid(n) arc brilliantly 
coloured birds, with slender, curved beaks, 
found in most i^arts of the Old World. One 
s[>ecies (M^ops apiasier) occasionally wanders 
to our southern shores. The same bird is well 
known and dreaded by bee-masters in iSj)am. 

Kingliahers (Alcedinidw) are nearly alt natives 
of the Old World, possessing long, ijow^eriul 
beaks, and, for the most j)art, brilliant j)liunag<^ 
The third and fourtk toes of their comparatively 
feeble feet are largely united together. This 
peculiarity probably assists our native species 
(Alcedo ispida) to maintain its hold easily on 
some branch near a stream while it patiently 
awaits the fishes upon which it preys. 

Cuckoos (Ciicutuhe) are widely distributed 
through both hcmisi)heres, but only the Old 
World species, and not all of those, trade on the 
parental affection of other birds. The feet 
resemble those of woodpeckers. Our native 
cuckoo (Cuculus miiorus) is not unlike a hawk 
in appearance, and the familiar love-call, which 
is uttered by the male bird only, is not a general 
charactciistic of the family. 

Order 3. Owls {Striges). There is only 
one family .(Strigidw), including familiar noc- 
turnal birds of prey, with soft plumage, largo 
eyes, and hooked bea^s. Their general appear- 
ance is too well kno>vn to need detailed descrip- 
tion, but it may be mentioned that the fourth toe 
iitan be turned cither forwards or backwards at 
will. The young are helpless. Owls are found 
all over the w'oiid, and the most notable British 
j9^,ecie8 is, ijcrhaps, the barn-owl (Strix flamniea), 
Vvhich even yet •awakes superstitious fears. 

Order 4. Parrots (Pailtaci). Here, again, 
we have but a single family {Psiitacidie)^ with 
some members of which everyone is acquainted. 
Climbing feet are present, with well-curved 
claws, but the most remarkable feature is the 
prominent hooked beak, the upper part of which 
is movable, being united by a hinge- joint to the 
skull. This increases its efficiency for botfi 
feeding and climbing purposes. The young are 
naked and helpless. 

Parrots are most strongly represented in the 
Australian region and ^uth-east Asia, after 
which comes >South America. Africa and South 


Asia arc pretty w'cll of! in the number of species, 
but only one is to be found in North America. 

The curious nocturnal kakapo, or ground 
parrot, of New Zealand (Stringopa), has almost 
lost the power of flight, and radiating feathers 
round the eyes give it an owd-like appearance. 
The prc'tty little grass parakeets, or budgerigars 
(Melopaiitaciia), arc natives of Australia, wlulc 
the name ‘‘ love-bird ” is given to some small 
African (Agapornis) and South American {Pait- 
iacnltt) forms. Well known are the African gr<iy 
parrot {Paittacua erithacua), notable for its 
imitativ’^o powers, and the gaudy American 
macaws. The created cockatoos (Cacaiuinai) are 
only to be found in the Australian region, and 
north from this to iho Pljili2)2)iuo Islands. 

Order 5. Pigeons (Columhw). These are 
jJumply built birds, with nostrils situated 
within a bare patch of swollen skin (cere) at the 
base of the beak, which is well developed, and 
mostly suited to vegetable food, for the tempor- 
ary accommodation of wdiieh the gullet is 
swollen into a largo crop. Only the first too 
is turned back, and the feet are suited botli for 
perching on trees, which are the usual hom<*, 
and })!*ogression on the ground. The young arc 
naked and helpless. 

Pigeons and doves (Golumbidcey arc very 
widely disfribiiled, and of the |our British 
si>ccies the roek-dove (Oolurnba livia) is most 
interesting, as representing the ancestral stock 
from which all the domesticated breeds of 
pigeon have arisen by artificial selection. The 
large crowned pigeon (Ooura coronata) and allied 
species, native to New Guinea and the adjacent 
islands, are perhaps the most striking forms. 

Order 6. Gulls and Auks (Z^re- 
fortnes). The gulls (Laridw) are very widely 
distributed sea-birds, of which the staple diet 
emsists of fish and other marine animals, 
though at times they may migrate inland for 
feeding jiurposes, as well as for breeding. The 
feet are W'ebbetl, and the great too is small. 
The young are fairly hel|)les.s. Our commonest 
native species are the common gull (Larua 
ra?ina)y the herring-gull (L. argentatiia), and 
the black-headed gull (L. ridibundua). The 
terns, or sea-sw'allows, are related forms, with 
})oirit.od tails and wings, and the common tern 
(Sterna fluviatilia) frequents the British coasts. 
The chief British nqircsentatives of the auk.s 
(Alcidm), w^hich resemble gulls in structure and 
habits, are the razor-bill, the guillemot, and the 
curious puffin or sea-parrot (Fratercula arctica). 

Order 7. Plovers (Limicolce). The birds 
of this order are cosmopolitan, and are dis- 
tinguished by the slender, often elongated, 
beak, while many of them are long-legged 
waders. The feet are not webbed. The young 
are covered with down when hatched, and soon 
learn to look after themselves. 

Of well-known British species belonging to 
the chief family (Gharadriidos) the following may 
be mentioned ; Golden plover (Charadrhis 
pluvialis)^ ringed plover (MgialUis hiaticula), 
curlew (Numeniud argucAa\ lapwing or peewit 
(Vanellua criatatus)^ epmmon sandpiper 'Totanua 
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hypohucus), xroodcock {Scolopax rustkola), and 
common snipe (QalUnago cmlestis). 

Orders. Rails These are some- 

what primitive forms, in which the laterally 
flattened body facilitates progress through grass 
and thick undergrowth. Many of them have 
lost the power of flight. The young are covered 
with down w'hen hatched, and able to run about. 

The best -known British species included in 
the single family {Rallida*) is the landrail, or 
corncrake (fVr.r pratfinms)^ and of a(|uatic forms 
wo have the water-rail (Rallus aquaiicm), moor- 
hen {(MUinula Moropvs), and coot {Fulica (itm). 

Order 9. Bustards and Cranes (Alec- 
torideji). These are long-leggtxl birds, the young 
of which }\re well developecl when hatched, as 
iq^ the last order. 

Bustards (Otididm) arc Old World forms 
W'hich mostly live on plains. The great bust aril 
(Otis tarda) was once a native (»f Britain. 

The graiiefid cranes (Qruidiv) arc widely dis- 
tributed waders, of which one species, the 
common crane {Or ns communis), was a native 
of Kast England till the end of the sixteenth 
century, but is now’ only a rare visitor. 

Order 10. Game Birds if). Tho 

inombors of this order arc ground-birds, with 
strong, blunt-clawed feet adapted for scratching 
up the ground in search of foml. Their young 
are soon able to take care of themselves. 

Apart from the rnound-buildcrs (dfcj/apod/n/if), 
the curious nesting habits of which will be else- 
where mentioned, the only family rc<|uiring not i< e 
is that including pheasants and their allies 
{Phasianidfc), some of which are to be found 
native in most )mrts of the world. Several 
familiar domestieatiHl birds belong here — cjj., 
guinea-fowl, which have been dorivod from a 
West African species {Xnmida meicngris) ; and 
tuikeys, descended from a North American form 
{Meleagris gnllojutm). The red jungle-fowl (6V//- 
Ih 8 bankiva) of Soutli Asia is ancestral to domes- 
tieat(*d fowls, and the peacock {Pavo crislntns) 
W'as originally native to the same ngion. 

Tho following game-birds and ornamental 
forms also belong to the pheasant family: 
Argus pheasant (Argusianns argns), golden 
pheasant {Chrysnlopkus picius), common pheasant 
{Phasianns colchicns), common quail (Coturnix 
communis), partridge (Perdix cincrea), caper- 
caillie {Tetrao nrogallus)^ black grouse {Lyrurus 
tetrix), red grouse {Lagopms scoticus) — the only 
undoubted species of bird restricted to Britain 
— and the ptarmigan (Lagopna mutus). 

Order 11. Eagles and Vultures 
(Falamiformes), Tho predaceous character of 
tho members of this order is clearly indicated 
by the strong, hooked beak and the imwerful 
talons. The great toe cannot be turned forwards 
at w ill as in owls. Tho young are helpless, and 
remain for an exceptionally long time in the 
nest. Members of this order are to be found 
all over tho w’orlil. 

As a typo of the larger members of the falcon, 
family^ (Falconidce) the golden lagle (Aquila 
dirysaitus) may be taken. This handsome bird, 
or some allied species, served as the emblem of 
Rome in older times, and contributes largel 
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to the heraldry of modern Europe. It breeds 
in Scotland (here and there in Ireland also), 
and has a very wide range in the Northern 
Hemisphere. A number of smaller species be- 
longing to the family are also British, and of 
these the kestrel (Falco tinnunenlua) and 
sparrow-hawk {Aceipiter nisus) are familiar. 
The bare-necked, carrion-feeding vultures are 
divided into two families, of which one (Cathar- 
tida ) includes the American forms, and the other 
( VuUuridcB) tlie Old World sl)ecies. The gigantic 
condor (Sarcorhampus gryphvs) of the Andes, 
with its 9-ft. spread of wing, is surpassed in 
size by no other existing flying bird, while tho 
little Egyptian vulture (Neophron perenopterus) 
is one of the smallest members of the group. 

Order 12. Ducks, Geeae« and Flam 
ingoes (Anseres). The species of this large 
and cosmopolitan order are web-footed, aquatic 
birds, mostly ))osj^essing a flattened bill. The 
young arc able to run as soon as hatched. 

One extensive family (Anatidai) includes ducks, 
geese, and sw'ans. Our w ild duck (Ap^s hoschas), 
ancestral to the domestic form, is a typical 
representative of the first group. Of diving 
species the eider-duck {Stmiateria nioUissirna) 
is one of our winter visitors, while teal (Querqnc- 
dvla crecca) and widgeon (Marcca penelopc), 
both non-divers, are (‘otnmon objects of sport. 

Of geese in(lig(‘rK)US to Britain, the grey lag 
(Anser cine reus) is perhaps the best know'll, 
and the domestic, form is probably descended 
from it. Swans are characterised by their long 
necks and short er hills. The w hite sw an [Cygnus 
olor) is common throughout Europe, and also 
ranges into Asia and North Africa. The black 
swan (C. atratus) of Australia and the black- 
necked swan ((', nigrirollis) of South America 
are remarkable on aeronut of their colour. 

The long-legg(‘d flamingoes (Phonicopferida) 
are transitional to the storks, and possr^ss a 
large beak, of which tho end is sharply bent 
down, while red is the prevailing colour of their 
plumage. The eommoii flamingo {Phanicop- 
terus roseus), w idely distributed through Europe, 
Asia, and Africa, is rose-coloured. - 

Order 13. Herons and Storks (HerenP 
i(mes). The long-legged waders which make 
up this order are representcil in all parts of the 
world. The beak is long, strong, and pointed, 
and tho feet are never more than partially 
webbed, Tho young are helpless. 

Herons (Ardeiditi) are chiefly represented in 
Britain by the grey heron (Ardea cinerea), to 
which tho bittern {Botauru^9 steUaris), now only 
an irregular visitor, is allied. 

Of storks (Ciconiidee), the common white 
species (Ciconia alba), occasionally seen in the 
east of p]ngland in spring, is sufficiently abundant 
in Europe, from w hich it migrates in late summer 
to Africa. The bald-head<S adjutants or mar- 
about storks, with huge beaks, are among the 
most amusing inhabitants of the Zoological 
Gardens. They are indigenous to Africa and 
India, and the bareness of the head is an adapta- 
tion to the carrion-feeding habit. 

Order 1 4. Pelicans and Cormorants 
(Steganopodea), This order embr^s short- 
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logged aquatic forms, wbich chiefly feed upon 
fish. All four toes are connected by webs. 
The young are helpless. 

The pelicans (Pelecanidfe) are comical-looking 
birds with a very large 
beak, on the under side 
of which is a large pouch 
for the temporary I'eception 
of food. The common white 
pelican {Pelecanm onocrota- 
lus) is native to South-east 
Euro{)e and parts of Africa. 

Cormorants {PJtalacrocora- 
cidce) are .among the. mopt 
industrious fishermen of the 
sea-coast. We have two 
nature species, the large black 
cormorant ^Phalacrocorax 
varbo) and the small green 
cormorant or shag (P. gracu- 
lus). The gannets (Sulidoi) 
are represented in Britain 
by the* common gannet or 
solan goose (Snla basmna), 
of which a noted breetling- place is the Bass 
Rock in the Firth of Forth. 

Order 15. Petrels and Albatrosses 
(T'uhinares). The strong, somtwhat hooked 
beak of the birds included in this order is well 
adapted for fish-eating, the feet are webbed, 
but the great toe is redueetl or absent. The 
nostrils are placed at the end of short tubes. 
Many of the sj)ecies 
freejuent the open 
.sea. The young are 
helpless. 

There is but one 
family (ProceUariidee), 
of which the following 
members may be 
noticed ; The storm 
petrel ( Pnwdlaria 
pe^ica), known to 
.sailors by the name of 
“Mother Carey's 
chicken,” and the 
wandering albatross 
( Diomedea exiilans) 
with an enormous 
pproad of w'ing. 

Order 16, Divers 
and Grebes (Pygo- 
podes). This is another 
group of thorouglily 
aquat ic birds, well 
adapted to the pursuit 
of fish. The strong, 
sharp Ijeak is flat- 
tened from side to side, the legs are set on very 
far back, and the feet arc much as in the last 
order, except that in the grebes they are not 
w^ebbed, but the toes are fringed with flaps of 
skin. The young are helpless. 

Our commonest native species of the sharp- 
beaked divers {Coly^nbidce) are the great northern 
diver (Colymbus glacudis) and the rod-throated 
diver (C. ^epterUrionalia), Two of the grebes 
(Podidpedidaf) haunt our inland waters, the 
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great crested grebe (Podicipes criatatus) and the 
little grebe or dabchick (P. fluviattlia). 

Order 17. Penguins (/mpenne^). Treso 
curious inhabitants of the Southern Hemii^'phere 
are all placed in one family 
(SpheniacidiB), of which the 
members are better adapted 
to an aquatic life than any 
other bii^s. The wings are 
u.scless for purposes of flight, 
but are converted into effi- 
cient paddles. All the toes 
are connected by w ebs except 
the small first one, and the 
legs are set on exceedingly 
far back. The sharp beak is 
straight, and the young are 
helpless when hatched out. 

RUNNING BIRDS 

The running birds, charac- 
teristic of the Southern Hemi- 
sphere, have lost the pow'er 
of flight, in accordance with 
which the breast- bone has no projecting keel. 
They have .specialised for swift progression on tlu^ 
land, and the feathers are loose in texture. The. 
young are able to run about as soon as hatched. 

One family {Strnthionidm) includes only 
the African ostrich {Strutino catnelus), the 
largest existing bird, being as much as 8ft. 
high. Only the third and fourth toes are 
})rescnt, the formc'r 
l)cing much the larger. 
Both are piwlded be- 
low, like the extremi- 
ties of camels, and 
for the same reason. 

►South American 
o.st riches (lihtidai) are 
smaller forms, possess- 
ing three toes. The 
same number of digits 
are prc.sent in the cas- 
sowaries (Casuariidai) 
of North Australia, 
New Ouinea and the 
adjacent islands. The 
black plumage is hair- 
like, and the neck is 
more or less bare, and 
usually wattled, those 
])arts being brightly 
coloured. There is a 
bony outgroAvth, or 
‘ ‘ helmet,” on the head. 

The threc-toed 
emeus (Dromceidee) are 
not unlike cas.vow’ariep., though somewhat larger, 
but possess neither the brightly coloured bare 
patches and outgrowths in the neck region 
nor the “ helmet ” of the latter. ^ 

The kiwi {Apteryx) of New Zealand represents 
still another fai,mi\y {Apteryy idee), and is the 
only living running bi^ possessing all four toes. 
It is about the size of a large fowl, and its long, 
narrow beak is used in probing the ground for 
earthworms. J. R. AINSWORTH-DAVI8 
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Development of Electric Supply. Steam-turbine and Internal'^Com- 
bustlofl Sets. Power-station Design. Utilisation of Water Power. 

ELECTRIC POWER STATIONS 


poWER stations for the supply of electrical 
^ energy have a very interesting history. 
Thirty years ago they were, in fact as well as in 
name, “ central ” stations, the controlling factor 
in the choice of a site being its relative distance 
from the centre of the area to be supplied. 
The station conslstcil of a boiler-house equipj.HM! 
with two or three boilers, generally of the 
“ Lancashire or “ Keonomic ’* type, and an 
engine-room, where ot>en-type non-condensing 
engines of 21X) or .‘100 h.p. (or less), drove, by ro}>e.s 
or belting, small dynamos generating continnous 
currents at a pressure of 100 to 120 volts. The 
coals usually had to be carted to, and the ashes 
carted away from, the station, the water for 
the boilers being supplied from the public mains. 

London's Electric Power. in 1012 
there were, in the County of London alone, 38 
generating station.s, .su])plying electric energy for 
jmblic lighting and ])ower pur])oses. These 
represented a capital outlay of over £2 1 ,(X)0,(X)0, 
and they were large (mough to deal with a total 
maximum load of 1(»3,0()0 kilowatts. Their 
engines represent a total equipment of about 
200,000 h.p., and tluy produced in the year 
nearly 300,(KX),000 units. Adding to this tho 
energy used to supply the various railways and 
tramways worked electrically in the Oouiity of 
London, tho total number of units of electric 
energy used in 1012 was over t»75,000,(X)0 units. 

The Development of Supply. It is not 
pos.sibte hero to follow in dc'tail all develop- 
ments. The use of the three- wire .system of 
mains increased the permissible area of supply of 
the continuous- current system ; and later tho 
almo.st universal adoption of 2t)0-volt lamps, 
allowing a pi’essuro of 400 volts acro.ss the outer 
conductors of the maiiw, gave still another 
extension. With alternating currents it was 
usual, in the early days, to lay high-teiisioii 
2000- volt inaitLs in the streets, and to fix in 
consumers’ houses tiie necessary transformers 
to reduce the pressure. Experience, however, 
proveil that this very uneconomical, and the 
practice of constructing sub-stations with trans- 
formers large enough to supply the surrounding 
area l)eeame general. 

These coiwiderations matle it possible for the 
generating stations of both continuous and 
alternating current sy.stcms to be placed outside 
the area of supply, and more regard began to be 
paid to the advantage of placing the power- 
house near to a railway or to a canal or river, so 
that fuel and water could be obtained cheaply. 
Between 1 883 and 1880; belt-driven continuous- 
current sets gave way to Willans’ high-speed 
engines direct-coupletl to the generators ; and 
the “ Lancashire ” or “ Economic ” boiler to tho 
“ Babcock ” water- tube type. In alternating 
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current stations the tendency was to adopt slow- 
spcetl engines, and to mount the alternator ])arts 
on the periphery of the fly w hod, The sizes of 
units increa.sed. and the Beiliss and other enclosed 
types of engines competed with the Willans for 
general favour ; but till the coming of the steam- 
turbine, about tho year 1900, general practice u a-s 
along these lines. 

The Pioneer of Modern Power 
Schemes.' There were, however, in the early 
day.s, men who saw that the problem of electric 
power-supply could never be satisfactorily soh^ed 
by the erection of largo numbers of comparatively 
* small stations, and one of the.se men, Air. S. Z. de 
Ferranti, had the courage to think out tlie whole 
problem, and ))rotreed to put his conclusions into 
practice. Mr. Ferranti w'as conneerted with a 
company uhich was supplying part of tho West- 
End with electric light by means of alternating 
currents gt-ncrated at the Grosvenor Gallery. 
This company, the London Electric Supply 
Corporation, Limited, acting on Mr. Ferranti's 
advi(fc, bought a large riverside site at Deptford, 
where seaborne coal could be delivered direct into 
the station, and an unlimited water supply was 
available for condensing . Mr. Ferranti laid out 
the station for a flnal capacity of J20,0(.K) h.p., 
the first instalment of which were to be two 
1500 h.p. steam alternators. These machines 
were made and put into service, and two larger 
sets, namely 10,000 h.p. size, were ])arily con- 
structed. What these would have looked like 
hiul they been finished, and how they compared 
as regards size with modern turbine sets of cipial 
outfmt, is shown in 182. The energy was 
generated at 10,000 volts, and tran.smitted 
through specially made paper-insulated cables 
to Charing Cross, some six miles distant. 

This bold scheme was not entindy succes.sful, 
because it was so far in advance of the manu- 
facturing ability of the day, but perseveranctJ 
won; and, after surmounting many unanticipated 
difficulties, tho station is now a thorough 
suc(^ess, andtho pioneer of practically all modern 
power schemes. For some years very few 
ventured to follow in Mr. Ferranti’s .steps, and 
central station })rogres.s was rather in the gradual 
development of the loc*al station. 

Power Stations. Tho coming of the steam- 
tiirbine, with its possibilities of economical 
working, led the Newcastle-on-Tyno Electric 
Supply Company, about the year 1900, to erect 
the Neptune Bank generating station near 
Nowcastle-on-Tyne, and soriou.sly to begin tho 
business of supplying electrical power at low 
prices for industrial purposes. 

This station wtis the first of what may bo 
termed British central electric power stations. 
A plain building of workmau-iil^e exterior 
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housed a number of turbo-alternators ^vhich were 
supplied With steam iSbm a battery of water-tube 
boilers. The turbines worked with condensers, 
and every eilort \i*as made to keep down the total 
cost of generating energy. The venture was 
a great succjcss. 8o many of the neighbouring 
engineering and other works decided to purchase 
power that soon the station was fullj^ loaded, and 
hirger stations at Carville and Dunston have had 
to be built. The result of this enterprise is that 
during the last ten years an extensive network 
of high-tension electric mains has been laid 
down in the Tyne industrial district, and, at 
the present time, a great part of tlic power used 
is supplied from one or the other of the central 
electric power stations. The effect on the com- 
mercial })rosperity of the district lias been very 
maiked, the purelia^scrs getting their pouer at a 
very low price, which the conditions of supply 
render profitable to the company. 

T1 0 example of the Tyne undertaking caused a 
number of power 


small, however, to allow for a complete sub- 
division of the boilers. 

Perhaps, however, the best idea of up-to-date 
jiractice for important stations is shown in 184, 
which illustrates the lay-out of one of the large 
]rower-hous^ which has been erected at Rosher- 
ville, near^ Johannesburg, by the ' Victoria 
Falls and Transvaal Power Company. In this 
station five 10,000 k.w'. turbo- alternators, six 
3500 k.w., an(l three 7000 k.w. turbo-driven 
air-compressors are accommodated. The plan 
shows the modern mctliod of sub-dividing the 
boiler plant into separate batteries, each of which 
is independent of the other, and supplies a 
definite section of the generators. In this way 
the sets are sub-divided, and a breakdown in any 
])art of the system alfocts only the particular 
section to which it. belong.s. This plan is generally 
followed in stations, both in this country and 
the United States, where some very largo power- 
houses have recently been cquipp^. 

S«vitch Gear. 


companies to be 
formed. Some of 
these, particularly 
those o])crating in 
the Lancashire, 
Yorkshire an<l 
Clyde districts, have, 
proved successful ; 
otheis have not yet 
got over their early 
stnjgglc^ to find suf- 
ficient customers to 
mako tlio under- 
taking pay com- 
mercially. 

• 1 n the chapt ers on 
dyramo and alter- 
nator design red'er- 
ence has been lUiide 
to the large gener- 
ating units which 
the perfecting of the 
steam turbine has 
made possible. How' 




182. 10,000 H.r. STEAM AETEUNATORS OV THE LDNDON 

ELECTRIC SCITLV ( ORPURATIUN IN 1012 AND 
Tljo to th. 


Much might bo 
written about the 
switch gear neces- 
sary for the control 
in these large sta- 
t i ons. The s wit ches 
themselves are 
generally placed in 
separate lireproof 
(liambers, and are 
operated electro- 
magnotically by 
means of small cur- 
rents controlled 
from a cent » 1 point. 
Fig. 188 giv ' an 
idea of siu-ii a cen- 
I ral j)oint from 
which the sAvitch 
gear of a large 
station is controlled 
and operated. The 
old system of crowd- 
ing the switch and 


these large sets are sometimes congregated under control gear into as small a space a.s possible in 


one roof is slioivn in 183, whicli illustrates the 
interior of the Lots Road pow er house, Chelsea, 
where eight 60(K) k.iv. turbo-alternators are in 
daily use, supplying electric energy to most of 
the London uiirfergrouiid railways. 

Station Design. Inhere aro many points 
in power-station design w^hich it is not pos.siblo 
to deal with in detail here. Enough has been said 
to show the great importance of generating at 
the loAvest })os8iblo cost consistent with re- 
liability of supj)ly. This means careful planning 
of the lay-out of the station to reduce the risk 
of breakdown to a minimum. Fig. 185 gives a 
very fair example of modern practice for a 
medium-sized station. It represents the new 
power-house at Stoke-on-Trent, where there are 
two 1500 k.w. turbo-alternators, with provision 
for a thinly set. The boilers are as near as 
possible to the generating units, and the steam 
pipes are arranged so as to permit any boiler 
to supply any generator. The plant is too 


the engine-room is noAV generally abandoned, 
and the switches, at any rale, and often the whole 
control gear, are placed in either a separate 
room or a separate building. 

Power Costs. There arc tAvo things which 
have much to do Avith the coat at w hich electricity 
can profitably be sold. One is the load factor, 
and the other the diversity factor of the demand. 

Suppose a largo station Avith its notAVork 
of cables is ready to supj)ly, say, 6000 k.w. at 
any moment. Its cost 6f production may bo 
divided into tAVO parts; (1) The total interest 
and sinking fund charges on tho capital cost of 
the undertaking, Avhich are a fixed sum Avhat- 
ever the output of the station ; and (2) the 
actual cost of Avorking, w hich includes the outlay 
on fuel, water, oil, and other materials, the 
wages of the men, salaries of the staff, and 
similar charges. These are variable, and^ depend 
upon the output; that is, on the number of 
units of power sold. 
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The l#oad Factor. If the capital oatlay 
of the above undertaking be taken at £260,000, 
interest and other capital charg*^ at 6 per cent, 
would mean that a sum of £15,000 per annum 
would have to be found for these charges, what- 
ever the output. If the whole of the running 
plant were supplying electric energy day and 
night throughout the whole year, the number of 
units sold would bo 5(^(X) k.w. x 87<K) hours 
per annum --43, 800,^ units. This output, if 
obtained, would impl^ a load factor of 100 p 4 ^r 
cent., because the whole running plant would be 
working at full load all the- time. If the output 
were half this amount, or 21, 900. OIK) units, the 
load-factor would bo 50 per cent., because the 
output is equal to the whole running plant 
w'orKing at full load 50 per cent, of the time. 


The figures taken as the cost of production 
are near those which would probably be realised 
in practice. They include rates, salaries, and 
office expense's, as well as fuel, water, oil. and 
wages. The last column shows what a very 
important item loail factor is in determining the 
total cost of proiluciiig energy, and in the jiistili- 
cation for the low prices which are often charged 
to long-hour power consumers. For instance, a 
price often (pioted to such a consumer would be, 
say, £4 per annum per k.w'. of maximum 
demand, plus Jd. per unit. 

The Diversity Factor. The second im- 
portant consideration is termeil the diversity 
factor, 'rhis factor really determines the number 
of consumers which an undertaking may safely 
connect to its mains. It is found by observation 



183. INTEEIOE OF LOTS ROAD TOWER-HOUSE, LONDON, \VHEltK EIGHT 6000 K.W. TURBU-UENKRATOUS 
ARB IN DAILY USB. (From a photograph by Messrs. (’. A. Parflons A- Go.) 


The load factor means the rat io, expressecl as 
a pi^rcentago, of the actual output to the possible 
output if the whole of the running plant had 


Per- 

ceutnjue. 

Factor. 

Nnof llulti 

pin* a) mu 111 . 

— 

m 

Coht of 
I'ro- 
ductiou. 

rApifil 

Olllrl'iCCIl. 

Total 

CoHt. 

ToUl 

CoMt 

pur 

Unit. 

10°/? 

20% 

40% 

80% 

100% 

438,000 

4.380.000 

8.760.000 

17.520.000 

36.040.000 

43.800.000 

Pfiite. 

l-.>0 

0-00 

0*60 

0*40 

0*30 

0*25 

1 

£ 

2,737 

16,420 

21,900 

29,200 

43,800 

45,630 

15.000 

15.000 

15.000 

15.000 

15.000 
15,000] 

17,%7 

31,420 

36,900 

44,200 

58,800 

60,630 

PeiiM. 

9-72 

1-72 

101 

0-61 

0-40 

0-33 


been working at full load eVery hour of the year. 
What induence the load factor has upon the 
total cost per unit is shown in the table above. 


for each district. In the above instance, w ben I be 
running load — extiliiding spaces -at the station 
ivS 5(K.K) k.w., motors or lanqw might he con- 
nected to the main till the total nominal load 
roachcfl 5<K)0 k.w. If, now, the actual load 
at various times of the day were iusccrtairicd, 
it would probably be found that, owing to all the 
rnotoLS not being in use at full load, and all 
lamps not being alight at the same time, the 
maximum output would not exceed, say, 
3000 k.w. The diversity factor would be the 
ratio of the total connected load to the maximum 
demand on the station ; that is, 5000 -r 3000 
1-66. This means that the station could safely 
connect to the mains a nominal load .of 6000 x 
1*66 = 8300 k.w., in motors or lamps, without 
being obliged to increase the plant in the station. 
This fact enables the capital charges to bo better 
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allocated than in the rough way phown above. 
Ft is the use which the central-station manager 
makes of his knowledge of the character of the 
supply that enables him to frame tariffs which 
are at the same time attractive to the consumer 
and profitable to his undertaking. 

Separate Supply. Electric power supplied 
from public supply mains finds as one of its 
principal rivals the independent generating plants 
which are somotinios installecl in individual 
works. These plants may be driven by steam, 
gas, or oil power. It would bo interesting to 
examine carefully the claims of these varied 
methods of generating elc^ctric power, and to 
compare them to the large power station. It 
must suffice to say that this problem largely 
resolves itself into 
questions of capi- 
tal outlay and load 
factor. 

Now, internal 
combustion en- 
gines using gas or 
oil have much 
higher thermal 
eflitaencies than 
steam-engines, and 
from the point of 
view of getting the 
maximum amount 
of electrical energy 
f r o in a give n 
weight of fuel they 
are much superior 
to steam-engines, 
especially if the 
distribution losses 
of public supply 
be taken into ac- 
count. In very 
many cases, how- 
ever, the greater 
convenience of the 
]mrchased energy, 
the absence of need 
for laying out 
cajiital on private 
generating plant, and the fad that- the average 
cost remains low, often detcnninc a consumer to 
contract with the supply-station to supply him 
elect rically w it h the pow’er he needs in his works, 
and not to generate that power himself by 
engines of his own. 

Gas-Driven Electric Power Stations. 

The internal combustion engine has undoubtedly 
a future in regard to the central -station work. 
Had it not been for early failures, and the advent 
of the steam-turbine, it would no doubt have 
come into more extended use before this. In 
small stations the Diesel oil-engine, with its 
power of using cheap fuel and its high thermal 
efficiency, has been adopted in a number of 
eases wdth marked success, the absence of stand- 
by losses helping to reduce the station working 
cost. Such engines are. however, very costly, 
and they are not available in very large sizes. 

The gas-engine has a fine field when it can be 
installed near blast furnaces, or, indeed, in any 
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place where it is possible to get hydro-carbon 
gas at a low price. This is the case in Westphalia, 
where many large gas-engines are working with 
blast-furnace gas ; and in Durham, where several 
large gas-engine power-stations have been 
erected to utilise the waste heat from various 
industrial processes. The most general way of 
utilising gas- power is, how^ever, to convert the 
fuel into producer-gas, and to pass this direct 
into the cylinder of the gas-engine. The process 
is more direct than using *steam as tne inter- 
mediary betw^een the fuel and the engine, and 
the heat losses are much less. A very complete 
producer and gas-engine plant has been installed 
at the Runcorn works of the Castner- Kellner 
Company, who ivse over 20,000,000 units 



every 

electro 


year for 
■ chemical 


pur[)oses. 

The Gas* 
Engine at 
WorR. In gas- 
producer plants 
the fuel is heated, 
and a known 
(juautity of either 
air, or air and 
steam, is yjossod 
through the in- 
candescent mass. 
If the coal is soft 
and bituminous, 
the resultant gases 
contain a high 
])ercentago of 
tarry matter, 
which must bo. 
removed from the 
gas before it 
reaches the en- 
gine. Such a gas 
will bo rich in 
hydrogen. If the 
coal is hard, re- 
sembling anthra- 
cite, there will be 
Jess tar in the gas, 
the cleaning will easier, and there will be less 
hydmgen and more carbonic oxide. Both sorts 
of gas, if (carefully cleaned, are very suitable for 
gas-engines. 

The gas-engines now in use are largely of the 
horizontal type, operating on either the two- 
stroke or four-stroke system. These engines are 
now made in sizes up to 3000 h.p. As they run at 
slow speeds, they are bulky iiiid occupy con- 
Hid<?rable space. The high efficiency of a gas 
jilant w^orking at or near full load is a great 
factor in its jfavour ; and it is probable that 
several steam stations may instal gas plants in 
the near future. If they do, it will be with the 
object of reducing their cost by working the gas 
plant at or near full load to eax^ the steady part 
of the daily load, and to use ste^m plant for the 
t>eak loads. 

In cases of the installation of large producer 
gas plants using bituminous coal, it is possible 
by adopting the Mond system to obtain from the 
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185 . VLAN SHO\^^NO THE GENERAL LAY-OUT OF THE POWER STATION AT STOKE-ON-TRENT 


gas, hvfore use, such a quantity of ammonia follow, because the water power itself costs little 

sul]>hate as will ])ay all the fuel costs. It will or nothing, that the electric power produced is 

therefore be seen that, although there are necessarily cheap. Thisdependsupontheeharac* 

comparatively few gas-stations at present ter and cost of the civil engineering works —such 

working, there are reasons why they may in as masonry dams, forebays, intake canals, and 

certain cases conic into more general use. tailrac(*s — Tuu^essary to utilise the power. In 

Water Power Stations, Another type of many cases the cost of these works is enormous, 
electric power station makes usti of the energy and the interest charges alone may form an 

derived from falling w’ater. In this country important factor in the coat of the siipjily. 

suitable water [lowers for 
eicctric power stations are 
very few, and, so far as 
public electric light sta- 
tions of any size arc coii- 
(X‘med, Worcester and 
Chester are practically our 
only examples, and in both 
ea.ses the actual fall is 
very small. 

In {Scotland, at the 
Fall of Foyers, and at 
Kinlochleven, electric 
power houses of con- 
siderable output exist, the 
energy bt^ing usc'd for such 
industrial pur]K)ses as the 
manufacture of aluminium 
and calcium carbide. In 
other countries vast 
amounts of wMter powcT 
— or “ white coal,” as it 
is termed in France — are 
utilised for industrial pur- 
poses, the pow'er being 
e 1 e c t r ically transinittecl 
often over Jong distances. 

The United States, Canada, 

Norway, Sweden, Switzer- 
land, and Italy are a few 
of the fcountrics in which 
w'ater-pow’^er has been 

developed. It docs not 186. plan of power station an© porebay, trollrattan 
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Power from Waterfalls, The power avail- 
able from any waterfall depends upon two 
factors: (1) The quantity of water flowing per 
minute ; and (2) the height of the fall. Water 
powers are roughly divided into high-pressuro 
falls, where the quantity of water may be small 
btit the height of 
the fall is con- 
siderable; and 
low ])res8iire falls 
where the quantity 
is largo and the 
height of the fall 
low. different 
types of water tur- 
bines are used in 
the two eas(‘s» and 
efficiencies of 75 
[ler cent, to 80 per 
cent, are fre- 
finoiitly obtained 
with either class. 

An important 
factor in water- 
power w'ork is to 
soeuro a large 
re.servc of water 
above the. intake* ; 
h(‘neo it is frequ(*ntly ncce.ssnry to build largo 
dams tO'iTnj/oiiiid a sufficient quantity to ensure 
that the water supply shall remain constant 
through the year. 

Many oxainpk^s could.be adduced of water- 
power stations, bu^ a typical ease is the large 
power-house reeenfiv ereeted by the Swt'dish 
(loyennnont at Trollhiittan, wdiere at present a 
supply of 80,0(X) h.p. is available, and where 
eventually 200,000 h.]). will be available. The 
River (icita here brings 
the discharge from Lake 
Wener, atho largest lake 
in Sweden, w hich has an 
area of over 2000 squani 
miles. The powTr-houso 
is situated at the Fulls 
of Trollhattan, wliere a 
fall of J04 feet is avail- 
able. The present 
mini mum amount of 
water is over 4,000,000 
g'lllons per minute. The 
water is carried in a 
eaual to a large fort'- 
bay, as shown in 187. 
which is typical of 
w’ater-j)owc'r civil engi- 
1 1 (’ e ring work. ^J'he 

illustration gives some idea of the massive 
character of the wrorks necessary to impound 
and guide such largo quantities of water. 1'he 
building shown in tlic illustration is merely the 
intake for the eight large pipe lines which are 
led to the pow'e^-hous(^ iu4he valley, P'^igure 186 
gives in plan a relative idea of the size of the two 
buildings, and show's the pipe lines from the fore- 
bay to the power-house. These lines consist of 
steel tubes, about 14 feet in diameter and 137 
foot long, led through tiiunels blasted out oi 
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the solid rock. Three smaller pipes, laid in one 
tunnel in the centre, feed the exciter turbines. 
Each pipe lino feeds one turbine, which consists 
of two wlieelsi^enclosed in a common steel case 
fitted with automatic regulating apparatus. 
£;tch turbine runs at 187*5 revolutions 

minute, and w 
directly coupled to 
a three-phase 
alternator capable 
of developing 

11.000 K. V. A. at 

10.000 volts 25 
cycles per second. 
The size of the 
alternators needed 
for such outputs 
at the low speed 
may be gauged 
from the fact that 
the entire machine 
weighs 200 tons^ 
and the rotor 
alone 67 tons. 

A separate 
8 wi t ch-house, 
wdiich is illus- 
trated in 188, has 
been provided for this installation. It shows 
what expense i.s necessary in providing for 
even this one section of the work of trans- 

mission and distribution. The actual control is 
carried out from the generator-room, the main 
switch-gear being operated by means of magnetic 
relays That part of the supply which is used 
locally is transmitted to the various distributing 
centres at the generator voltage of 10,000 volts. 
By far the greater part, however, is transmitt^ 
' to distant points ; and, 

• in onhn* to reduce the 

trausmission losses, it is 
. transformed up tc^SO, 000 

; volts. The nccessaiy 

transfonuers for this 
purj)ose are placed in 
the switch -house. 

It should bo remem- 
bered that in thus 
raising the voltage to 
live times its original 
amount the current re- 
quired for a given power 
is reduced in the same 
proportion — namely, to 
one fifth. The energy 
losses in the line depend 
ujx)n the square of the 
current, so that they are reduced by the 
clmnge of voltage twenty -five times, or pro- 
portionally to the square of the increase in 
the voltage. 

It is this fact that has caused such high 
voltages as 60,1)00, 80,000, and 'even 100,(^ 
volts to be adopted in some of the very 
long distance transmission schemes which 
have been carried out in the United States 
and elsew here with considerable succeiss. 

SILVANUS P. THOMPSON 


INTEKIOR OF .SWITCH ROOM, TROLLHATTAN 
WATER POWER STATION 
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The Seven Positions. Half Positions. Higher Notes. ** Porta* 
mento. ^ Extensions. Four-string Chords. Double Stopping. 


THE POSITIONS 


l-JlTHBBTO tho hand has been in the normal 
* * position, tho top (’ havinij been played 
by stretching up th(\ little linger. The hand is 
said ta be in the First Position throughout the 
compass of two octaves up to top B, when so 
situated that tho first finger gives the noareet 
note above that of any open string. But, above 
the top C, obtained by an extra stretch of the 
fourth finger, the left hand of the violinist can 
stop ten extra notes on each string, those of the 
Iwo upper strings being of the better quality. 
Tlie method of fingering this considerable 
range of additional notes should therefore be 
thoroughly understood. 

Shift tne left hand towards the bridge a 
note higher than it has been when ])laying in 
the normal position. Be careful to keep the 
\vrist well down, and to Jot tho fingers fall per- 
pendicularly on the strings. The hand is now 
ill tlie Second Position, and the third finger no 
longer represents C on the fourth string, the 
second finger having become identified with that 
note. Amongst amatemr fiddlers it is a custom 


to go from the first to the third position without 
taking the trouble to learn the second. This is a 
slack habit. Tho second position is as easy and 
beautiful as the third, and the student who 
devotes attention to the former will later on 
reap his reward. 

li will be observed now that the open strings 
are no longer utilised. Tho sooner the student 
gets accustomed to fingering cveiy note the 
better. On account of the different quality of 
tho open notes, good players use them sparingly, 
and only when the tones they produce are 
otherwise unobtainable. We give in Ex. 13 the 
lingering of the four strings in fhe second 
position. 

When the hand is shifted up a nofe still 
further, it is in the Third Position. In this 
the ball of the left hand rests against the shoulder 
of the violin, th(' thumb acting as a brake, so 
that tlie hand d)t‘S not go too far. On ap- 
proaeliing the bridge, tho student will perceive 
that the notes lie near<a* each other, in eon- 
seqi\(‘nee, the lingers, especially M'lum stopping 


Ex. 13. 



4th string. 




i=pi 


.3rd string 

m 


SECOND POSITION 

2nd siring. 


- 1 — 




1st string 

X 3. 






i 



Ex. le. 


FIFTH POSITION 



1 . 2 , 
4th string. 


• 2nd si ring ' of........ i 


3rd string 


Ist string. 


Ex. 17. 
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semitones, come closer togeth<3r. Should the 
player’s tingors be thick at the tip, he may 
therefore, before stopping a half-tone, find 
it necessary to remove the finger which gave 
the preceding note. Here, then, the O on 
the fourth string is stopped by the first finger 
instead of the second, as in the previous 
position. [Ex. 14.] 

Inlaying the same scale in the Fourth Position^ 
and beginning on the note D, this will be stopped 
by the first instead of the second finger, as be- 
fore. [Ex. 16.] 

In fingering the four strings correctly, the 
left hand must now be more elevated over the 
edge of the belly and the elbow carried further 
under the violin, so that the fingers may be able 
to reiudi the G string easily. Hold the instru- 
ment firmly with the chin. According to the size 
of the player’s hand, so does the thumb leave 
t he nec*k of the fiddle and cling to the rim of the 
belly close to the fingerboard, and in returning to 
a lower position the thumb always leads the way. 

By slipping the hand up so that the first 
finger takes the place lately occupied by the 
second, the tingc^ring changes to that of the 
Fifth Position, [Ex. 16.] 

In the Sixth Position, instead of the index 
finger representing the first E on the fourth 
string, the hand moves up and the first finger 
presses down F. [Ex. 17.] 
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The lop note on the first string is now O 
(fourth ledg(*r line above staff), ^’liis is the limit 
within which second violin parts in orcJicstral 
music are written. 

The highest recognised position in violin 
playing is the Sreenth, the top not(3 of which is 
A, and the three semitones above — namely. 
A 5, B and (’ — indicate the limit at which 
stopped notes may be played on the fingerboard. 
In this position, then, the first finger gives G 
on the fourth string, exactly an octavo above the 
pitch of the open note. [Ex. 18.] 

High Notes. Savii that the higher the 
hand goes up the closer the intervals become, 
there should be, with practice, little more diffi- 
culty in fingering the seventh than the second 
position. The reason that the higher shifts 
are generally regarded as presenting groat diffi- 
culty is chiefly owing to want of familiarity 
with them, most violin music being written 
in the lower register. But the .mere fact 
of the intervals being close together in the high 
positions, and- a high note, if played out of 
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tune, being more noticeable than a low one, 
should stimulate the student to distribute his 
technical exercises at least equally over the seven 
positions. For the violinist to confine his 
attention to the first and third positions puts 
him on a level with the piano strummer, who is 
familiar only with the three centre octaves of 
the keyboard, and neglects all the other notes. 

It is not so much the difficulty in fingering 
as the trouble of reading many ledger lines that 
causes the student to hold aloof from tiying to 
master the top shifts. It is only by practice 
that great violinists have learnt to i*cad with 
equal facility notes high up above the stafli 
as those on it. Considering that the violoncello 
player must make himself conversant with the 
bass and tenor clefs as well as the treble staff, 
the task of the violinist is, comparatively, far less 
difficult. All that lias to be done is for the pupil 
to proceed systematically in his daily practice, 
and gradually he will find himself becoming as 
familiar with the top of the compass as the bott om. 


iion, unless he realises that great players have 
found it enhances the tone of certain melodies, 
which, like those in the key of B major, lie 
naturally within the half position. Like many 
other perplexities in violin playing, it is not so 
impracticable as it apj^ars to be. The only 
difficulty to overcome is to place the second 
finger correctly. [Ex. 19.j 

Whereas, in the second position, the low B 
is stopped by the first finger, and in the first 
position by the sec^ond finger, the hand being 
shifted nearer the nut, the same B is negotiated 
by the third finger. So the second finger takes 
the A two semilones above the open note of the 
Gon the fourth string, the E two S(*niitones above 
the open D of the third string, the B on the A 
string, and the or .FJf two semitones above 
the open E of the first string. 

Interchanging Positions. Having learnt 
to play in each position as well as th(i half 
shKt without moving the hand from its res- 
pective situation, the student should study to 
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Half Position. In addition to the seven 
positions described, there is what the Italians 
call the “ Mezza Manica,” literally tho “ half 
neck,” or shift. This is not midway between 
the first and second positions, as might be sur- 
mised. That w’ould make it a position and a 
half. Instead, the fingers stop the notes one 
degree lower than the first position. The hand 
must therefore bo kept quite close to the nut of 
the fingerboard. Let tho first finger touch 
tho E string peg. In music intended for tin*, 
half position, a low Fx is not infrequently 
written. Tho student observing it for the first 
time may think that it is below the compass 
of the violin, and that he will have to let down 
his fourth string slightly to play it. 

He may save himself tho trouble. If he adds 
mentally two semitones to F C, he will under- 
stand that the sound required is only the ojwn G. 
After familiarising himself with the fingering of 
the seven positions, tho self -instructor may regard 
tho half iK)sition as an unnecessary complica- 


apply the knowledge he has acquired by trans- 
ferring his fingers from one position to another, 
so that, no matter on what part of tho fingerboaril 
a scale or passage may lie, ho may bo able to 
executo tho whole of a phrase in th(3 most telling 
manner, with the least possible temporary 
hand movement [Ex. 19a]. If in the same group 
a fresh position has to bo taken, and the finger, 
without leaving the string, glides from one inter- 
val to another, the art is so to make the move- 
ment as not to develop an ugly whine or wail. 
The matter of taking tho different intervals 
is termed portamentff. 

Portamento. Even as, in singing, this 
implies a “ lifting ” of the voice from one note 
to another, and the “ bearing and behaviour ” 
meanwhile of the artist, so must the left hand 
of the violinist be taught by practice to move — 
in more senses than one — in a “ correct ” Avay, 
so that there may be no undue slipping about oi 
the hand on the neck. This is not only ineffett- 
tive, but undignified. Tho object in changinjj 
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from one poeition to another is not to whine up 
and down the strings, but to finger w'ith eaae 
passages which otherwise might be difficult or 
impossible in the normal position. To enable 
the portamento to be done effectively, the left 
hand should 1 x 5 occupied solely in stopping the 
notes. The instrument, therefore, at such times 
will bo held with extra firmness between the 
chin and collarbone. [Ex. 20.] 

Extensions. In accordance with the way 
the fingers are stretched to stop the notes, so is 
the extension known as “ superior ” or “in- 
ferior.” The tendency is to play hopelessly 
wrong notes when first essaying various changes 
of position. This should bi^ carefully cluicked by 
the student transposing a high passage an octave 
lower. After playing it in the first- position, so 
as to get the sounds well into his head, he can 
then try it in the higher shifts, together w'ith the 
port ame nto effect desi red. By continuing to use 
a uniform style of bowing, linking together with 


will enable him to do justice to the intentions 
of the composer. 

Four-string Chords. Bo far, we have 
confined our attention to the fingering of single 
notes. Agreeably with the human voice, but 
unlike the piano or organ, the violin is an 
instrument naturally adapted for monodic per- 
formance. Yet it excels the voice in that it can 
produce several sounds simultaneously from its 
four strings, certain of the notes being further 
apart than could be stretched with one hand by 
any pianist. Four-string chords are usually only 
possible with short notes. Whisk the hair 
quickly , from the two lower to the two upper 
strings. Although the bow leaves the two lower 
strings, the vibrations of the latter continue, and 
so form the chord. Try Exercise 21 by drawing 
the bow with a semicircular motion firmly at 
the nut across all the four strings. 

Double Stopping. When two strings 
arc bowed together with either finger pressing 
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one stroke those notes which are slurred, the 
student will he able to concentrate his attention 
on the correct fingering. Whilst he plays as 
smoothly as possible, his first aim will be to get 
mie intonation, so that whenever an E, A, D, or 
(J occurs, he should test it by the octave of an 
o|)en string. 

“ Sopra la 4ta.” A know^ledge of the 
higher positions having been gained, extensive 
skips from low to high notes, and vice, veraay will 
Ijecorae easy if carefully practised, the student 
always avoiding that whining effect which too 
much gliding gives. On account of the special 
<‘haracU5r of tone which the lowest string 
possesses, several bars will sometimes be found 
marked “ sopra la 4ta,” which, in English, reads 
“* upon the fourth ” string. In that case, the 
wbole of the passage, no matter how high it 
goes, must be played on the G, and the know- 
ledge the student has of the higher positions 


them, the effect is known as double stopping. 
Tills term also includes the playing of three or 
four notes at the same time. If a descending 
passage is begun on the K and A strings, the 
upper part cannot continue lower than the open 
sound of the I) string, since two iio^es cannot be 
emitted from the single G string. Nevertheless, 
thoughtless composers have been known to write 
such an impossibility. Now take the double 
stopping systematically. [Ex. 22.] 

After (iombining the oj)en string simultaneously 
with groups of four notes, try Exorcise 23. 

Get well under control ascending and de58cend- 
ing unisons, thirds, sixths, octaves, and tenths. 
[Fix. 24.] 

By changing the order and duration of these 
double notes, an inexhaustible series of studios 
can be made. The life of no violinist has yet 
sufficed for him to learn everything that can be 
acquired from this marvellous instrument 

ALGERNON ROSE 
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The Sorting, Scouring, Drying, Combing, and Carding of Wooh 
The Bradford Conditioning House. Tests for Oil In Tops. 

WOOL-COMBING 


The methods used in wool manufacturing are 
less uniform than those of the cotton trade, 
because tho physical differences between different 
kinds of wool arc • more marked than those 
between different cottons. Tho industry is 
accordingly less standardised, and its jnodiicfs 
are i>roportionately more various. 

It Ims two main braiU'hes, the worsted trade 
and tho woollen trade, and the essential differenet^ 
between them is one of aim. The worsted 
vspinner aims at tho production of a yarn in which 
the fibres lie parallel, and the woollen spinner 
seeks to produce a thread in which the fibres are 
anything but parallel. They employ for their 
purposes generally different classes of wool, 
the worsted spinner using the long or coirdnvij 
tpialities, and the woollen spinner the short or 
clothing qualities. Tho 3 ' employ different ma- 
chines, but the distinction betweem thorn is 
rather in aim than in material or machinery. 

Sorting Wool. It will bo convenient 
to consider the two brancla^s separately, and to 
begin wdth worsted, tho more important of tho 
two. Wo have soon (pago (S\M) that wool is 
bought largely by topmakers who, after sorting 
wool into its separate qualities, proceed to havr^ 
it •combed. Wool-combing is done by some 
spinners, but it is carried on ehiefly as a sejrarate 
trado by firms known as commission combers 
working at a fixed ehurgo per pouml of fop, 1’he 
promises in which combing is done are called 
sheds, and arc commonly of saw-toothed roof 
construction. Large warehouses arc attached to 
them for the storage of raw wool, and the inoie 
modern have accommodation for tlu' opening 
and sorting of wools. 

Sorting is done by a staff supplied by tlio lop- 
makor, and it may bo either a thorough or a 
perfunctory process. MiK^h depends on the state 
in whicli tho wool is niceivod. Wool that has 
been carefully class d and skirted by the seller 
requires less attention than wools packed with 
all theii dirt, foreign matter, and inferior portions 
still upon them. Tho quality of wool varies 
somewhat from fleece to fleece, and there may b<^ 
as many as six or eight recognisably different 
qualities of wool in one and tho same fleec(\ 
It does not follow that these minuter differences 
are regarded. But sometiraes tho fleece is 
broken into two qualities simply, or the whole 
fleece may be pass(‘d bodily into fho blend. 
Sorting is done at tables usually arranged before 
the windows, around a well-lit room, and tho 
cleaner wools are handled on what arc virtually 
solid-tppped counters. The more dirty varieties 
are treated upon a wire screen, through which 
loose dirt can fall out of the way. Screens used 
for wools that are liable to carry the germs of 
anthrax are connected with a dust trunk, along 


which tho loose dust is sucked by tho action of a 
powerful fan. 

The sortc'd wool is tbroAvu upon the floor, and 
bundled through trapdoors to fall into bins 
below, from which it can be passed to the 
washing machine. Before being w^ashed tho 
flifferont lots of wool used in making a given 
quality of top are interblended. Wools from 
different sources arc often put togcilier, and skin 
wools, recovered from tho skins of slaughtered 
sheep, are mingled beforehand wil-h greasy w ools, 
in order that th(^ former may take up some of 
tho yolk or fat from the latter. 

Wool Scouring. Tho dry treatment that 
suffices for cleaning cotton is insullieient for 
wool, which carries between 25 and 75 per cent, 
of impurity'. Apart from sand, dirt, and vege- 
table matter, the impurity consists chiefly of 
natural oil — flie wool fat which when rcfliicd 
yields lanolin, the base of numerous ointments 
and salves 'Uiul potash salts. It is possible, 
but not always profitable, to recover these 
potash salts l>y stei'ping fho wool in fair 
water before ])roc«*<‘<ling w'ith washing, and 
evaporating tho water when a high degree 
of tJoneentrafion has boon reached. This 
process, known as desninting^ is practised 
somewhat extensively in Belgium and some 
oilier countries. 

The regular English practice is to pass tho 
sorted and blendt'd wool forthwith into tho 
washing machine [I J. Tho w^ool is carried into 
the first howl or compartment upon a travel- 
ling lattice, and thus into a trough from 2\ to 30 
feet long containing some 1500 gallons of water 
in which are dissolved from 120 to 130 lb. of soft 
soap, and 35 lb. of carboriato of potash. The 
water is jnaintained at about 120'^ F., and tho 
trough is fitted with mechanism for moving the 
wool forward. The object is to wash the material 
w ithout disturbing it unduly, and this is achieved 
by the use of swing forks, worked cither as a 
body or individually. The forks have a gentk 
motion, and they trail the wool through t he and, 
the first fork deliveuing it to fho second, and tho 
scc'ond to the third, until in two or three minutes 
th<^ wool is brought to fhe end of tho bowl, and 
is passed through squeezing rollers, from which 
it emerges cleaner and nearly dry. Tho wool 
passes through four such bowls, each time being 
squeezed dry before entering the next. Tho 
succeeding bowls arc shortel* than the fii’st, and 
the soap solution in each is progressively weaker, 
80 that in the final bowl tho wool get s little more 
than a rinsing. The dirt removed in each wafth- 
ing is left behind, and the liquors from the ma- 
chine are treated for the recovery of their 
grease ; and this fat is in some circumstances 
the source of considerable auxiliary profit. 


TEXTILES, LEATHER, OLASS, EARTHENWARE, PAPER, FOOD SUPPLY, APPLIED BOTANY 
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The Advantage of Soft Water. Not 

a!] waters are suitable for the washing of wool, 
the least so being those containing lime. Soft 
water is necessary, and the abuntlanco of soft 
water obtainable in the Bradford district goes 
to explain the concentration of the wool scouring 
and combing busincHses upon that centre, where 
practicaUy ail the woolcombing in England is 
done. Hard waters are wasteful of soap, and 
also detrimental to the softness of the material. 
The quality of the soap is important, and soap 
c.’ontaining free alkali is to be avoided because 
caustic alkalies make the wool feel harsh and rob 
it of its strength, so that the fibres bi*eak in course 
of the subsequent tr<‘atment. 

Scouring Wool with Petrol. Scouring in 
soap and water is the normal method of washing 
wool, but there is a snirit-solveut pi-<xies8 that is 
worked on a small scale in this country’ and on a 
larger one in the United States. Tbo wool is 
deprived of its grease by the aotirin of such a spirit 
as petrol. The work is done in unclosed machines, 
lo guard against the evaptiration of the spirit and 
the risk of fire. The spirit is filtered and used 
conlinuously and the mud is removed at intervals. 
The objection iias been raised against this methotl 
that it is too thoroughgoing, and .suceeuds in dis- 
solving out not only the outer grease of the wool 
fibre but also some other gn^ase that is valuable in 
preserving the softness of the material. 

Wool-Drying. In washing the short inerino 
wools somewhat differeni machines are used from 
those employed for crassbred and English qualitie.s, 
although in the main the machines are alike. Tht^ 
further procedure is also different, depending on 
whether merino or crossbreil is being worked. 
Tfio crossbred wools are passed through a drying 
machine after washing, the machines chieflv useef 
being of the enclosed type, into wliich the wool is 
fed continuously an<l carried forward from tier to 
tier of the machine under a blast of heated air, 
travelling either with t>r against the material. 

Wool is susceptible of damage and discoloration 
from heat, and these travelling machines are used 
to avoid the overheating and unequal drying that 
sometimes occur in drying wool upon stationary 
tables. Merino wools are sufficiently dried by 
being blown along an air trunk to the next machine, 
or by travelling to it along a creeping lattice 
situated over a steam pipe. 

Preparation for the Comb. The scoured 
wool is made ready for the comb by one of two 
processes. The longest wools, measuring six to 
eight inches in length, are 'prepared^ and the others 
are carded upon a machine which has some resem- 
blances to and certain differences from the cartling 
engines used for cotton and those employed in tho 
woollen trade. The object in cither preparing or 
eariling is to detach the fibres one from another 
and to lay them parallel. As tho process most 
usually followed, that of carding is described first. 

The Worsted Carding Process. The 

worsted carding engine is a machine furnished with 
two or three large cylinders of 50-inch <ilameter, 
known as swijts and covered with card clothing, on the 
circumferences of which revolve smaller cylinders, 
the wcrkcre^ slripprrs, fa tines , and doffers, which 
also are. covered with card teeth of differing ^enese, 
ground at different angles [2 j. Merino wools are fed 
mechanically irto*the card by tho spikes of an 
ascending lattice »}iron, but the crossbred wools 
are fed by hand. The wool is caught first by the 
clothed rollers, called the lickersdn^ and it is opened 
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out by opposing rollers, called dividers, by which 
it is carri^ to the swifts which revolve quickly, 
carrying round tho wool on tho points of their 
teetn. The worker, running mote slowly and m 
the contrary direction, clears the wool from the 
swift, and it is in turn cleared by the stripper. 
The fancy rollers are adjusted to raise any remaining 
wool up to the teeth upon the swift, from which 
it is removed by the next roller4S, the doffors. 
Tho effect of the operation is to extend tho fibres 
fairly parallel and to producy a continuous film of 
wool, as wide as the cylinders. This is removed 
from the last doffeir by a con*b and conducted down 
a funnel and between small rollers whereby the 
fibre is condensed into a sliver. The rfillers are 
differently clothed for treating different kinds of 
wool, and, in addition to smoothing out the fibres, 
they remove sand and vegetable matter remaining 
behind after washing. 

Wool, as we have remarked, carries a good deal 
of vegetable matter acijumulated upon the pastures, 
tho most noxious plant nuisance being the burr- 
wckhJ, which breaks up into , iimurmuablc spiny 
and tcnacio!iK strips. Carding machines arc usually 
fitted with burr-rf)Ilers in front of the second swift, 
and in one effective ar nin gem ent the wool is })a8sed 
beneath fluted rollers iiinler such compression tha.t 
the burrs are crushed to a ]K>w<lery state. The 
wool passes to a roller covered with the finest wire 
teeth, and is beaten by revolving blades to remove 
the burr ami dust from tho material and ]>ass it 
forward in relatively a clean stat(*. 

Backwashing, in carding, the wool loses 
some of its whiteness, and as colour is taken into 
considc;ration by buyers of tops, it is baclctmshed. 
Tho backwashing machine has two troughs or 
bowls, each fitted with squeezing rolI(‘r8 and con- 
taining soapsuds and a little laundry blue to 
correct yellowness of tinge. The sliver passes 
from the second bowl into a drying (ihambei* fitted 
either with steam -heated cylinders, or with arrange- 
ments for drying the wool quickly in a current of 
hoi air createrl by blowers or fans. As wool is 
more freely pliable hot than cold, the temperature 
of rooms in which carding amJ combing are done 
is kept at 70^’ F., or higher. 

Oiling Before Combing. The effect of 
double washing is to nmiove the natural oil from 
the wool, ami in replacement of this and to promote 
easy working in combing, oil is added, usually in 
a proportion of 3 pc^r cent. The oil, which 
should bo the best olive, or of some readily sapoiii- 
llablo quality, is sprayed, dropped, or applied by 
roller as the sliver passes into tho backwash gill box, 
a machine closely resembling ^ho gill boxes used 
ill following tho preparing process. 

The “Preparing” Process. We have 
seen that preparing is the alternative to carding, and 
tops are spoken of as prepared or carded quality, 
according as they have Decn made in the one way 
»us the other. Preparing consists in passing tho 
wool through a machine having, in its simplest 
form, two pairs of rollers. Tho front or delivery 
rollers rotate faster than back or feed rollers, 
amt consequently draft tho sliver, or, in other words, 
draw the sliver out finer. The material . is fed 
into the box by a man known as the maker-up, 
who straightens a little by hand the rather matted 
mass of wool received from the drying machine. 
Upon its passage through the back rollers the wool 
is engaged by steel pins set upright in bars or 
faUers, These fallers arc moved continuously 
forward by the action of a screw, and at the end 
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of their traverse, in front of the front rollers, they 
justify their name by falling to a lower level. 
They fall upon another screw working in the 
contrary direction, and are thus carried back to 
the starting-point, to be raised there to the level 
of the rollers by the action of a cam. 

Drafting. The teeth of the fallers opt'rate to 
straighten ^e fibres and to form a continuous 
long^ of wool. The wool is led through a siic- 
oession of these boxes, containing fallers of in- 
creasing fineness and with rollers geared at such 
speeds as will give the desired total degree of draft. 
The drafting is done gradually, and first in one 
direction and then in the other, the sliver being 
reversed on its entry to each successive box, so that 
the fibres are never pulled twice successively in 
the same direction. The lap made in the first 
box is put up at the back of the second and thus 
into the thii^, and in |)assing from this the lap 
goes down a funnel and through a pair of small 
rollers, so that it is formed into a sliver and coiled 
inside a can some 36 inches deep. The slivers 
from about half a dozen of the.se cans are led into 
a fourth box, and are thus drawn into one. The 
doubling and re-doubling of the slivers is ct»n- 
tinued at the fifth and sixth boxes, so that a uniform 
and well-mixed result is obtained. 

The wools treated in the preparer gill boxes arc 
long ones, and a careful adjustment of the machines 
is needed if the fibres arc not to bo broken. When 
one end of the fibre is nipped between slow rolkirs 
and the other is pulled by the quick rollers the wool 
is very liable to be 8nap[)ed in two. To avoid 
breakage, boxes are sometimes used in which there 
are two sets of screws and fallers, those nearest 
the back travelling at a lower snood than those 
in front. The pulling action of the fallor-tc^eth is 
made gentler by this arrangement, and the dif- 
fercnco in speed between the two sets of fallers 
gives an extra drafting. 

The Purpose of Combing. In the last 
gilling to which either prepared or carded wool is 
subjected before being combed, the sliver is wound 
into the form of balls in readiness for the combing 
machine. Although the teeth of the fallers or of 
the card cylinders straighten out the wool, they 
do not remove the short fibre from the long, which 
is the principal aim in all combing. The fibres 
in a good worsted thread are imrallel to one another, 
and are approximately equal in length, and the 
combing machines are adjusted to remove the wm7, 
or fibre of less than the given standard of length. 

The Noble Comb. The Noble, or great 
circle, comb [ 3 ] is the type of machine most 
largely employed and the one suitable for the 
greatest variety of wools. The comb is circular 
in form and is driven from an overhead belt. 
Rollers, each carrying balls of sliver, are set round 
tho outer circumference in racks, and the ends of 
these slivers are led upward through feed boxes 
and thus to the teeth or pins of the comb. The 
great circle is a horizontal iring of brass alx>ut 
43 inches in diameter, carrying from eight to eleven 
rows of steel pins. Within this circle revolve two 
smaller circles of 16- inch diameter, furnished with 
from five to eight rows of pins. The racks and 
circles all revolve, and tho wool is laid over the 
teeth of the groat circle, forming a fringe. Flat 
brushes working up and down at high speed dab 
the wool down into the pins of the large and small 
circles at the point of contact. 

The wool is combed by being drawn through the 
pins of the opposing circle, and some of it is carried 


by the large and some by the smaller circles. 
Whereas the long fibres arc drawn out in a fringe, 
the short ones are left within the comb teeth. 
These long fibics are drawn off continuously by 
pairs of upright rollers, and tho noil left in the 
teeth of tho small circles is continuously removed 
by fixed knives and brushes and }>as8ed below. 
The toji is led upward and is coiled in a cylindrical 
can. The machine is substantially built upon a 
strong foundation, and is heated by a steam chest 
within the frame. In revolving, the fronts of the 
feed boxes, or conductors, arc automatically lifted 
clear of the teeth of tho great circle except at«the 
points at which combing takes place. 

The Nip Comb. For lustre wool, mohair and 
alpaca, which are all very long wools, the wip, or 
Lister, comb is often prefcrn?d. The maerhine ha-s 
fallers like those of a gill box, except that in this 
case the fallci-s are curved, are heated from a steam 
coil, and fitted with dabbing brushes. The wool is 
carried forward by them and delivered not into 
rollers but into a pair of curved nipping jaws. 
The jaws draw the wool forward in tufts througJi 
the faJler ttieth and transfi'r it to a traversing comb 
by which the wool is })resented in a fiiiige to the 
teeth of a revolving comb cireJe. In being flrawn 
off from tlie eirelo by fluted rollers the wool receives 
a further combing from the ])assing teeth. 

French Combing. The short(\st merino wools, 
]j<5iug those of less than fotir inches or so in length, 
arc; treated on the French, or Heilmann, comb, a 
machine working upon the same principle as tho 
cotton comb jp. 16fi3|. The wool is combed tuft 
by tuft on tiui pins of a vortical combing circle, 
and the action is completed by those of an inter- 
secting comb, and the combings arc dey»ositod 
uf>on an ay)ron to be overlapptsd into a continuous 
sliver. French combing is practised chiefly in 
France, and for the })urpose of making soft, hulkj'^ 
yarn from very short-fibred wool. '^Phe wool is 
combed without oil, and the dry-cowbing assists 
dyers to obtain delicate and accurate shark's. 

Before leaving tho (jomber’s hand the I'ombod 
wor^l is passed through jUiUker boxf^Jt to intermix 
the fibres more fully ami furnish a sliver of a 
uniform weight ])er yard. Normally two boxes 
are used, and they are like the preparing boxes, 
already describeil, except that they are furnished 
with closer and finer pins. When tho tops have 
been balled they are icady for tho spiniief, and 
they then form a readily marketable form of wool 
ill which largo transactions take place. 

The Conditioning of Tops. In entering 
tho last of the finishing boxes tho dry top passes 
over a brass roller revolving at a regular speed in 
a water trough, and this roller conducts water to tho 
wotd in replacement of that which has been driven 
off in tho drying processes. The quantity applied 
is regulated oy the syieed of the roller and the rate 
of travel of the wool. Dry wool readily absorbs 
water, and to ensure that moistui*e is not present 
in excess the tops are generally sent to tho Con- 
ditioning House, a testing establishmont maintained 
in Bradford by the rounici|)a]ity. 

The tojjs are sent out by tho comber in balls, 
and at tho (k>nditioning House three of these balls 
are drawn indiscriminately from each bag. One- 
third of a pound is drawn from the centre of tho 
first ball, one-third of a pound from the middle 
ring of tho second ball, and one-third from the 
outside of tho third. The one-pound sample thus 
obtained is guarded in a waterproof cover against 
contact with the air, and is eventually placed in 
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% wire cage ami huni? in a cylindrical oven. The The Cost of Producing Tops. Tho cost 
cage hangK on the anii of a weighing scale in an of combing is between l^d. and S^d. per pound, 

air current, heated to 220 to 230° F., and the charged upon the weight of top returned to llio 

sample begins. to lose weight by the expulsion of owner, and the charge is naturally highest upon 

moistiii*o. The loss proceeds gradually until a those wools which make most noil. Wools are 

constant weight has been reached, and at this classed according to thoir tear, or proportion of 

stage of bone-dryness the total loss is rccordetl. top to noil, ancl the cost of producing tops is 

Standards of Condition. By trade custom affcct<‘d (1) by the price of the wool in its greasy 

and the practice of the leading Conditioning Houses state, (2) by the loss of weight on scouring, (3) the 

it is agreed that tops combed in oil may be allowed proportion of noil made, which has to be sold at 

a regain of weight from the absolutely dry state of price than tlu3 top, (4) by the cost of combing. 

19 iKM- cent. It is important not to confuse regain The blending of wools of different origins com- 
with loss of weight in drying. Nineteen per cent. plicates calculation furthi*r, and by judicious 

ujKm the artificially dry state moans that these blending considerable economies arc often made, 

tops when in correct condition contiuu 15'07 per Wools arc blended together with an eye to the 

c(*nt of moisture. A cortifii*atc is issued by the price, length and fineness of staple, sti'ength, 

conditioning authority stating the marks and softness, lustre, and colour. Some are much 

numbers of the packages, 
their gross and net weights, i 

the weight of the sample 
before and after diying, and 
giving the correct weight at 
which the tops should bo 
invoiced. Different standards 
of regain ar<^ allotted to 
diff(*rent forms of mat(irial : 

Wools and waste . . Id 
Tops combed in oil . . 10 
Tops combed without oil IHj 
Ordinary noils .. ..14 

Scoured or carbonised 
noils . , . , . . Mi 

Worsted yarn .. . . 1H[ 

Worsted or woollen cloth Hi 

Tests for Oil in 
Tops. The practice of con- 
ditioning is ap[>licd chietly t<» 
tops, and from 70 to 80 
million pouiids of them an*' 
tested in the Bradford CVm- 
ditioning Jlcjuse uiinuully. 

Water is cheaper than wool, 
and so is oil, for which thor(3 
is also a standard, although 
tests for oil are more seldom 
made. In the usual course, 
a one-pound sample is made 
from each bag of tons re- 
quiring testing for oil, and 
this is divid(;d into two 
lialvcs. Kach is dried in the 
ovens and weighed, and the 3. a ciiwujlar c.'OMBINO mac hine 

samples arc scoured in three prom a iihotograpli by courtesy of Messrs. Tayh)r, Wordsworth ife Co., Leeds 
or more baths of a neutral 

soap solution heated to 120 130° F. 'Phe samples lighter than others in relation to their bulk. The 

are then ro-dried, anil thi^ loss in fatty matters tops of different maki‘rs, although of the same 

and dirt is indicated in the difference between nominal quality and .selling at similar prices, may 

the dry weights before ami after seouriiig. 3'he be widely different in character, 

official standard for loss iu .scouring is 3X percent. The Use of Noils. Top.s arc the raw material 
for tops combed with oil and Od534 per cent, for of the worsUsd spinner, while the noils are con- 

tops combed without oil. sumed by the woolU^n spinner in making blankets, 

Slubbing-dyeing and Recombing When tweeds, and hosiery yarn. Whereas tops are combed 

it is desired to make a yarn containing wool free from vegetable and foreign matter, noils 

of more than one colour, of when for any reiison contain the residue of straw and burrs not removed 

it is wished to avoid piece dyeing, wool is sent to by the worsted carding or pretmring machinery, 

dye in the form of tops. The operation is know n anil their fibres are tangled. They include broken, 

as slubhing^dycing, and large quantities of material immature, and short wool, but are a valqablo raw 

are treated at this stage. After dyeing, the tojis material. Noils of some qualities soli at higher 

need recombiriy to re-arrange the fibre.s that have price.s than tops of other qualities, and, in cxcep- 

beon disarrayed in dyeing and to remove any lional conditions, such noils as are mode in combing 

broken wool or nops. The process docs not differ camel-hair and cashmere beponio more valuable 

in major respects from the ordinary combing done even than the top from which they have been taken, 

upon Noble machines. J. A. HUNI'ER 
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Hov Sedimentary Rocks ^ere Produced. Sandy and Clayey Rocks. 
Limestones. Coal. Volcanic Rocks. Metamorphism. Schists. 

THE SEDIMENTARY ROCKS 


W' have already seen quite clearly that the 
igneous rocks are the oldest constituents 
of the earth's crust. 8incc the earth once 
existed in the form of a nebula, or lioi’y cloud 
of warring atoms, and cooled by successive 
stages into the planet which we now inhabit, it 
is perfectly evident that there was a time 
when its surface consisted solely of igneous 
rocks — granites and basalts, and their allied 
families. But at present thii most casual 
observation enables us to see that this is no 
longer the case. 

Sedincientary Rocks. The surface of 
the earth is mainly covered with what we call 
.NOiV, the product of disintegration of hard 
rooks by atmospheric and other agencies. 
'Phis layer supports all life on the earth, 
because it brings forth vegetation, and so 
feeds animals, and, directly or indirectly, 
mankind. Underneatli this we find a sulmdl 
of very varying formation, if we examine it 
by driving a shaft or a borehole, or by studying 
the sections of the crust which made by 
natural cliffs, as on the sea -coast, or by artificial 
(Uittings for a railway line or a quarry. Some- 
times the soil lies on the top of M'hat we can 
recognise as an ignt'ous rock ; some of the 
most productive of Italian vineyards, for 
instance, are separated by only a thin layer 
of rich soil from the lava of a volcano. But 
more frequently the subsoil ])roves to l>e 
different from any of the ignc'ous rocks that 
we have studied. It is non -crystalline, is 
arranged in definite layers or ntrata, and con- 
tains fossils, or relics of vanished forms of life. 
By all thrw characteristics, or by the two first, 
which are often present without the third, we 
then deeirle that this subsoil is not an igneous 
but a sedimenlary rock. 

It must be a product of later growth than tht^ 
igneous rocks ; for as the whole of the crust 
was once igneous, the setlimentary rocks must 
have lieen derived from these, whence they are 
Hometimes called derivative or secondary rocks. 
In later chapters w'c shall have to study the 
processes by which the sedimentary rocks have 
be>en produced. First, however, w<j must make 
acquaintance with their various characteristics 
and the families into which they may be divided. 

How Sedimentary Rocks were 
Produced. The classification of the sedi- 
mentary rocks is much simpler than that of 
the igneous rocks. They are far less varied 
and complicated in structure than those from 
which they are derived, partly because the 
natural agencies which have broken down the 
igneous rocks into these secondary products 
are less powerful and consequently less sweep- 


ing in t>pc‘ration than the agencies of heat, 
chemical action, and pressure which have 
produced the igneous rocks. The latter were 
compounded “in the great laboratory of Nature, 
in the molten interior of the planet ; the former 
came into existence on the earth’s surface under 
the milder influenee of rain, sea and rivers, 
frost and ice, wind and weather. It is quite 
natural that their forma should be less complex 
and their origin easier to compi'chcnd. We 
shall sec later how’ they were produced. It is 
enough to say here that they have all been 
formed of fragments broken from igneous rocks, 
and deposited in layers. This was generally 
due to the action of water, in which they were 
mechanically suspended —like the mud in a 
brook that runs dark and turbid after heavy 
rain — or chemically like the salt in the 

sea. They ar(\ in fact, the detritus of the earlier 
world, the hrokcn-dowri relics of the primitive 
igneous rocks. A possible way of classifying 
them would be according to the nature of the 
agency which broke down the older rocks and 
it^arrangcd them, as follows : 

(а) Molian rocks, producwl by the action of 
w'ind, like the vast beds of loess which form 
some of the most fertile tracts of China. 

(б) Aqueous rocks, fornuxl by the agency of 
water. These form much the largest group, 
and may be subdivided, according to whether 
tlie fragments have be(*n deposited from a 
condition of mechanical suspensiou in the 
w’ater — sandstone and shale — or have been 
crystallised from a solution — ^rock salt and 
crystalline limestone. 

(c) Organic, rocks, formed by the action of 
life, like coral, chalk, and many limestones, 

(d) Volcanic, rocks, or Tuffs., w^hich result 
from the breaking up of lavas and their ejection 
in fragments by volcanic eniptions. 

Classification of Sedimentary Rocks. 

This classification deserves notice, as it gives 
a preliminary kfea of the methods by which 
the sedimentai’y rocks were fornuxi. But it 
is hot a very good one, as the examples named 
will show. Are we to classify chalk, for instance, 
as an aqueous or an organic rock ? It was all 
laid down by the water of the sea, in which its 
constituents were once floating. But it is also 
mainly composed of the remains of innumerable 
tiny creatures, which formed the calcium 
carbonate of the sea-water into shells and 
skeletons. Probably the most convenient 
classification is that which depends on the 
chemical composition of the rocks. We find 
by investigation that the sedimentary rocks 
are far less t^omplicated in this respect than 
their igneous ancestors. The great majority 
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of them arc composed mainly of one of four 
minerals — sand^ clay, lime^ or carbon. According 
to the prevalence of one or other of these 
substances, wo may divide the sedimentary 
rocks into four great families ; the arenacecnia 
or sandy, argillaceous or clayey, calcareous or 
limy, and carbonaceous or coaly rocks.. A fifth 
class is necessary, indeed, to contain the few 
sedimentary rocks which refuse to fall into 
one or other of these families. But that only 
shows that Nature declines, hero as elsewhere, 
to work according to the strict logical distinc- 
tions of the theorist, 

A short account of the chief sedimentary 
rocks with which the geologist has to familiarise 
himself may now be given. It should bo 
supplemented by reading one of the fuller text- 
books, and by examination of actual specimens 
in a museum ani in the field. 

Arenaceous, or Sandy. Rocks, Those 
are composed mainly of sand, which is simply 
an aggregate of tiny fragments of quartz — 
pure silica — more or loss rounded, and not 
hound together by any 
cement. Wo are familiar 
with it on the sca-sliorc, 
on the margins of lakes 
and rivers, and by hear- 
say, as the soil of vast 
deserts in drier parts of 
the world. This sand is 
the debris of quartz rooks, 
granite, etc., caused by the 
wear and tear of ages. 

Sometimes the process has 
not been carried so far, and 
instead of sand we have 
gravel or shingle, such as 
collects at the bend of a 
river, where the current 
runs less swiftly and so is 
unable to drag it further 
along. It is impossible to 
assign any limit of size 
beyond which these debris 
cease to bo debris and have to be considered 
as part of the original rock ; but we may 
say roughly that sand consists of jjarticles 
ranging from the size of a small pea do^^^l to 
impalpable powder, gravel of particles ranging 
from a pea to a walnut in size, whilst shingle 
may range from that up to blocks a foot or more 
in diameter. Further, a distinction has to be 
drawn, in practice, between round&l sand and 
pebbles such as are found on a sea- beach, where 
the waves have been grinding the particles 
against one another till all corners are worn off, 
and angular fragments of more recent . origin 
found in a quiet spot. 

The various forms of quartz detritus known 
as sand, gravel, shingle, and pebbles form the 
raw material of the chief sandy rocks. They 
are again united into a solid rock in two ways. 
The mere pressure of the superincumbent 
strata is often sufficient to consolidate fine 
particles of sand into a coherent mass**-just 
as powdered graphite is squeezed in a hydraulic 
press until it forms the solid lead for our pencils, 
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In other cases the separate particles are held 
together by a hard cement, or matrix, which may 
be hardened sand or clay, or chemical, cement 
precipitated from solution in water. The 
numerous varieties of sandy rocks owe their 
countless differences to the union of different 
kinds of particles by different kinds of cement. 

Sandstone* Sandstone [29] is a rook formed 
of consolidated sand, held together by its own 
coherence or by a cement,^ which may be of 
iron oxide (which gives its* colour to most of 
the red sandstones), of clay, of carbonate of 
lime, of silica, or other material. Thus, wo 
have ferruginous, argillaceous, carbonaceous, 
siliceous, and yet other sandstones. If the grains 
of sand are somewhat coarse and angular, so 
that the stone, when broken, feels very rough 
to the touch, it is known as Gritstone, 

Greyivacke is the name given to a particularly 
compact and liard sandstone, of a prevalent 
grey colour, which is the hardened muddy sand 
of very ancient sea- floors. Flagstone, used for 
pavernenls, is a sandstone which splits into 
thin flags along the planes of 
bedding or stratification. 
Freestone is a sandstone 
which can be cut with 
Cipial ease in any direction, 
and shows no such tendency 
to split up. 

Conglomerate* This. 
})opularly known as puddmg 
stme [30], is a rock in 
w hich the sand is replaced 
by gravel or shingle, held 
together by a o(‘mont which 
may consist of hardened 
sand or clay, or of the 
materials mentioned in the 
last paragraph. The rounded 
pebbles, which give cha- 
racter to the conglomerate, 
may be of quartz, granite, 
limestone, or many other 
rocks. 

Breccia. Breccia [31] is a rock in which 
the pebbles, instead of being rounded, as in con- 
glomerate, are angular. The real distinction be- 
tween yio two is that conglomerate points to the 
action of water, which always tends to round 
pebbles exposed to its action, and breccia to 
atmospheric denudation (such as forms cliff 
screes and glacial moraincvs), which leaves the 
fragments much as they were when broken off 
by frost or other weathering influences. 

Argillaceous, or Clayey. Rocks* 
Those arc composed of fine argillaceous sedi- 
ment, derived from the waste of rocks, especially 
of granites and other rocks which contain the 
felspars as ingredients. Clay itself is a hydrated 
silicate of alumina, which is a product of the 
decomposition of felspar. It occurs in many 
varieties with differing compositions, of which 
kcu)lin or china clay, pipe-day and fire-clay are 
well-known examples. Brick-clay is a name 
industrially given to the coarser clays. Loam is a 
mixture of clay and sand, which provides 
excellent soil for many kinds of vegetation. 
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LotsHy again, is a clay which has been aocumu- 
lated probably by wind-drifts to the depth of 
bundles of feet in the great river valleys of 
China, where it plays an imjxirtant part in agri- 
culture. Btmlder-rMy, or till, is a stiff, sandy 
clay, full of bouWers of all sizes, which is found 
only whore ancient glaciers 
once ground to powder all 
but the hardest fragments 
of rock, and in wljich these 
surviving fragments are still 
found embedded. All these, 
it will be remembered, are 
rocks in the geological, 
though not in the popular, 
sense of the word. 

Under pressure of over- 
lying strata, ancient clays 
have hardened into compact 
rocks. Mud -stone is the in- 
termediate stage between 
clay and rock, in the popular 
sense. It has no Umdency 
to split into plates, and is 
easily rubbed down into mud 
with the aid of water. Shale 
is a general term given to any clayey rock which 
splits easily into thin layers ; tliere arc countless 
varieties, according to what other material — 
as iron pyrites, sand, limestone, or earboiiaceous 
matter — ha])[)ens to Ik? present with the clay. 
Oil-shnles are used in the manufacture of 
paraffin. Slate is a hard, clayey rock which 
sf)lits into thin, regular plates along its cleavage 
planes, Avhieh aie not necessarily the same as 
the bedding planes that represent the original 
surfaces of strati (ication. It is much employed 
in buildings, owing to this convenient property. 

Calcareous Rocks* or Lrimestones. 
These consist mainly of calcium carbonate. The 
purest example is chalk [32], a soft rock which 
often contains more than IK) per cent, of calcium 
carbonate. It is composed of the shells and 
skeletons of minute organisms which once lived 
m primeval seas, from 
whose waters they ex- 
tracted the enleium car- 
bonate, which they built 
up into wonderfully 
beautiful, though miero- 
'^copie, slnictures, which 
fell do^vll to the sea- 
l)ed when the organisms 
died and rotted, ulti- 
mately forming dt^posits 
of hundreds or thou- 
sands of fetit in thick- 
ness during the lapse of 
long geological ages. 

By far the larger number 
of limestones are simi- 
larly of organic origin. 

TTiey vary in hardness and in chemical com- 
position so widely that it is impossible to give 
any account of their varieties. It must be 
noted that in many cases limestone, though a 
true sedimentaiy rock, presents a crystalline 
structure, since it is soluble in water — especially 


if carbonic acid be i>rc8ent — and may crystallise 
out if it is again deposited from this solution. 
Marble, as we shall see later, is a limestone 
which has been crystallised by heat, and belongs 
properly to the section of metamorphio rocks. 

The mignesian Umesttmes, or dohmiten, are 
an important class of cal- 
careous rocks, which consists 
of a mixture of calcium car- 
bonate with magnesium car- 
bonati\ All limestones have 
the important proj)erty that 
when tlicy are heated, or 
“ burnt,” the carbon dioxide 
(COo) is driven off a.s gas, 
and quicklime (CaO) is left 
behind fsee ('hemtstry). 
They are • easily recognised 
}>y the fact that they 
offcrvesco M'hen acid is 
dropped on tJieni, carbon 
dioxide being again given 
off and forming bubbles in 
the acid. 

Among caleareou.s rocks 
we must note those contain- 
ing pho.sphate of lime, which arise chicdly 
from organic sources, and an? valuable for their 
use as fertilisei's. Tlu^ include guano, bone- 
breccia, phosphatic chalk, aiul the coproUtes, or 
fossil excrement, which often occur in whole 
b<H:ls, (Jeologicahy those are of little importance, 
save as bearing witness to the (‘arJier forms of lif(?. 

Carbonaceous Rocks. Carbonaceous 
rocks have almost all been derived from the 
decay of vegetable matter. 'They play an ini- 
Ijortant part in human life as the chief sourc(‘s of 
heat and |K)wer. Indeed, th(?r(» is no rock, with 
the possible exception of the flint which first 
taught man to make himself tools, that has had 
80 much influence on the course of human 
civilisation. Peat is the most recent form of 
carbonaceous rock, and can easily bo recognised 
as recently decayed vegetation, found chiefly in 
boggy places. Lignite, 
or broum coal, is a more 
advanced stage in the 
mineralisation of vege- 
table matbT, and occurs 
in strata more rec’cnt 
than those of tht? coal 
measures. C(jal is a true 
rock, which contains 
75 to IK) per cent, of 
carbon, along with oxy- 
gen, hydrogen, and 
nitr(3gen — the chief 
organism - building eli?- 
ments— and with impuri - 
ties which are left as ash 
when the coal is burnt. 
For a special ac^count of 
the numerous varieties of coal, with their special 
uses, the reader must consult the course on 
Mining. We need only mention anthracite, 
which is the most completely mineralised form 
of coal, and contains over 90 per cent, of carlion. 
Ibe volatile constituents have been ex|>elled 
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from it, probably by the near approach of in- 
trusive volcanic rocks, so that in a sense it is a 
metamorphic rock. Tlie valuable Welsh eteam- 
coal is a form of anthracite. Petroleum^ yiKxch. 
may be termed a liquid rock — as mercury is a 
liquid metal — at ordinary temperatures, is also 
a product of decayed vcigetation, possibly due 
to the destructive distillation of coal under great 
pressure in the lower strata of the crust. Asphalt 
18 probably of similar origin. Graphite occurs 
in large 'mosses in places as far apart as 
Cumberland and Ceylon, and must bo named 
under this head. Its origin is not clear, but it 
is known to be practically pure carbon, and 
may thus rank as the last stop in the altera- 
tion of vegetable matter. 

Other Seditnenrary RocKs« There 
ore a small number of sedimentary rocks whicli 
have found no f^paco inside this classitication, 
but must be inentionod in the course of such a 
review. 

Siliceous Sedimentary Rocks arc of organic 
origin, and con- 
sist of the shells 
and skeletons of 
marine organisms 
which chose to 
build their frail 
houses of silica 
rather than of 
limestone. Tlio 
most important 
of these is flinl 
which consists of 
pracrically pure 
silica, partly 
amorphous and 
partly crystal- 
line. It is found 
in nodules, 
usually dispersed 
through the chalk 
strata. It is be- 
lieved that these 
nodules or lum[)s 
were formed by 
the chemical deposition of the silica of the 
sea -water around the nuclei afforded by the 
siliceous skeletons of dead sponges or diatoms. 
The great importance of flint from a human 
point of view lies in the fact that, though 
intensely hard, it can easily be chipped into 
shapes with sharp edges, and so lends itself 
more readily than any other material to the 
manufacture of primitive cutting instruments 
and weapons. It is not too much to say that 
the whole fabric of our civilisation is based 
on flint. 

Crystalline Sedimentary RocKs, 

These, though not very common, do occur. 
Wo have scon that there are two ways in which 
a mineral mav crystallise — either by cooling 
irora a state of fusion, or by precipitation from 
a solution in water or other liquid. Diamonds 
are undoubtedly formed in the latter way, by 
the crystallisation of carbon which has been 
dissolved under great pressure in molten iron. 
Rock salt, which is found in bods hundreds of 


feet thick, and often assumes a crystalline 
structure, is clearly the relic of ancient seas or 
salt lakes which have gradually dried up. 
Limestone is often found in a crystalline form, 
due to the fact that it has dissolved in water 
containing carbonic acid gas, and has again 
been deposited in crystalline form. Travertine^ 
or calc-sinter, is thus deposited by calcareous 
springs, while the stalactites and stalagmites of 
limestone caverns are of similar origin. 

Volcanic Fragmental RocKs* Fof- 
canic fragmental rocks, or tuffs, though not in the 
strict sense of the word sedimentary rocks, are 
usually included in this family. They consist 
of the materials ejected from volcanoes other- 
wise than in the form of lava. They vary in 
size from volcanic bombs, often several feet in 
diameter, to the impalpable volcanic dust, which 
floats in the air long after an eruption and slowly 
settles down on the earth, whore it becomes 
stratified just as if it had been deposited by water. 
Volcanic tuffs are rocks formed of this kind of 

detritus, fine or 
coarse, which 
vary, according 
to the nature of 
their nuiterials, 
from a coarse 
iHylcanic conglo- 
merate to a flne- 
grained rock. 
They are found, 
of course, only in 
the neighbour- 
hood of ancient 
volcancKJs, and 
usually shade off 
into true sedi- 
mentary forma- 
tions. 

M etamor- 
phic RocKs. 

There is a third 
class of rocks 
which are neither 
igneous nor 
sedimentary — that is, these rpeks are ho 
longer in the original state in which they 
solidified from the molten core of the earth’s 
crust, nor yet have they been broken down 
and arranged in strata by the action of water 
or atmospheric influences. They have, however, 
undoubtedly been altered from the condition 
in wdiich they were first produced, and accord- 
ingly they are described as metamorphic or 
altered rocks. 

Their present state bears witness to the action 
of many and various agencies of change. Some 
of them are, igneous rocks which have assumed 
a false stratification in consequence (probably) 
of the pressure of su|)er incumbent layers or of 
pressure exerted from the side by the great 
deformations due to the shrinkage of the 
earth’s crust and its consequent wrinkling into 
mountain ranges. Others are sedimentary 
rocks which have assumed a false crystalline 
character through the action of heat, usually due 
to their coming in contact with intrusive floods 
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of molten lava welling up from beneath the 
surface— contact metainorphism. Marble, for in- 
stance, is a metamorphic rock which is now 
erystullinc. It was once sedimentary limestone, 
which has been melted under great pressure ancl 
has crystallised in cooling. If wo heat limestone 
under the normal conditions which obtain at 
the earth’s surface, it docs not melt, but the 
carbon dioxide passes off as gas, and lime is 
left behind, as oceprs in every lime-kiln. But 
if the limestone be (mclosed in a steel chamber 
so strong thcat the ])ressure of the t^scaping gas 
cannot burst it, it is possible, to melt it, and to 
produce a kind of marble in our laboratories, 
so illustrating the process by which marble was 
naturally produced 
when vast masses 
of limestone sank 
down far beneath 
the earth’s .surfac<^ 
and were exposed 
to the central lircs 
under the immense 
I )rcs8ure prod i ic(‘d 
by miles of suptu - 
ineumbont strata. 

False Strati* 
fication. It is 

not necessary to 
ent<}r into u detaikd 
aetiount of th<^ 
various motamor- 
phic rocks, which 
i.’an be arranged in 
a long series, where 
tivery ttTiu shades 
into the. next one, 
from th<^ argilla- 
ceous ffchistfi closely 
resembling slates to 
the gneisses which 
can often bo dis- 
tinguished from 
granite only with 
d'fl^culty. It is 
enough to say that 
these rocks are in 
general character- 
ised by a double 
Let of qualities 
whieh stamp them 
as intermediate 
ootween igneous and sedimeifiary rocks. They 
are crystalline, and they are arranged in 
layers or strata. (Jose examination betrays 
a typical distinction betw(’'cn these strata and 
those which mark the true sedimentary or 
stratified rocks. In the latter case, the strata, 
or bedding-planes, indicate thcj successive layers 
in which these rocks were deposited by water or 
other agency. In the metamorphic rocks the 
stratification is produced in quite a different 
way. It is found by experiment that if a mass 
composed of crystals be subjected to powerful 
and long-continued pressure in a particular 
direction, the crystals which compose it tend 
to rearrange themselves so that all their longer 


axes lie in the same direction — just as the dates 
which have been squeezed into one of the lumps 
familiar in all grocers’ shops arc found to lie 
practically all in one direction. It is this re- 
arrangement of the separate crystals which 
produces a false appearance of stratilication in 
the metamorphic rocks. 

Schists. A crystalline rock whi(;h has thus 
obtaintxl a stratified structure as the result of 
jm^ssure is known as a srhisl ; it is often spoken 
of as being foliated, rather than stratified. A 
schist may also be the product of heat or chemical 
action upon a sedimentary rock, which gains a 
crystalline character w'ithout losing its stratified 
appearance. Practically all metamorphic rocks 

owe their origin to 
one or otluT of 
causes wo have 
mentioned. 

The schists arc 
almost as numer- 
ous as the sedi- 
mentary and igne- 
ous rocks from 
which they are de- 
rived. Thus w'o 
liave ring-schist and 
fjunrf':-,schist, w'hich 
arc both crystal 
line forms of clayey 
and sandy sedi- 
mentary rocks, 
while quartzite is a 
still more t borough - 
ly crystallised sand- 
stone. aS c h i s lose 
couglom erates arc 
conglomerates in 
whieh pressiin; has 
produeerd a bodderl 
structure by the 
amuigement of the 
pf'bbles into layers. 
Crgfflalii tie I i ni e. - 
stom and marble arc 
also of sedinumtary 
origin. On bh ro- 
se h ist, horn hie tide- 
sch ist, micn-sch ist, 
and the like need 
little explanation. 
Gneiss [ 33J is the 
term applied to the 
coarse schists which x)resent characters resem- 
bling those of granite, some of whieli are 
volcanic ro(jks which have acquired a stratified 
character by alteration under pressure, while 
others arc sedimentary rocks which have been 
crystallised by heat.. This shows very prettily 
how diametrically opposed histories coin end in 
nearly the same result in the grtuit laboratory 
of Nature. 

Wo shall now i>ass on to the second great 
division of geological study — physical geology, or 
the examination of the agencies at work to 
produce the sedimentary rocks wliich now covei* 
the greater part of the earth, and give us our 
soil W. E. GARRETT FLSHKR 

2223 



33, A MASS OF I'OLDEI) GNEISS 


QROUP 20-MECHANICAL ENQlNEERlNfl - THE BUSINESS OF MACHINES-CHAPTER 17 

Air : Its Pressnre, Wei jht, and Mechaaicai Value. The 
Laws of Boyle, Dalton, and Charles. Compressed Air. 

PNEUMATICS 


I T ia rather surprising that the laws and 
truths Avhich we intend to consider now 
were unknown until within comparatively recent 
times. Three hundred-odd years Ix^fore the time 
of Christ, Aristotle brought his great mind to 
bear on the subject, but came to the alarming 
conclusion that air had no weight. Thence- 
forward, for close on nineteen hundred years, 
thing wore seen as through a glass darkly. The 
eagerness wdth which gases and liquids rushed in 
to fill a vacuum ^\’as glibly “ explained ” by the 
phrase “Nature abhors a vacuum.” In the 
seventeenth century that galaxy of great minds 
— Galileo, Guericke, Torricelli, and T^ascal — 
wrested from Nature the great truths that 
underlie the questions of the pressure and 
elasticity of gases. 

The pressure and elasticity of air {^\'hich may 
be taken as a typical gas) may be clearly and 
visibly demonstrated by simple cxperimcMits 
which can be easily performed by the student. 
If, for example, a tumbler or beaker be eutin'ly 
tilled with water, ami a sheet of ))aper ])rcs.scd 
over the mouth and the tumber inverted as in 
158, the paper remains in position, and the 
water in the glass. One might think that both 
})aper and water would fall to the ground im- 
mediately the glass were inverted. This does not 
luipiien, because, great though tlic fire'ssure of the 
water may bo, the prc.ssure of the atmosphere 
against the i)aper is still greater. If, howev'er, 
the vessel be not completely tilled — that is, if 
air bo present inside — the exterior j>res.sure is 
neutralised and overcome. 

Expansibility of Air. The expansibility 
as 'Well as the pressure of the atmosphere i.‘4 
illustrated in 159. The empty tla.sk A is fitted 
with a cork, through which a long ])ieeo of glass 
tubing passes. The end of tlio tube is placed 
beneath the surface of the water in the trough 
13. (If the water be coloured witli a little rod 
or black ink its movement ill be more readily 
seen.) The two hands are then placed round the 
tlask, as shown in the illustration, and (he heat 
they impart to the air contained in the flask 
causes it to expand and escape, as will bo seen 
by the stream of bubbles which rises through the 
water. When the hands are removed, and the 
flask and its contained air resume the ordinary 
temperature, water w'ill rise from the trough 
and up the tubing towards the flask. The liquid 
rises against the force of gravity, because the 
pressure of the atmosphejQe acts on the water 
surface, is transmitted upw^ards through the 
tubing, and so causes the lirjuid to till the 
space which was occupied by tlie expelled air. 
If the flask- w ere gently heated with a Bunsen 
flame, the results would, of course, be still more 
pronounced. 


Measuring Air Pressure. The ex* 

periments just described prove that the atmo- 
sphere has w'eight, but give us no idea of its 
amount. A means of measuring that weight is 
shown in an experiment first performed by 
Galileo’s pupil Torricelli, and since repeated 
millions of times in the schools, colleges, and 
laboratories of the world. A pump had been 
sunk at Florence, but the w^ater obstinately 
refused to rise above 33 ft. Galileo was con- 
sulted, and he concluded that the air had weight, 
and that a column of w ator 33 ft. in height 
w'as as much as the weight of the atmosphere 
could balance. Afterwards his disciple Torricelli 
studied the question. Taking a glass tube about 
3 ft. long and closed at one end, he filled it with 
mercury. The tube w^as inverted, the open end 
being toiuporarily closed Avith the finger [160 A], 
and placed below the surface of mercury in a 
vessel (B) [161 1. Immediately the mercury in the 
tube dro])ped to a height of 30 in. above the 
level of the mercury in the vessel. A vacuum 
(called the Torricellian vacuum) w'as produced 
(t’D). The only ])ossiblc conclusion Avas that this 
.‘lO-iii. column of mercury Avas balanced by 
the atmospheric ])ressurc. 

A cubic inch of mercury weighs ’49 lb., and 
30 X *49 - 14-7 Ib. Therefore, as the atmo- 

sphere supports a <olumn of mercury Avhost^ 
Aveight is 14*7 lb., and avIioso- base measures a 
s(|uarc jnc*li. A^'e arc driven to the conclusion that 
the pressure of the atmosphere amounts to M*7 
lb. on every square inch. And this ]>rossure, as in 
the case of Avater, acts (‘qually in all directions.' 
Mercury being 13-0 limes lieavier than water, 
the atmos])here would support a column of 
Avater equal in lieight to 30 >: 13*0 in., or 

^ explains Avhy Avatcr 

refuses to rise to a greater height than tbb^n 
]iractic;e not more than 25 ft.) in a comnR'a 
lift-pump ; hence also the need of a li(|uid of 
high specific gravity for use in a barometer. 

To this pressure of the atmosphere, then, aao 
are indebted not only for the aijtion of the 
barometer but also for the action of the various 
tyf)es of AA'ater- pumps [see page 1563], It has, 
hoAvever, been iheJught fit to deal with pumps 
under Hydkost vnes, for the reasons stated in 
that section. 

Boyle’s Great Discovery. In the history 
of every scicnicc there are records of remark- 
able cases of simultaneity in discovery. An 
examjflo of this occurs in the subject noAV 
under consideration. In the latter half of 
tlie seventeenth century, Robert Boyle, in 
England, and Edme Mariotte, in Franco, were 
both studying the effect of pressure applied 
to a gas. Their investigations led oaoh to arrive 
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independently at the same great truth, and so 
nearly simultaneous was the discovery of tho 
law that in England it is known as Boyle's Law, 
on the Continent as Mariottc's Law, and some- 
times as Boyle and Mariotte’s Law. There 
seems, however, no doubt that the great English, 
or rather Irish, physicist was first. Boyle's 
Law may be stated : The volume of a gas varies 
inversely as the pressure, temperafure remaining 
unaltered. Thus, if at a pressuro V the volume 
of a given (juantity ot a gas be V, and the volume 
changes to V' at a pressure P', then P : P' : : 
V' : V. Tho product of the extremes being 

P V' 

equal to that of the means, PV - P'V', • 

If in 162 A and B represent the same cylinder 
with the piston in the two positions shown, then 
tho pressure when the ])iston i.s at T)E is to the 
}>ressuro when at D"E' as the space CTJ'E'P' is to 
the space CDEF. The reader will now see how 
highly important this law' is in engineering, for, 
trani-lated into toohnical parlance, it tells us that 
in the steam in an engine cylinder, the gas in a 
gas-engine, and the air in an air-engine, as long 
as temperature is unchanged, the pressure, or 
elastic force, varies inversely as tho volume 
occupied by the gas. 

Verification of Boyle's Law. The 

law may bo verified by means of a long bent 
tube, as in 163. Mercury is poured in at A 
(or at C, and this opening then closed) until it 
stands at the same level B — B in both branches. 
Then tho air in the closed ])ortion (BC) is at the 
pressure of the atmosphere. By pouring more 
mercury into the tube at A, the air in BC 
gradually becomes more and more compimscd, 
owing to the increased prosa\ire in the long 
branch. Both tho decreasing volume of the air 
and tho increasing pressure of mercury producing 
it may be measured, and the results tabulated. 
Jn a uniform tube such as this tho volume is 
proportional to height, so that a finely divided 
scale is all that is necessaiy for measuring 
voPime and pressure. For the total pre.ssure 
in each case, tho height of the mercuiy in the 
branch above the levcPof that in the short 
one must be added to the pressure of the at- 
mosphere, as indicated by the barometer at 
this particular time, for the pressure of the air 
in. BC is evidently equal to tho sum of these 
I wo. If, for example, the air be compre.ssed to 
occupy the space B'(.J tho height B'E would ho 
added to the barometer height. 

Tho table on thw page shows a series of 
readings so taken. The first column gives the 
level (in centimetres) of the mercury in the 
short branch, and this, subtracted from 26 
centimetres—the total height of this limb— gives 
the height of the enclosed column of air. 

Tlie third column in this table shows tho 
height of mercury in the long limb, and the 
difference between this and the level in the short 
one gives the pressure stated in column four. 
But the enclosed air is subjected not only to 
this pressure, but also to the additional pressure 
of the atmosphere, in this case 76‘57 centimetres. 
Thus the total pressure is that in the fifth column. 
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Pressure and Volume. On comi^aring 
the tabulated results the truth of tho law 
will h(' evidenf. A glance shows that as 
the pressure (P) inen^ases, the volume (V) de- 
cTcases, and nitio in which this occurs is 
seen by Inking any tw'o prc'ssures and corres- 
ponding volunu^s. Thus the pressure 12.5-67* 
is roughly one. and a half, or times 83*17. 
But ihe volume eom‘sponding with the first- 
named presHiin^ is ap[)ioximatcly of that at 
tho .second pressun*. Similarly, with more 
extended iiiva^stigations it would be found that 
with twice the pressure the volume is halved ; 
with 3, 9, 12, 50, or n times the pressure, the 

volume is reduet*d to ~ ^ ^r^or of tho 
3, 9, 12, 50 n 

original volume. Moreover, the number (K), 
obtained by multiplying together th(^ volume 
and tho pressure in (m-oh case, varies but littk^ 
from the same produ(;t in the other lines. This 
slight variation is explained by trifling errors 
of experiment. This fixed value of V x P 
(‘iiables us to state; the; law thus : Temperature 
being constant, the product of the pressure and 
volume of a gas is a. conshtuf. If one be knowm, 
the other is easily found by reducing the law 
to the* formula : Pressure x volume. -= consiaul, 
Tho pre)duct remains unelianged, and the two 
factors vary, just as, for e'xample, half a do'/en ‘ 
elifferemt rectangle's iniglit all e.-oiitain 64 sq. in., 
yet their .side*s could he in inches : 64 x 1, 32 x 2, 
16x4, 8x8, 12-8x5, 6*4 x 10. 

Investigations with pressures less than that 
of the atmosphere; also verify the law. 

Behaviour of a Gas. The story of tho 
behaviour of a gas under varying ]jr(;8sures 
may be told in a more attr<active manner by 
means of a graph ie; representation. Tho pres- 
8ure.s and volumes in the table may be plottcnl 
as in 164, where the bottom (At.) is figured for 
horizontal line volumes, and the vertical line 
(AB) for pn;s8ures. Then the story is told by 
the curve. As it extends in tho direction of — 
that is, as tho volume increases — the curve 
sweeps downwards ; in other words, the pressun; 
falls*; or, as tho curve rises the volume decn;ase8 
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and pressure increases. At the point P the 
volume is about 14, and the pressure 125 centi- 
metres ; at the point P' the volume is 18, and 
the pressure 100 centimetres. With a wide 
range of pressures and volumes will 

bo seen that the curve, though it approaches 
nearer and nearer to the lines of volumes and 
})ressures, never touches either. The reason for 
this is clear when we consider that no increase 
of pressure can bring the volume to zero, and no 
inert^ase of volume can reduce the pressure of a 
gas to a vanishing point. It would thus be 
impossible for this line to be straight, for then 
it would eventually cut both the line of volumes 
and of pressure. 

Curve of Volume and Pressure. Since 
t.hc product of the volume and pressure of a gas 
is constant, thivS curve exhibits another useful 
property. If we take any three points, as 
X, y, Z ri66J, then at X the pressure is repre- 
sented by X K, and the volume XI ; at Y, pressure 

Y(i, and volume YH ; at Z, pressure — 
ZF, and volume — ZD. Therefore, the areas 
XIAE, YHAG, ZDAF, are all equal; and this 
would be the case with a point taken at any 
position on the curve. Because of this pi ojierty 
the curve is known as a rectangular hyp(‘rboIa. 
^hiis the position of any point indicates the 
two factors volume and pressure, and if one be 
known the other is immediately found. For 
if wo are given a volume which, according to the 
scale adopted, equals AF, then by laying tliis 
distance along the line of volumes AB, and 
erecting a perpendicular at F, the jirc'ssure is 
seen to bo equal to FZ, or, by referring to the 
scale chosen, AD. 

Referring again to ihc diagram, if Z marks 
the first and X the final condition of the gas, 
then the actual diminution in volume is repre- 
sented by ZK, and the increase of pressur<^ by 
KX. The work done by the pressure in changing 
the volume from AF to AE is represented by the 
area of the figure ZXEF, 

The Law of Dalton. When two or more 
gases of different kinds are mixed together— and 
this sometimes occurs, as in tin? ease of air and 
water vapour in the air-pump of a condensing 
tmgine — the total pressure everted by the mixture 
is equal to the sum of the pressures exerted by the 
different gases. In other words, each gas exerts 
its own pressure just as though no other gas 
were present. This is, in reality, a general law, 
of which Boyle’s Law is a particular <*aso — a 
fact which will be readily seen on comparing the 
statement above with that of Boyle’s Law as 
simplified by Professor Rankino : ‘‘If wo take 
a closed and exhausted vessel, and introduce into 
it one grain of air, this air will, as we know, 
exert a certain pressure on every square inch of 
the surface of the vessel. If we now introduce 
a second grain of air, then the second grain will 
exert exactly the same pressure on the sides of 
the vessel that it would have exerted if the first 
grain had not been there before it, so that the 
pressure will now bo doubled. Hence we may 
state, os the property of a perfect gas, that any 
portion of it exerts the same pressure against the 
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sides of a vessel as if the other portions had not 
been there.” 

The Question of Temperature. The 

general effect of heat on solids, liquids, and gases 
is to cause expansion, and, as a rule, gases 
expand more than liquids, and licjuids more than 
solids. And it is a well-known fact — a matter of 
common observation — that if equal increments of 
temperature be applied to a number of solids 
(say, rods of copper, -iron, zinc), or to a number 
of liquids (water, alcohol, mercury), tliore is a 
considerable difference between their relative 
expansion, whereas with all gases and vapours 
expansion proceeds at the same rate when heated 
through the same interval of temperature. Thus 
the second great law of gases runs : The volume 
of a gas under constant pressure expands, when 
heated, by the same fraction of itself, whatever be 
the nature of the gas (the Law of (’harles). 
What is this fraction ? 

ExfKTimont has shown that 1000 volumes of 
air at 0'^ become IIIOO'S volumes at 100^ — 
i.e., 1 Volume of O'" increase's to l-OO^Obo at P. 
The amount of increase in volume for 1", •003005, 
approximately equals and so this fraction 
is (uilled the eoeffieient of (*xpansion for air. 
Thus, for every increase of 1° C., the volume 
of the gas is inen^ased ^ 1 .j of its volume. There- 
fore, 1 cub. in. of a gas** ait- 0° 0., when raised to 

I'" — 1 + 273 


• -r 273 - - 

Therefore, 273 volumes at 0° are changed to 274 
volumes at r\ 275 volumes to 2'", and so on. 

Volume Reduced by Lower Tem- 
perature. Now, as the gas expands uniformly 
with uniform inerements of temperature, it 
follows that with uniform reduction of tempera- 
ture the gas -should decrease in volume by 
uniform fractions of its(‘lf — that is, for every 
degree tlirough which the gas is cooled below 
(F C., it should lose of its volume. Then 
it follows that if cooled through 273 degrees 
b»4ow zero, the gas would ibooretically occui)y 
no volume whatever. Such a temperature 
lias never yet been reached, but it is pretty 
certain that a gas would cease to exist as 
such at this low temperature. This theoretical 
point, -273*" C., is therefore called the absolute 
zero of temperature, and when referonoo is made 
to “ absolute temperature ” it moans that the 
temperature is reckoned from this absolute zero. 
Absolute temperatures are obtained by 
adding 273° to the 0. reading. If it bo the 
temperature on the C. scale, then absolute 
temperature = t -f 273°. This conception 
of absolute temperature enables us to con- 
nect the two great laws which govern the 
behaviour of gases : hi a gas the volume (at 
constant pressure) or the pressure (at constant 
volume) is proportional lo absolute tempera- 
ture. Or, the product of the pressure and volume 
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is proportional to tho absolute temperature. If 
V equals the volume of a gas ; P the pressure ; 
and T the absolute temperature, then the ratio 
VP 

is constant for that gas for all volumes of 
V, P. and T. 

Practical Importance of Tempera- 

ture. Jn making the observations on which tho 
table verifying Boyle’s Law was c )nstructed, and 
from which tho curve in 164 was plotted, pressure 
and volume only were considered, tcmjjerature 
rcmainnig constant. But as far as engiiUMiring 
is concerned, temp(‘rature doe.'? invariably enter 
into tho question ; so tliat when we c ome tt> cf)n- 
sidor tho behaviour of steam in the mgine-cylin- 
dcr, or air in an air- com pressor, for example, 
the problem becomes more com])licated. When a 
gas suffers compression, heat is jirodueed; and 


iSuch lines are called admhalic ((Jr., r/, privative, 
prefix ; dia, through ; bamo, I go). In 166 /, i 
are isothermal lines, «, a arc adiabatic line.s. 
The most striking feature about these curves, as 
compared with the isothermal limvs, is the rela.- 
tivoly greater angle which they make with the 
horizontal line AB. This means that a much 
gn^atcr inen^aso of pressure is necessary to 
dimiiitsh the volume of a gas wlum under adia- 
batic conditions than when acting isothermally. 
For adcilinite in(T(*asc in jn’ossure the volume will 
be greater wh(‘n no heat enters or escapes than 
when the ease is otherwise - a fact which is 
shown by tho diagram. 

Compressed Air, Though free air —that is, 
at atmospheric pressure — is utiliscni by engiii<H‘rs, 
air when comi)resscd also beconuis a motive 
power of very great value. Its applications have 
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unlo.ss the pressure is gradual and long continued, 
the heat produced will be unable to pass away by 
cunduction. It is tlien evident that thi' {•urve 
traced U) show the relations between pressure 
and volume when temperature is constant will 
not coincide with the curve produced when the 
heat caused by compression i.s not allowed to 
escape. For any gas a number of curves may be 
traced, each at a different but constant tempera- 
ture, and th('.so are callcil isothermal lines ((*r., 
isos, equal ; therme, lieat). So far, we have con- 
sidered only changes in volume and jiressure 
which have taken place isothermally, and the 
curves in 164 and 165 are isothermal curve.s. 

When, however, a gas is compressed, and ex- 
pands under conditions which prevent any heat 
passing in or out of the chamber containing it, 
its behaviour would be represented by a line 
which would pass from one isotherm to another. 


grown enormously in n'ceut years. To ruinio 
only a f(‘W, miners' rock-drills are actuated thus ; 
mine loeomotiv^cs and coal-cutters also are driven 
by air. Sunken vessels an^ raised ; hammering, 
chipping, caulking, riveting, tapping, etc., are 
eOeetetl ; paieels are transmitted through tubes, 
and loads arc lifted by cranes. 

When air is compressed, this is done })y the 
movement of a piston in a cylinder, tlic? average 
amount of pressures for ordinary purposes being 
usually (iO to 80 lb. per squares inch. When 
higher ones are required, the work is done in 
two or three stages, and for some purposes 
pressures of 500 lb. and more are employed. 
When air is comprcsstxl thus, and made to do 
work, it does so by virtue of its expa;n8ion. 

A number of practical examples of tho appli- 
cations of compressed air are given under 
Portable Tools. J, O HORNER 
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Spanish: The Past Definite and the Numbers. French: 

Personal Pronouns. German : Numerals and Strong Verbs. 


SPANISH 

Past Definite. The past dolinito of regular 
verbs is formed by adding to the stem of first 
conjugation verbs the terminations aste, o, 
amos, dsieis^ aron ; and of second and third 
conjugation vitIxs the terminations v, isiey id, 
imos, ideis, ieron. 

Past Definite 
Singular 

I bought I drank 1 fulfilled 

compr-p. heh-i cnmpI4 

vonipr-asU hfh-isip cuinpl4ste 

rompr'O h€b46 fumpl46 

Plural 

compr-amos hebdwos cnmpl4mos 

coni pr-dsteis beh dsteia r u wpl4ste is 

compr-aron beb-ieron cuw.pl4eron 

The past definites of (1) ser, (2) estate (S) tener^ 
and (4) haher are irregularly formed, and run as 
follow : 


Singular 


(1)1 was 

(2) 1 waa 

(3) 1 had 

(4) I had 

fni 

esfuvc 

fuve 

h ube 

fuiste 

estuvistc 

tuviste 

hubiste 

fue 

estiivo 

tuvo 

hubo 


Plural 


fuimos 

estudmos 

tnvimos 

hubiinos 

fuisle.is 

estuvisteis 

tuvisteis 

h ubisteis 

fneron 

esfuvieron 

tuvieron 

hub ieron 


Exebcise 

XXVlll 


to cost 

cosfar 

all 

todo 

to take 

tom nr 

the last 

el u If into 

to greet 

snludar 

contractor 

coniraltsia 

to agree 

acordar 

(’hristmas 

Pasciia 

to t ravel 

viajar 

the night 

la noche 

to last 

durar 

a jouruey 

un riaje 

regiment 

regimiento 

bay 

bahia 

about 

rcspecto (i 

battle 

batalla 

fortress 

fortaleza 

soon after 

poco despues 

according to segun 

the wharf 

el m uelle 

by storm 

por asalto 

a song 

vna canddn 

a couple of 

HU par de 

at least 

por lo me nos 


how long ? I cnanio tiempo ? 

later than ever mds tarde qiie nunca 
a return ticket un hillete de kla ij vuelta 
in the middle of eu medio de 
to east anchor anclar 

as far as hasfa 

1. Did you understand the song ? 2. No ; 

she sang in Italian that night. 3. We waited at 
least two hours. At what time did the train 
arrive ? 4. Later than ever. Nearly at half- 

past eight. 5. How much did the journey cost 
you ? fi. I took a return ticket, which is much 
cheaper. 7. When did the contractors begin to 
build the wharf ? 8. 1 think they began soon 

Nmu H G E Fm a n , ~TfK 
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iiftor Christmas. 9. Did you check all the 
invoices ? 10. No ; T had no time to check 

them all. 11. Did it rain ? 12. Only in the 

evening. 13. Did they wait at home ? 14. No ; 
they went out to greet him. 15. Where did the 
steamer east anchor ? Ifi. In the middle of the 
bay. 17. I do not understand why they did not 
answer my telegram at once. 18. Do you know 
what they dcciiled about the journey ? 19. Yea ; 
they agreed to travel with him us far as Vigo. 
20. How long did the battle last ? 21. A couple 
of hours. According to the last news, two n'gi- 
ments took the fortress by storm. 22. You 
speak English very well. Where did you learn it ? 
23. J was nine months in London, where I had 
a very good tcmehcr. 

Cardinal Numbers : The cardinal nnm- 
bci*s arc as follow : 


1. 

nno 

31. 

treinfa ;/ uno 

2. 

dos 

.32. 

t re ini a ij dos 

3. 

ires 

.33. 

treinfa y tres, etc. 

4. 

cuatro 

40. 

cuarentn 

5. 

dneo 

.50. 

dncuenla 

(). 

seis 

00. 

sesenta 

7. 

siete 

70. 

setenta 

8. 

ocho 

80. 

ochenia 

9. 

nueve 

90. 

voventa 

10. 

dtez 

100. 

dento 

n. 

once 

101. 

dento uno 

12. 

doce 

102. 

dento dos, etc. 

13. 

trecp 

200. 

dosdentos 

14. 

caiorce 

.300. 

tresdentos 

J5. 

quince 

400. 

cuatrodentos 

10. 

died seis 

.500. 

quin den tos 

17. 

diedsiete 

000. 

sdsdentos 

J8. 

died ocho 

700. 

stdedentos 

19. 

died nueve 

800. 

ochocientos 

20. 

vedute 

900. 

novedentos 

21. 

veAnfiuno 

1.000. 

mil 

22. 

veiutidos 

2,000. 

dos mil, etc. 

23. 

vdntitres, etc. 

100,000. 

den mil 

30. 

freivta 

1,000,000. 

un miUon 


2,000,000 dos millones 100,000,000 dm millone^H 


K.ules for Numbers. These numbers have 
no gender except uno and dosdentos, tresdenfos. 
etc., which change tln^ final o into a before a 
feminine substantive . — dos Ubros, two books ; 
dos cdsas, two houses ; but d/)sdenfos soldados, 
200 soldiers \ doscAenias enfermera^, 200 nurses. 

Urw and dento in front of a noun or adjective 

arc contracted to un and den rosjjectively. 

vn peso, one dollar; den cahallos blancos, * ona 
hundred white horses. 

Tens of hundreds cannot be used in reading 
Spanish figures. Therefore the numbers 1100, 
1200, 1300, etc., must be invariably rendered 
by mil dento, mil doscAentos, mil tresdentos, etc. 

NISH, LATIN, ENGLISH 
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The preposition de is always ndded to the word 
mtll6n and its plural rnilhnes when the sub- 
stantive immediately follows. — dos ftiiUones de 
francos^ 2,000,000 francs. Before cienlo and mil 
the word un is never used, but 1,000,000 is 
invariably read as un mill on. 

How to Express “Age.” The age of a 
person is expressed bj*^ to have years,” instead 
of ” to be old.” The question How old is she?” 
is therefore rendered by iCuantos anos tiene 
cUa ? (literally, ” How many years has she ? ”) 
” She is twenty-two ” should be translated 
accordingly by “ Tiene vein ii dos «?7o.y.” The 
question may also be put in this manm*r : “ ^ Que 
edad tiene ? ” (lit., * What age has she ? ”). 

Exercise XXIX 

to command mandar 1< i lied m nerto 

a shilling an chelin wounded hcridn 
to amount ascender prisoner prisionero 
the page lapagina customs aduana^s 

to discover descAthrir the area el area 

a pound nnaUhra Columbus (Won 

to estimate cnJcalar the enemy elenemigo 
the mine lantina the losses lashajas 

a gun an canon a ship nnhuque 

a frigate una fragata Europe Earopa 

annual anual between entre 

production prodaecion equivalent egairalenie 
a case of sugar na caja de azw^tr 

land surface saperficie territorial 

net receipt i ngreso I i(/a ido 

square mi le inilla caadradci 

1. Twenty ships. 2. Fifty-three shillings. 
3. Seventy-nine ])ages. 4. Forty-five cases of 
sugar. T). One hundred and seven pounds. 6. 
Three hundred and si.\ty-five days. 7. Six 
hundred and thirteen trees. 8. How old is lie now? 
9. He is seventy-five years old. At (trans., at 
the) twenty- three years of age he commanded a 
frigate of eighty -four guns. 10. What age were 
(imperfect) you then ? 1 1 . I was fifteen years old. 
12. In 1700 Davenant estimated the annual 
production of all the mines of England (at) 
betweem seven and eight hundred thousand 
pounds. 13. The area of ('anada is 3,470,000 
square miles, which is nearly equivalent to the 
land surface of Eurone. 14. The enemy’s losses 
were 1050 men killed, 1700 wounded, and 2500 
prisoners. 15. In 1844 the net receipt of the 
Customs at (trans., de) Liverpool amounted to 
£4,305,526 Is. 8d. 

The Ordinal Numbers. 'I'he ordinal 
numbers agree in gender and number with the 
following noun and are as follow : 

1st primero 13th decimo tercio 

2hd segundo 14th decirno cuarto, e»c. 

3rd tercero 20th righimo 

4th cunrto 21st vigeshno primo 

6th quijito 22nd vigesimj segundo 

6th sexto 30 th trigesimo 

7th sepihno 40 th cnadrageWnio 

. 8th octo'*»o 50th quincuagesimo 

9th nove 7 )o, norto fiOth sexaghimo 

10th decirno 70th septuagesimo 

11th undecimo 80th octogesimo 

12th duodecimo 90th nonagesimo 

100th centiaimo. 


After “the tenth,” cardinal numhtTs are 
generally us(‘d instead of the ordinal numbers. — 
el iomo qtihicey the fifteenth volume. 

The days of the month, which in English are 
expressed by ordinals, arc rendered in Spanish 
by the corresponding cardinal numbers with 
the only exception of ” the first,’’ W'hi(!li is 
nearly always translated by el primero, — el 17 de. 
Knero, 17th of January. 

Ordinals may bo placed before or after the 
noun they qualify, but the cardinal numb(*ra 
must always follow the substantive; thus, the 
second lesson, ta segnnda Icccion^ or la Icccion 
segundn, but ‘ tlu^ 25th lesson” must be rendered 
by la Icccion reinticinco. 

Whenever the masculine ordinal numbers 
primero and tercero are placed in front of the 
noun, the final o must be dropped. — el primer 
copitulo, the first chapter, but el capitulo primero. 

With the names of kings, popes, and the like 
the ordinals !nust he us(‘d U]) to the 10th. 
Beyond this figure tin? cardinal numbcr.s are 
commonly c‘mi)Iovcd. Tn sentences of this 
kind Ihi^ article is invariably omitted; thus, 
Edward VII., Eduardo AVp/Zmo; Alphonse XII 1., 
Alfonso Trece, 

Fractions. “ Om^ half ” and “ one? third ” 
are respectively rcndc'rod by la. milad or an 
medio and an tercio. From } up to fractional 
numbers are exprcss('(l by ordinals, but beyond 
tlu^ t(‘rminatioris aroy nvos must be affixed 
to the eorrespemding cardinal numbers. The 
decimal units 0 01, 0 001, 0*0001, and so on, 
are rendenal by ana ce.nfesimn, ana. mithimay 
ana diezmitesima, — dos qaintos, - ; cinco cator- 
ceavos, ; Ires niilesiniasy *003. 

The most important numerical substantives 
and adjectives are the following : 
a coujJe a7i par fourfold cuddruple 

ten ana decena fivefold quintuple 

a do 7 .cn ana docena sixfold sextuple 

a thousand ini miliar tenfold decuple 

double dobte hundredfold cra/a/Je 

threefold triple manifold muttiplp 

a hundred ana centena or un centenar 


to land 

ExKRcrsK XXX 
desemharcar \ ln‘ class 

la ctase 

to be born 

naccr 

a biiildijig 

an. edificio 

to ascend 

ttscendf r 

the fioor 

el pi so 

to exj)irc 

expirar 

the library 

la biblioteca 

to contain 

contener 

a volume 

an tomo 

to remain 

jierma never 

a chapter 

an capitulo 

sam<‘ 

mismo 

the wife; 

la esposa 

exelusivi‘ 

e.rclusivo 

the date 

la fecha 

Spain 

E span a 

a port 

un puerto 

England 

Jnglatcrra 

the tonnage el arquco 

Italy 

Italia 

a ton 

ana tonelada 

(diaries 

(larlos 

t he vessel 

el barco 

the king 

el rey 

stationary 

estneionario 

the })ope 

el papa 

the right 

el derecho 

the throne 

el trono 

a quarter 

un cuarto 

a kingdom 

un reino 

per 

par 

the reign 

el reinado 

an inch 

una pulgada 

a century 

un siglo 

at the close al final 

foot 

pie 

the birth 

el nacimiento 
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the New WorJd el Nuevo Mundo once inenos cinco (minutos). 6. Serdn entonoes 

without reckoning sin cx>ntdr las tres. 7. Las diez inenos diecisois. 8. 

the birthday el cumpleanos i Qu6 hora es ? 9. Son las cuatro. 10. Mi 

the po[)ulation la pohlacion reloj cstii cinco niinutos adolantado. IJ. El 

the rate fa proporcion reloj dc la ostacion est^, sienipre atrasado. 12. 

an emperor un empermlor EHtar6 alH 4 las diez cn punto. 13. Una senuma 

the inhabitant d Juibilanie tieiie sicto dias y iin ano doco meses. 14. Es 

not a single provincial ni una ^^ola cindad pro- ya la una ? 15. Todavia no. 1(>. ^ A que hora 

town vinciana <^s la eena ? 17. I’oco despues do las siete. 18. 

1. He smokes a couple of pipes after dinner. i A que hora tcrminarA la funcidn ? 19. A las 

2. 1 us(xl to travel (in) third class. 3. They arc ochoenpimto. 20. ^ Euede Vd decirme la hora ? 

living now on the fifth floor of the same building. 21. (,'oii miicho gusto ; sou las diez monos diez. 

4. I road it in the iirst chapter. 5. Did you 

lend him the 20th volume of the Spanish library ? Key to Exercise XXV 

G. We landed at Valparaiso on the 2l8t of Decern- 1. Let us koe]) it. 2. Sell them to her. 3 

her (of), 1879. 7. His wife was born on the Gth Lot them type it. 4. Do not lend it to him (or 

of January, 1880. 8. August the 30th avUI be her to her). 5. Let him learn it by heart. 0. !)o 

first son’s birthday. 9. What date is today ? not sp(‘ak so fast. 7. Let him S])eak. 8. Do 

10. The 19th of February. 11. Philip TIT. not buy it in that shop. 9. Let her sing. 10. 

ascended to the throne of Spain in 1598. 12. In Let us a.sk. II. Let them not sign them yet. 

1493 the Pope Al<‘xaiidcr VI. grant<‘<l to the 12. Pardon m(\ 13. Do not let us wait for 

(.-atholic kings exclusive rights over the New Ihein. 14. lk‘ ready on Tuesday. 15. Let us 

World. 13. The Emperor (3iaiTes V. <‘xpired have confidence in the future. 10. Do not 

(on) the 21st of September, 1558, at the age of forget it. 

58 years G months and 25 days. 14. At the Key Tt) Exercise XX VT 

close of th(3 17th century the jmpulation of 1. 'rraigamelo Vd. 2. Vemlamosclos (a ella) 
England was (era) 5,2(K1,000 souls. 15. The 3. Dispense*, Vd, doiule esta la parada do 

tonnage of the steamers of the port of London eoelu's mas proxima ? 4. Pregunteselo Vd. a 

arnounled, at the close of 1854, to 138,000 tons, uii policia. 5. No los pidamos todavia. G. /. Por 

without reckoning v(‘ssels of less than (ifty tons, qm'* no ? 7. Por que tenernos otra cosa qiu* 

IG. In the reign of Charles IT., Macaiday writes. hacer por ahoi a. 8. Haga el favor de eseribir a 

not a single provincial town in the (trans., del) maquina esas dos cartas. 9. l)(!‘jclo Vd. salir. 

kingdom contained (impf.) 30,000 inhabitants, 10. No venga Vd. antes de las siete. 11. Haga 

and only four had (inif)f.) 10,000. 17. During Vd. el favor de pontT este vaso en mi 

a quarter of (a) century the rate of births in mesa. 12. Quo paguen sus dendas. 13. Elija 
Italy remained almost stationary, at 37 per 1000. Vd. uno. 14. Diganu* cual es el mils 

18. One inch is equal to l-12th of (a) foot. 19. bnrato. 15. Vaya Vd. enseguida y expli- 

0*04503. queselo (a ella). 10. Pruebe Vd. a r(‘])('tirlo. 

Key to Exercise XXIV 17. Que traduzeun el eablegrama en el acto. 

1. Las cinco. 2. Las diez. .3 Las do.s 18. Busquomowlo (*n el jardin. 19. No .s(‘a 

meno.s cuarto. 4. La una y media. 5. Eraii las Vd. inipaeH*nte. 

< 'oulinued 

FRENCH ' By Louis A. Barbe. B.A. 

PERSONAL PRONOUNS 2. ' Fhe eonjunotivo personal 2>*'unouna as 

1. There are two forms of p(U’sonal pronouns subjects precede the verb : je parte, 1 .sjxiak ; 
(pronoms personnels): the eonjunetiv© form parfe pas, he does not speak, 

and the disjunctive form. Exceptions : (a) Jn interrogations and ox- 

Conjunctive Personal Pronouns* danudions the pronoun comes after the verb : 

The conjunctive pc v;onal pronouns are always avez-mus, have you ? p'lrlent-ils, do they 

closely joined to a verb, and can be used only sj>eak ? When, in the third j)erson singular, the 

when the verb is actually expressed — not verb ends with a vowel, a -t-s with a hyphen 

understood. Used as subjects they are : before and after it, is inserted between the verb 

1st jicrson : je, I ; we. and the subject: parh-t-il, does he speak; 

2nd jxM'sou ; lu, thou ; mus, you. a-t-elle, has she ? 

3rd person : if, he, it ; elle, she, it ; (^) The subject follows the verb, when that 

Us, (ra.), elles (f.), they. verb refers to what hf!,s been expressed in direct 

The conjunctive personal pronouns as objects, speech : Sortez, dii-il, go out, said ho. Iliis 

both direct (accusative) and indirect (dative) are: inversion is optional in English, but obligatory 

Ist person : me, me, to mo; nous, us, to us. In French, and also takes place when the subject 

2nd person: thee, to thee ; you, to you. » a noun: viens id, dit mon pere, com© here, 

3rd person (direct) : le, him, it ; la, her, it ; niy father. 

them (mas. and fern.). (c) The subject follows the verb in sentences 
SM person (indirect) : lui, to him, to her, to it ; beginning with ausst, therefore, peut-dtre, 

Uur, to them (mas. and perhaps ; encore, even then, etc. : II secoufut 

fern.), toujours V infortune; auaai a-t-il d son tour trouvi 
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ded amis; He always relieved misfortune; 
therefore he, in Bis turn, has found friends. 

3. The conjunctive personal pronouns as ob- 
jects (accusative or dative) always precede the 
verb, except when the verb is in the iniporativo : 
je les voisy I see them ; il me Va donne^ he has 
given it to me ; but, donnez-ledui, give it to him. 

When the verb is in the imperative afhrniative, 
the disjunctive forms woi, toi are used iiister^d 
of me, te ; donnez-le-moi, 
give it to me; fr/:tez- 
lui votre canif, lend him 
your penknife (see 7). 

As a conjunctive pro- 
noun, Ivi is both mas- 
culine and feminine ; 
thus, je lui jxirle is both 
I speak to him, and I 
speak to her ; donnez- 
lui, give him, and give 
her. 

4. When a verb has the same person for both 
subject and object, it is said to bo reflexive 
{rfflechi), find the personal pronouns used as 
objects become reflexive pronouns. There is 
then a special form, for the third person, 
singular emd plural. Those reflexive personal 
pronouns are : 

me, myself, to myself ; nous, oursedves, to 
ourselves. 

te, thyself, to thyself ; vous, yourselves, to 
yourselves. 

se, hims:*lf, to himself ; herself, to herself. 

se, tluunsclvcs, to themselves (mas. and ftm.). 

Examples : Je me flaUe, I flatter myself ; 
(u te trompes, thou art mistaken ; il sc rovrhe, 
he goes to bed ; nous nous levons, wo get up ; 
volts vous habillez, you dress ; ils (dies) s'a- 
musent, they enjoy themselves. 

5. Kn and y are pronouns used more par- 
ticularly, the latter almost exclusively, with 
reference to inanimate objects. 1'hoy may bo 
considered as equivalent to English neuter 
forms. En means “ of it,” “ of thorn,” “ some.” 
Y means “ to it,” “ to them,” and also “ to that 
place,” i,e. “ there.” 

0, When a verb has several pronouns as 
objects, the order in which they aro to be placed 
is as follows : 

Ist, 7ne, te, se, nous, vous; 2nd, le, la, les; 
3rd, Ini, leur ; 4tli, y ; 5th, en. 

Examples : 11 me le donne, he gives it to me ; 
nous les leur prCkms, wo lend them to them ; 
s nus nous y sommes consacres, we have devoted 
ourselves to it ; vqms inen avez jjarle, yon have 
spoken to me about (of) it ; ils lui en on* donne, 
they have given him some. 

7. If the verb bo in the imperative and 
affirmative, the pronominal objects follow it, in 
the same order as in English. Me and te then 
become moi and toi ; and m\ t\ before en. 

Examples : Donnez-le-moi, give it to me ; 
pretezJesJeur, lend them to them ; donnez-m* en, 
give me some ; pensez~y, think of (to) it. 

8. If the imp3rativo is negative, this change 
does not take place, and the pronouns remain 
before the verb. 


1. 


2 . 3 . 4 . 


ill 

il 

die 
nous 
vous I 
ils 

elks j 


f me 

I 


1 


.^e 

nous 

vous 

se 


le 

It 

les 


Examples; Ne le leur donnez pas, do not 
give it to them ; 7ie m'en parlez pas, do not 
spec^k to me about (of) it ; ne vous y opposez 
pas, do not oppose (yourself to) it. 

9. The following table shows the relative 
position of all the conjunctive personal pro- 
nouns, and also of the negative ne . . . pas 
{point, plus, jamais, etc.), when used in con- 
nection witii them : 


5 . 6 . 7 . 8 . 9 10 . 


Ini \ 
leur j 






pas, 

point, 

plus, 

etc. 





If the sentence 
is interrogative, 
the subjects in 1 
cotne after 8. 


Void and roild aro made up of the imperative 
7'ois, IxOiold, with d for id, luue, and Id, there. 
Like v<wbs, they govern the pronoun in the 
objective (‘ase, and cae preceded by it. 

Examples : Ou est man canif? Le void, where 
is my piuiknife ? Hero it is ; Ou est ma pouph ? 
La roild, whore is my doll ? There it is ; OH 
snnikurs jonjoux ? Les roild, ^IvdtQ aro their 
toys ? There tlu\y are.- 

Exercise XV. 

1. T am looking (for) (cherche) my book and 
my pens. 

2. You have spoken to my brotlnu* and sister. 

3. He has given a present {cadcau) to his 
friend. 

4. He is looking (for) mo. 

5. She is speaking to you. 

6. W^o have given him a watch {inontre, f.). 

7. He does not sjieak to Ukuii. 

8. Has she given them a present ? 

9. Has ho found his watch ? ' 

10. I give thee that, ho sa:d to mo. 

11. (J ive it (m.) to rue, said my father to us. 

12. Buy {achete) thyself an umbrella {/Kira- 
pluie, m.). 

13. Wo got up every ihiv at seven o’elofk. 

14. They never go to h.si before eleven o’clock. 

15. We give it (m.) to them. 

Ifl. She hmds it (f.) to you. 

17. He has given us some. 

18. You have spokcui to us about (of) it. 

19. If you have emy inoiioy, give him some. 

20. Do not speak to him about it. 

21. We do not oppo-^o {ap poser) it (oppose 
ourselves to it). 

22. If you are looking for your gloves, hero 
they are. 

23. You are mistaken. 

24. They flatter themsfflves. 

Disjunctive Personal Pronouns. The 

disjunctive personal pronouns, whether used 
as subjects or as objects, have but one form. 
They are : 

moi, J, me, to me nous, we, us, to us 
toi, thou, thee, to thee vous, you, to you 
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luiy he, him, to him mx (m,), they, them, to, 
them. 

fWe, she, her, to her elles (f.), they, them, to 
them. 

The reflexive pronoun .se also has a disjunc- 
tive form, fsoi. Example : Chacun pour soi^ 
each one for himself. 

2. The disjunctive form is used after pre- 
positions : nous sommes pour eux et contra hiiy 
we are for them and against him. 

But when a single pronoun is the indirect 
object (dative)* Ibe proposition «, to. is not 
expressed. The pronoun is in the conjunctive 
form and i)recedes the verb. Tf the verb is 
reflexive, liowever, the preposition a is expre.ssed: 
nous nous fions a eux^ we trust to thtun. 

fl. When a personal pronoun is used alone, as 
either subject or object of a verb understood, 
the disjunctive form is required : 

Qui Ini a rejmndn ? Moi^ who answered 
him V I ; Qui a-t-il vu ? Eur, whom did he 
sec ? Thom. 

4. When a personal pronoun is the ‘‘ logieal 
subject ” of the verb ctre, preceded by ce, the 
disjunctive form is reqair(‘d : 

c^est moiy it is I e'est nous, it is we 

e'est toiy it is thou c est vans, it is you 

vest luif it is he ce sonteux^ it is they(m.) 

c est elle^ it is she ce sont elles, it is they (f.) 

In this construction the verb is plural wlien 
followed by a pronoun in the third person 
plural. 

5. When a verb has several subjects, or 
several objects, those of them that are pronouns 
must be in the disjumUive form. In this con- 
struction it is usual to introduce an addilien.a! 
pronoun in the conjunctive form, incliuling all 
t ho others : 

Toi, lui et moi, nous serous ensemhle, thou, he 
and T (we), shall be togetheu-. 

11 nous verrUy toi et moi\ ho will see (us), you 
and me. 

fl. The pronoun coming after (/ue, than, as 
subject or object of a verb understood, must 
bo used in the disjunctive form : 

J'lj ai He plus sou vent que lui, I have been 
(here oftener than he. 

11 rolls voit plus sou vent que moi, he sees you 
oftener than me. 

7. A personal pronoun immediately preceding 
a relative must be in the disjunctive form : 

Moi qui vous park, jc Vai vu de mes ijeux., I 
who speak to you, 1 saw it with my own eyes. 

8. A pronoun is emphasised by being used 
once in the disjunctive and again in the con- 
junctive form : 

You work and I play, toi, tu travailles et moi, 
jc joue. 

In this construction the disjunctive pronoun 
may bo placed either before tho conjunct ivo 
or after the verb : 

Tu travailles toi, you work. 

9. If the emphasised pronoun is in the third 
person, and is the subject of a verb, the con- 
junctive form may be omitted : 

Lui pe'ise aiasi, mais eux peuseut autrement, 
he thinks thus, they think otherwise. 
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But if the emphasised pronoun be objective, 
both forms are used : 

Je le crois lui, eux je ne lea croia pas, I lelieve 
him, them I do not believe. 

10. In elliptical sentences, w^hen the only 
verb expressed is in tho infinitive, the pronoun 
is used in tho disjunctive form : 

Moi vous trahir, I betray you ! 

11. The disjunctive form is used with a 
participle to form an “ absolute ” construction: 

Lui mort, nous n^aurons plus de chefy he being 
dead, wo shall no longer have a leader. 

12. The disjunctive pronouns form with the 
preposition chez expressions that mean “ at my 
house ” or “ at home,” etc. : 

chez moi, at (to) my house 
chez toi, at (to) thy house 
chez lui, at (to) his house 
chez elle, at (to) her house 
chez nous, at (to) our house 
chez vous, at (to) your house 
chez e\ix, at (to) their (m.) house 
chez elles, at (to) their (f.) house 

II 71' est pas chez lui, ho is not at homo. 

Nous sornmes tou jours chez mms le soir, we 
arci always at homo in the evening. 

Kst-il alle chez vous ? Did ho go to your 
hou«e ‘r 

13. Tho disjunctive forms, with mcine joined 
to them by a hyphen, bet'orne emphat ic personal 
pronouns : 

moi'7nemr, myseJf soi-meme, onostflf 

tid-niAne, thystjlf nous-memes, ourselves 

lui-meme, hims«;lf vous-memes, yourselves 

elle-meme, herself eux-memes (m.), them- 

elh\s-niemcs ( f . ) themsel vos sel ves 

Those forms are not reflexive, and may not 
come immediately after tho conjunctive sub- 
jects je, tu, etc. : 

II me Va dit lui-meme, he himst^lf tifd mo. 

They may bo used in connection with re- 
flexive verb ^ : 

11 s'hahille lui-meme, dresses by himself 
{lit., he himself dresses hims(4f). 

14. Jn French the second person singular 
and tho second person plural are used as forms 
of acldross. Tlie singular implies very great 
familiarity. Tho use of this familiar form is 
called tutoyer, as : 

Nous nous tutoyom, we “ thou-thoe ” each 
other. 

Exekcise XVI. 

1. They are against me and for them. 

2. Sho does not trust him. 

3. Whom have you seen ? Him. 

4. Who answered him ? They (m,). 

,5. Who is there ? It is 1. 

0. 'Wo shall go (irons) together, thou and T. 

7. He has spoken to him and me. 

8. Wo have been there oftener than they. 

9. She is more intelligent than he. 

10. They, whom we thought (que nous croy- 
ions) our friends, have betrayed (trahis) us. 

11. He works, but you do nothing but (ne 
fais que) play. 

12. Ho say (dire) such a thing I 
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13. They have supplied (fourni) the money ; 
he has built (bdti) the house. 

14. If you do not believe {croi/ez) me, will you 
believe (croirez) him ? 

15. That child has written the hotter him- 
self. 

16. They (f.) hav^e told {(lit) me themselves 
that they would come {viendraient) this evening. 

17. They (m.) are never at home in the 
evening. 

18. Each one for himself and God for all. 

• 

Key to Exeiw’ise XTV [paoe 2110]. 

Le territoire do la Rt'publiquo fran^aise est 
d’environ cinq cent trente-six inilh^ ein(| e<‘iiis 
kilometres carr(^‘s. Sa superficie est a peu pivs 
treize fois la superficie d(^ la Suisse et plus d(^ 
treizo fois la superfiei(^ do la. B(‘lgique. Sa 
population est de tr(‘nte-neuf millions six cent 
mille habitants. Elle a quatre-vingt-six d^- 
partemenf s. Son climat est temp6r6 : sa tempe- 
rature moyenne annuelle est do soixante degres. 
Sa chute de pluies est do quatre-vingts centi- 
Tuetn'H. La France forme une r^publique. A 
la tete du pouvoir executif est plac6 le president 
de la ll6publiqu(*. J1 est ^lu pour une ]>eriodo 
de sept ans. l^e servi<;o militair(5 est obligatoire 
(‘11 France des Tago do vingt ans. La dur6(5 du 
s(*rvice est de vingt-cinq ans : deux ans dans 
rariiK^e active, onze ans dans la rc^'servo de 
rarimV active, six ans dans I’aniWH? territoriale 
et six ans dans la reserve do rartnee territoriale. 
En temps d(^ paix Tc'lfectif est do cinq cent 
soixante rnilh^ homines environ. J.«a marine 
fran^aise comprend quaint c(‘nt cinquant<» 
navires de guerre, lls sont monies par environ 
cent milh^ mattdols et soldats do marine. 11 y 
a cinq grands ports militaires. Paris, la capitalo 
d(; la France, a une population d' environ trois 
millions. Lyon et Marseille sont aussi deux 
des ]>lus graiides vil](‘S de la France. A Marseille 


il y a cinq cent cinquanio mille six cents habi- 
tants ; k Lyon il y en a cinq cent vingt-troia mille 
huit cents. Paris a plus d'un million huit cent 
mille d’habitants de plus que ces d(*ux villes 
ensembl(‘. Par ses industru^s et son eommereti 
Paris est une de.s premieres villes du mondc*. 
Marseille est lo premier port de toute la M^xlitor- 
ranee et une des dix ou douze places commor- 
oialos h's plus importantes du globe. Le com- 
merce de la France est trt^s consid('‘rablo. La 
valour moyenne d(^ son commerce exterieur est 
de douze mille einci cents millions ou douze 
milliards et demi : six pour rimportaiion et six 
d<uni pour Texportation. La plus longue 
rivier(‘ de la Frances est la Loire. La longueur de 
la Ixiiro est do mille vingt kilometres. Les lignes 
des chemins do fer tie la France ont une longueur 
totale de quarante-huit mille kilometres. Les 
Anglais mesurent les distances par milles. Its 
Franyais par kilometres. Le mille anglais est d(» 
mille six cent nouf metrt^s. Les Franyais indi- 
quent la valour par francs ct centimes. Le franc 
vaut un poll moins do dix “ pence ” anglais. Le 
centime est la centienu^ partie du franc. Il y 
a des pieces d' argent do cinquante centimes et 
des pieces d or de dix francs. La plus grosse 
piece d’arge^nt (^st la piece d(i cinq francs. En 
France livs jours de F*! (‘ sont lo jirmnier janvicr ou 
le jour dti TAn, Paipies, rAscension. la J’entt'- 
cote, rAssompfitin, la Toussaint, ct le jour de 
Noel. Jja Toussaint est toujours le premier 
novembre et Noel le vingt-cinri d^cembre. 
J’aques tombe i*ntre le vingt et un mars et h* 
vingt-six avril. 

L’ Ascension (‘S^ aussi une Fte mobile. Elle 
tombe quarante jours apres J^lques. J^a 
Pentecote tombe dix jours plus tard, e'esf.-a- 
(lire cinquante jours aprt'S i^acpies. Les Franyais 
celebrent leur fete nationale le (piatorze juillef , 
on memoire de la prise d(^ la. lhistilU‘ on mil 
sepi cent (piatre-viiigl-iuMif. 


Conti nned 


GERMAN By P. G. Konody and Dr. Oaten 


XXXI. The Ueflkctivk Pronouns aie 
used in German to expiess the reflection of 
an action on the acting person : 

Sin{/.l. Ad) ivafd^c niir tic I wash 

my hands [I wash to myself (dat,) 
the hands] ; 

2. tu UHifitjt tir. bic .'>dnbe, thou 
washest tJiy hands [thou washest to 
thyself the hands] ; 

3. er, fic, cix irafd't bic .^dnbe, 
he, she, it; washes his, her, its hands ; 

Plur. 1. U'ir tvafdim uuc bic .§>iinbc, Ave wash 
our hands ; 

2. il)r U'afdit cuc!^ bic -'panbe. you wash 
your hands ; 

3. fic UMfefeen f i bie $anbf, they 
wasli their hand.s. 

Alike in the accusative : 

Sing. 1. Ad) n'afd)c mid), I wash myself ; 

2. b u mafd)fl t i , thou washest 
thyself ; 


Siti'f. 3. c r , f i c , c 0 U'vifd)t f i dt he washes 
himself, etc. ; 

Plnr. L IV i r U\ifd)fii Ull»5, we w^ash our- 
selves ; 

2. ilir UHifcbt cud), you wash your- 
selves ; 

3. fic ivafd'cn fid>, tlicy wash them 
selves. 

In the first and second person the personal pro- 
noun (XT.] is iis(*d in the required ca.se. Only 
the third person {sing. : cr, fic, cd; pL ; fie) has a 
separate reflective pronoun — jid) — for all genders 
and numbers, both in the dative and accusative. 

The reflective pronouns are employed in all 
tenses with the verbs of which they reflect the 
action. The imperative is : sing. 2 lvafd)C b i r 
bic -'>anbc ! (dat.) ; and U'afd)c bid^ ! (acc.). 
Civil address: ivafcbcn <©ie fid) bif Jpanbe! and 
tvafc^cn <5ic fid)! 

1. The reflective pronoun immediately follow's 
the finite verb in simple sentences. In the 
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c<>mp<mnd tenses it therefore stands between 
the tinite verb and the constant fornw ; i(i^ 
imtfrl)al'te wid), I enjoy myself ; and id) l)ate 
mid) uutcr^arten, I have enjoyed myself ; id) U'crte 
mid) uurfrl)al'tru, I shall enj(»y myself ; etc. 

2. The reciijrocity of a reflected action is not 
expressed by fid), but by e i tt a n t e t » each 
other, one another : fie licttai ftd), they loved 
tluiinselvoK ; and : fie liebten cinantcr, they loved 
oacli other. 

XXXII. The Cardinal Nimerals arc: 
oiiux .... 1 elf .... 11 breinu^ . . .. 30 

;u'ci .... 2 puclf .... 12 tiicrji^ .... 40 

rvei .... 3 brei^elui .... 13 .... 50 

I'icr .... 4 incv^cbu . . .. 14 fcd)pi^ .... 60 

fiuif .... 5 fuuf^cijR . . .. 15 fiebprt .. •• 70 

h'd';' .... 6 fcd\^c(m .... 16 achtpij .... 80 

uoben . . .. 7 .... 17 iicimpvv . .. 00 

aclM .... 8 ad)t;;chu.. .. 18 Ijunbcrr. , .. 100 

ncnii .... 0 iifun^flm. . . . 19 l)mibcrt unt' ciiitf 
<ol;n . . . . 10 .... 20 101 etc. 

taiifeub .. .. 1000 fine 3)li(liou, a million. 

After 20 the unit always j)recedes the multiple 
of ten, with w'hicJi it is connected by the con- 
junction unb : ciiunibovanpih 21 ; preiuiibpiHnip^. 
22 ; etc., corresponding to the English form 
one and twenty, etc. The numeral ciud casts oil 
the & at the beginning and in the middle of a 
compound numeral, but retains it at the end : 
fimiubbvci§iv^. 31 ; l)unbcrtcimnibfcd)piV 161 ; but, 
l)imbmimbciuc(, 101; etc. Also: cc< i(l ciu Ulir, 
it is one o’clock. lUit if Ul)r (o’clock) is omitted : 
(6 cjl (9 i tl ? , it is one [o’clock]. The hundreds, 
thous;uids, etc., arc formed as in English : 
prcibuiibcrt, 2tK) ; fuiifl)mibcrf, 500 ; i^cbiuauffiib, 
10,000 ; t)unbcrt taufenb, 100,000; funf lunibcrt tail- 
fcRb, 500,000 ; etc. 

1. (a) The numeral cin(m), einc (/.), ein (n.) 
takes the dcclensive inflections of the indefinite 
article I see \^, 4] when preceding the substantive 
as attributive adjective. It is distinguished 
from the indefinite art icle only by the stress laid 
upon it : cr ag iinr c i ucn Vlvfcl, he ate only (»ne 
apple ; but, cr af? cinen VI vfd, be ate an aj)ple. 

{h) if not directly connected Avith a sukstantive, 
it bikes the declension of adjectives (see 

XXVI., 2] with the genitive -cci : eincr {vom.) 
iHMi ben btei ’ilianncrn, one of the three men ; id> 
fvil) ciiici! (acc.), I saw one ; etc. When used 
suhsbvntively it tako.s a capital letter : twiner fa^tc 
CiA mir, one [person] told it me. 

(c) With the definite article it bikes the in- 
flections of the weak declension of adjectives 
[.see XXVI., 1]: ber cine ren' ben brei ?llfdnnern, 
[the] one of the three men. Ter i orni'fler ein - c d 
and ein - e n ^olbatcii, the knapsjick (»f one 
soldier, and .... of [tlie] one of the soldiers, 
twiner uuicr cud), t>ne among you; and bet 
ein - f unter end), etc. 

2. The nunu^rals pvei and brei form tlie gQiii- 
five Avitli tlio sufiix -er, and the dative with -eii, 
if the case is not easily recognisable by the 
inflection of some other noun adjunct (definite 
article, pronoun, adjective, etc.) : (?r war bet 
Plater ^Wei-er [or brei-er] (gen.) .Ibinber; he 
was the father of two [three] children ; and 
er wax bet Plater jwei [brei] fc^cn-er (gen,) 

2234 


»Ctnber, ho WAS the father of two [three] beautiful 
children ; or, er Wat bet 'loafer ber (gen ) .jwti 
ilinber, he wfus the father of the two children, 
war brei-en (dot.) SJldbcben ein ^ilater, and 
er war ben (dtU,) brei aJldbd)en ein plater, ho was m 
father to the three girls. The higher numerals 
vrhich do not admit these inflections are usually 
circumscribed with the preposition inm, of : 
er war ber 'sl^afer fed)^ .^inbern, etc, 

3. The numerals 1 — 19, if not immediately 
followed by a substantive sometimes biko an -e 
in the nominative and accusative (pt»ei-e, brei-e, 
fimf-e, ) neun-e, etc., and -eii in the dative: 
wit (3) ))icr - e n , fec^f - e n , etc. Both these forms 
arc used in idiomatic expressions, when the 
number is undex’stoijd to comprise the substan- 
f ive : wir waren unfer finif-c, there w^ere five of us 
[persons] ; er fvihrt tiiit fe^f-cn, he drives with 
six [horses], etc. Those ending in f (funf, elf 
piH'lf) are pronounced like w ; fi'nife (pronounced 
fiinwc), etc. 

4. Th(5 numerals arc also used as substantives, 

with a geiidtr and w'vitten with capitals : bi( 
(eiiif) (.^iut^ (/.) 1 ; also ber (9tiif-cr (7n.), the one ; 
bic (S'lf (/.) 11 ; biW tf>untcrt (n.) the hundred ; bae 
iimfenb (n.); bic (cine) (/.), 33iUton (/.); 

bic (cine) tlkidiarbc (/.), 10(X) millions, etxj ; also in 
compounds : biUi l^al)r()nnbcrf, the century, etc. ; 
and they take tlie declension — masculines and 
neuters strong, genitive with -0, ]>lural with 
snflix -c or unchanged : bci> Cfinfcr-e<, bct^ i)^imbcrf-Cf ; 
pi. bic A>unbert-c, bic laufcnb-c, bic (!?inf-cr; but bic 
V.lii(licn-cn, bie ?JlillivUbc-n (weak). 

XXXni. The STiif)N(j Verbs with the 
Stem Vow'kl -i- change it in the imperfect inic* 
-a- aiul in the insist. pavtieij[>le into -u-, -c-, or -e-. 
Tlie list- of verbs, with thidr diftenuit tenses, 
given on the next pagi^ must be carefully com* 
mitied to memory. 

EXAMINATION PAPER 

1. Ill which peivson, and for which dcclensive 

cases, does tbe refl(*ctive pronoun take a 
distinct form I 

2. Wlierc is the roflectiA’c pronoun placed in 

file normal arrangement of simjilc sen- 
f cnees '( 

3. What alterations does the cardinal numeral 1 

undergo in Gorman when placed at the 
beginning, in the middle, and at the end 
of a compound numeral f 

4. Which is t he place of the unit in compound 

numerals above 20 ? 

5. When does tlie numeral I take the inflections 

i>f the strong, and when those of the w^cak 
declension of adjectives ? 

0. What are the suffixes for the genitive- and 
dative of the numerals 2 and 3 ; when 
are they cmifloyed, and in which numerals 
is the genitive circumscribed by a pre- 
jx>sition ■/ 

7 . Which vowels are taken in the imperfect, 

and which in the jiast participle, by the 
strong verbs with the stem-vowel -i- ? 

8. Why do some verbs take the prefix ge- in 

the past participle, whilst others remain 
without it ? 
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1 Infinitive 

pRKsF.NT Tense 

iMPERFEcrr 

IlMPERA" 

Past 


. 

Indicative 

Indic'itive 

Sidijunctive 

TIVE 

Pa RTF Cl RLE 

r 


I., II., IIL, Sin«. 

Singular 

bcbiiiiien ♦ 

to stipulate, 

id) bebimve, ‘ft, -i 

id' bcbaiiyt 

bcbdiKic 

bcbiiui(c) 

bcbniu^cn 


contra<!t 






btttbrii 

to bind 

id)binb'C, -cfi, -et 

icb baiib 

id) bd nbe 

binb(c) 

rtcbunbcn 

b r i 11 ^ e n t 

to prtiss, pene- 

id) brimvc, -fb -t 

id) braiKi 

id' brdUiic 

briiui(c) 

rtcbnntiifii 


trate, rush in 






cnivnnbcn 

to feel 

id) cutvfinb-c, -eft, -ct 

id) ciitvfaiib 

id' cmvfdnbc 

cnn'finb(c) 

cnu'fiinbcn 

fiubcii 

to Jind 

id) pub'C, eft, -ct 

id' fanb 

id) fdnbc 

fxub(c) 

rtcfiinbcii 

c 1 i n e n 

to succeed 

yiclimpt 

CCS yiclaiiii 

ct? itcldiuic 

ct)i\clini^(c) 

iic lumpen 

flin.:\cn 


(used only in the neuter) 

to sound 

id) Hiiuvc, -it, -t 

id) fliUiii 

id' tldiuxc 

fliiKl(c) 

iicfluity^cn 

riiuicn 

to w re.stle 

ic^ riityvc, -ft, -t 

id) raiiyi 

id) rdm^c 

riit^(e) 

ilCTUlUIfll 

fd^Uiu'icu 

tt) entwine. 

id) fd)liiKVc, -ft, -t 

id) fd)Iaitii 

id) fd'lditiic 

fd)liiu^(c) 

vicfd)linuicn 


■wind, swallow 
greedily 

id) fd)Uniit)-c, -eft, -ct 


id) fd)li'dnbc 



f IX) i 11 b e n 

to vanish, 

id) fd'R'aiib 

fd)n'iiib(c) 

iIcfd)U'iinbcn 


dwindle 





fd>uniu^cii 

to swing 

id' fdniMiiyVc, -fb -t 

id' fd)U'aiui 

id) fd)n'dihxc 

id)U'iiui(c) 

ilcfd)U'uniicii 

fiiuvn 

to .sing 

id) fiiuvc, -ft, -t 

id) fa ityx 

id) fdiuv 

unit(c) 

yicfitiuicti 

f i n t c u 

to sink 

id) fiiif-c, -ft. -t 

id) fan! 

icf) fdiifc 

rutf(f) 

iicfuufcn 

f p r i It ^ c n 

to leap, jump 

id) fpriiupe, -ft, -t 

id) fvraiui 

id) U'rdiuic 

h'riiui(c) 

i^cfi'niihicn 

jlinfeii 

to .stink, 

id) (liiif-c, -ft, -t 

id) jlanf 

id) ftanlc 

ftinf(f) ! 

iicflunfci! 

trinfeu 

to drink 

id) trinf-c, -ft, -t 

id) tranf 

id) trvinfo 

triiif(c) 

yictnuifcu 

itinben 

to wind, tavist 

id) U'inb-c, -efr, -et 

id' n'all^ 

id) U'diitc 

ii'inb(c) 

itcu'iinbcii 

piMitiieii 

to c<»n.stiain, 
force 

id) pi'iiuvc, 'ft, ‘I 

id' px'aiiyi 

id) pi'diutc 

pi'iiu\(c) ii^cpi'inutcn 

! 

b^pinicn }: 

to begin 

id) bcytimi-c, -ft, -t 

id) bcyiaini 

id' bcivitnu’ 
aIso{bi\li'mic) 

bcivun(c) 

bciienncu 

bcrinnen 

to consiiler, 

id) bcfiim-c, -ft, -t 

id) bcfanii 

id) bcfdimc 

bcunn(f) 

befenuen 


deliberate 


id' i^cu'aim 

(bcfdnnc) 

itcu'iiin(c) 


^ciiMtuien 

to win 

id) c(cu'iim-c, -ft, -t 

ic^ tieu'dnnc 

iicivoiincii 




(itcivdnnc) 

rinii(c) 


t i n 11 f It 

to flow, run 

id) rinii'C, -ft, -t 

id' raim 

id) rditnc 

ticren licit 




(rcuuc) 


f d; tr i m tit e n 

to sw im 

id) fd>U'imm-c, -ft, -t 

id)fd'U'amni 

id) fd)U'dmmc 

fd'U'imm(c): iv'fdiU'cmmcn 1 




(fd)U'ommc) 



fin licit 

to meditate 

id' fimi-c, -ft, -t 

id) fan 11 

id) fdnnc 

fimi(c) 

i\cU'iincu 


1 



(fcuuc) 



fviintcu 

to spin 

id) iviini-c, -ft, -t 

id) fvauii 

id) fvdimc 

HMnn(c) 

iicfveniicn 




(ftH'niiO__ 1 



biticit 

t-o ask, beg 

id) bitt-c, -efr, -ct 

id) bat 

id) bate 1 

bit((c) 

vicbctcii 

be fi't* fit 

t/O po.s.se.ss 

id) bcfib.'C, -eft, -t 

id) befap 

id' bcfdfK 1 

befi 15 (c) 

bcKffci! 

1 i c c n 

to lie, to bo lo- 

id) licyve. -ft, -t 

id) Ulyl 


licvi(c) 

i^flCylCU 

cate<l 

id) Idyic 1 



f i' e f n 

to sit 

id) fitj-c, -eft, -t 

id) fa]^ 

id) fvijtc j 


svfcffcn 

r ♦ riity’^cn, to hire |id' biityve 

-ft, -tj ; iinjierfeet imiieative : 

id' ^alIyl, blit hetttr : b i ii t c ; siib- 1 

iunctive like imperative : tin»^(c); i)a.st partitaple : 

ticbuiuxeii. 



be), all the 

t The verb.s with intinitives printed in italics are conjugated with 

) f i n (to 

others with bvtbcit (to have). 






1 Note the subjunctive alternative fonn wdth d. 






Note in the aboA'o verbs tlio foniKil ion of lht5 past ]){irticij)Ie witli an*! willumt the prefix 
and consider the reasons for its oiiiissitm in several cases. 


Exkrcise 1. Insert the missing reflective 
pronouns : 

3d; beet'lf ; cr bwilt' ; bu 

I hasten [iny.self] ; he hastens [himself] ; tlioii 

Jiebft ; wic rctteu ; ich fai^tc 

Invest thyself ; we save oiu'selves ; 1 .s<iid 

; (Sic facyeu : ibr fa^tct 

to myself ; you said to yourself ; you said 

; fte furd)tctfii ; 

to yourselves ; they feared ftliemsolves] ; 


id) battc .... ^cfavV; tt'ir tjattcn .... ruinirt ; 
I had .said to mystjlf ; we had ruined ourselves ; 

cc U'iirDc . . . i^ctctct Oabcii; fic mitcrl;a(t' ; 

he would liave killed himself ; she enjoys her.self ; 

n?ir imtcrbicl'tcii ; fc^dmcii (Sie ! 

we enj<»yed ourselves ; be ashamed of yourself 1 

rvijictc ! 

shave thyself ! 

Kxeuoise 2. Insert the missing numerals 
(fully written) and the declensive inflection.^. 
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^vibf ..... .ricirtcn ; cr (^vib nilt ^fnttb 

1 have 21 cards ; he gave me £261 

fitt baiJ C^abr ; ter I'cljrer miterric^'tet 

tor the year 1901 ; the teacher instructs 

^Hnabcii mit ^I>(atctK«» lufammeii 

42 boys and 57 girls, together 

.Winter. .'un ntfii?‘c^;jai^'nifc6cu .Itrie^e 

99 children. In the Russo-Japanese war 

U'urten ^clDatcn v'envun'tel — 

247,580 soldiei's were wounded — 145,437 

?W«jtcn nut isviv^ner. tiel ift .... 

Russians and 102, 152 Japanese. How much is 1 9 

imb unt . . . . ? 

and 13? 32; 14 and 9? 23. 

C^in . . mm cud) bat ^viu'iumen. 

One of you has taken it. — 
c\(aitbe nnuter ciii . . mm ten .... Scltatcn; 
T believe it was [the] one of the live soldiers ; 
er trar ter 'Whiter prei. . . Mobile, 
he was the father of two sons, (or 
with proposition): cr nmrtcr 'Ihitermm .... ^c()nc« 

Keys to Exercises in Examination 
Paper on pacjes 2 i - i ;> 

[The exercises being iiow more advanced, 
Keys arc given in each lesson to the exorcises 
set in the previous Examination I’aper.] 

Exercise 1 (a). T)cr CMrlff inciue^ (Stcdcii ift 
fcbcit; id) c\ab mein cm Rreunte teiueii (Steef; fie 
brac^ i()teUl)r; ter T^ccfcl ibrer lU)r ift ;;crbrcibcn; 
cr filler uiitfcitten u«t ntit il)r cn i^ferc'cu; id) 
pt itjrvm Vlrde; fie iliuften mit tijrcu- WUern in 
nitfer e ti (^Jartcu iint bcumiitertcn tie (3cbbn()eit intfe^e r 
iBlumcu. (^u(c)re Jvrountc unt tie *l?rutcr cu(c)fer 
J^rciinte umrcii in c n(e)r c ni (Marten unt vftiufteu cu(r)r e 
©lumen. 

(6). Cd)r jVrcuuD ift and) ter mcinc (or unfere); 
er bra(^ niebt blc^ fcinc Ubr, fontcru and) tic teinc, 
tie il)re, tic nnf(e)re, tic cu(c)re, tie i()rc unt tie 
^bte; tie 3d)uelludeit tcinee .'^cm^fteei ift ^^nmer aid 
tic terf mein c n , tcc< fein c n , ted ibr c n , tcc< unr(c)r c n , 
tc^ eu(c)r e n , te^ ibr e n , ted i,M)r c n ; fcinc I^otvic 
lief bimer ter mcinc n, tertcinen, teribren, ter 
unf(c)r e n , ter eu(c)r c n , ter it^r e n . ter 3br f « ; 
mein ^.'fert fd)lavit tvio tcinc, tad fcinc, tad ibre, 
rad eu(c)r c , tad ibr e , tad f ; tcinc ivreuntinnen 
ftnt and) tie unf(c)ren, tie ilu e n. T^ic 'liUdle 
nieined ^durmcd ift beffer aid tic 'Seite ted tcinen, 
ted fein c n , ted ibr e it , ted nnf(c)r c n , ted cn(c)r c n , 
ted ibren, ted ?'bren; id) (ilanbc teinem Sreunte 
mebr aid tern meinen, tern feinen, tern ibrcii, 
tern nnf(c)ren, tern eii(c)ren, tern ibren, tern 
'sbr e n ; cr liebt fein e n S'vcunt mebr aid ten mein c u, 
ten tcinen, ten ibren, ten nnf(e)ren, ten eu(c)rcn, 
ten ibr cn , ten i^bren, etc. 

(c) . Ter '2tcd ift mciii c r , teiu e r , feiu c r , ibr e r , 

imf(c)rcr, eii(e)rcr. ihrer, .M)rcr; tic ift 

mcinc, tflnc, etc.; tad ’ilfert ift mcined, 
tcinc d, etc. 

(d) . In.scri the .suflix -up between the po.s.sessive 
ju’onoun and il s declensive termination, wherever 
the pronoun docs not precede the substantive. 

Exercise 2 (a) : 

id) ftebc anf itb biete an idb gebe and 

tu ftcbft auf tu bictefr an tu ftibft aud 

er ftebt auf er bietet an it ^ibt aud 


mir fteben auf vtir bieten an Vnit geben and 

thr ftcl)! auf ibr bietet an ibr (tebt aud 

(ie fteben auf fte bieten an fie ^'eben aud 

i(ib ftblieftc bei icb fcblafc cin id) femme bin 

tu fd)Ucftt bei tu fd)ldfft cin tu fommft bin 

er fdilicftt bei er fd)ldft ein er fommt bin 

mir fcblicften bei wir fcblafen cin irir femmen bin 
ibr fcblieget bei i()r fd)(aft ein ibr femmt bin 

fie feblieften bei fie fcblafen ein ft« fmumen bin 

icb net)me mit icb mu 

tu nimmft mit tufdllft mn 

cr nimmt mit cr fdUt urn 

leir nebmen mit leir fallen unt 
ibr nel)mt mit ibr fallt urn 

fie nebmeu nut fie fallen urn 

(h). 3d) mrftebe, tu terftcbft, etc. ; i^ ftebe bei, 
tu ftebft bei, etc, ; id) verbictc, tu eerbieteft, etc. ; 
id) biete anf. tn bictefr anf, etc. ; icb fcblieftc and, tu 
fdiliejit and, etc. ; id) bcfd)licftc, tu befd)lieftt, etc. ; id) 
(lefalle, tu viefdllft, etc. ; id) falle auf, tu fdllftauf, etc. 

(c). ^teb' auf! ©tebet auft (Steben <$ie auft 
©icte au ! ©ietet an ! ©ieten (2ic an 1 (Mib and ! (Mebct 
aud! C>)cben ^sieand! ^^cblieff bei! (Sdilieftet bei! 
0cblie§cn Sic bei ! (Sdilaf ein ! (Sdilafct ein I fcblafen 
@ie ein ! dfimim’ bin ! .Ifommt bin ! Jlommen Sie bin! 
9Hmm’ mit! 5)kbmet mit! 'Jiebmen Sic mit! {fall 
urn! ivaKctum! ivallim Sic urn ! ©erfteb! ©erftebt! 
©erfteben 'Sic ! otel)’ bei ! <3tcbt bei! fteben (^ie bei! 
©erinet! ©erbictet I ©crbictcn ^ie ! ©icteanf! ©ietet 
anf! ©ieten <^ic anf ! 'SdUiejiaud! Sd)lief?ct and! 
^dilieften ^ie and ! ’©cfd)lieft! ©ffd)lie§et! ©Ci 
fcblicfteu £ie ! (Mefalle! (Mcfallet! CMcfallcn ^^ic ! 
Sail’ anf! {pallet auf I Sallen (3ie auf! 

Exkkcuse 3. !Der ^d>uler bat (batte) ^lelernt; ter 
i^fbrer bat (batte) tad ivenftet c^coffnet ; ter dt’unftler bat 
(batte) ein ©ilb cte^ciif)net ; tad ©hitd.tcn bat (batte) 
geldd'clt ; ber (Mdrtncr bat (batte) im (Marten iiearbeitct; 
tad '^diift ift (mar) c^efcvplt ; tic inter babeii (batten) 
iVfbicU; tie ilidtd>en fint (maren) errbtet; id) babe 
(batte) meine (?ltern iicliebt ; er bat (batte) Unfinn 
i^eretct; tu baft (batteft) cine C^uvure i^craudit ; il)r 
iiabt (bvittft) im Sluffe ^^ebabet; fic bvibcn (batten) bie 
^Hccfc vplantct ; bie -Hinber baben (bvitten) ibr (^vieli 
,^cm^ ,;;crftbrt; er bat (batte) an ber Hurc iplanfd't; 
bn baft (batteft) ben ©ater bCi^ruHt. 

Exercise 4 (a). Die ©dter, bie \*i'ffe(, bie Vlvfel, 
bie ?venfter, bie (^fel, bie ©rucer, bie Onfcl, bie ©e^cl, 
bie illciter, bie j^dben, bic ©eild)cn, bie .Udfc, bic 3dttcl. 

(5). bie ©erv^e, bie .tmnbc, tic tic Jlenntniffe, 
bie ^^irfebe, bie ©civanbtnijTe, bie ©ferbe, bie .g>aaie, 
bic ^urbijfe, tic l*abfalr, tie 9tbenbe, bic ©reife, bic 
©locfe, bie gliefie, bie ^ct)nl)e, bie SpretTe (also 
©trojfen^ bie (Mclieimniffe. 

(c). T)ic ^Iritc, bic CMdnfe, bie .^evfe, tic ©rdutc, 
tie .^dnte, tic 3di)nc, tiellimfc, tie Jydufte, tic 8ud)fc, 
tie ©riifte, tic ^triune, tie ©iftrftc, tie .llnu^e. 

id), i^ie ludier, tic !i*dutcr, tic .Winter, tic @c 
wdntcr, tic ©iciber, tic .^ranter, tic fiicter, tic Sdffer, 
tic fDdrfcr, tic ©licter, tie ©lurmcr, tic ©efvcnfter, 
tic ©iHfer. 

(c). T>ad 9loj?, tcd tWcffcd, tem ilfcfte, tad Ofoft, 
tie JHcifc, ter Oleife, ten Olcffcn, tic IHcftc; tad !^od, 
tfd Sefed, tem l!ofc, tad Ucd, tie Sofe, rcr l*cfe, ten 
8pfcn, tie Sofe ; tad $in:crnid, tcd ^internijfed, tem 
^kinterniffc, tad ^>intcrnid, tie ^interniffe, ter ^Inters 
niffc, ten J&interniiTen, tic ^iuternifte. 
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GROUP 22-DRESS AND HOUSEKEEPING • THE WOMAN AT HOME -CHAPTER 17 

Method of Making Straw Shapes. Pressing and Finishing. Net 
Shapes. Lace and Chiffon Hats. Fancy Shapes for Summer Wear. 

STRAW & FANCY HAT SHAPES 


'T'HE straw used for working ui) in hat. toque, 
^ or bonnet shapes is at the presi'iit time 
easily obtainable, and can be bought by the yard 
or the piece of 12* metres (equal to 111 yards). 
English straws are made in pieces of 12 yards, 
Italian and some of the expensive makes in 
pieces of 8 metres. 1 liagrams 84, 85, 86 show 
Bomci different kinds of straw. Although made 
straw hats or bonnets can now be bought at 
very little cost, they are more likely t(^ fit, be 
much lighter and more original in design, when 
they are worked up by hand. 

There are several diffenmt methods. The one 
in general use at yjresent by all first-class milliners 
is to work the straw over a wire shajx^ [sec page 
This method is specially suitable for 
fancy or crinoline straws f 85, 86], and is the only 
possible one for making up fancy and more 
difficult shapes. 

Make the wire shape according to the style 
desired ; if for a very fancy crinoline, lace, or a 
very open st.raw. cover it Avith net, chiffon or 
tulle, and stitch the y)lait to it. No covering 
is ncod(*d for a non-transparent stniw [84]. 
For sewing use gla/cd cotton to match the straw, 
and a straw needle. 

Pin th(^ straw round the outside edge [89], 
stretching it slightly (if a wide one) along the 
upper side, making the join where the trimming 
is likely to hide it. Wirostiteh it to the edge wire 
just below the edge of straw. If tlu' straw is 
over I in. wide, cut it through and interlace the 
ends, keeping them in place by a few stitches. 
Some; straws can be so joined as to be hardly 
visible. 

When using narrow straAV do not cut each 
round, but continue one into the next. 

Notice whether the shape has a eurved-np brim 
like the Napoleon shape or a drooping one like 
the mushroom. For the first, the plait is sewn 
on rather tightly, with the right side of straw 
underneath. The stitches are seen on the wrong 
side inside the brim. 

For drooping brims, the right side of the straw 
is on the outside of the brim. The stitches will 
show underneath the brim. 

Pin on the second row, and sew it to the lirst, 
using the straw stitch, keeping the long stitch 
on the wrong side, and slanting the little stitch 
back ihe way of the plaiting of the straw, which 
will prevent it being visible on the right side. 

Continue pinning and stretching each row 
along the outer edge, and slightly contracting 
the inner edge of the previous row till the brim is 
covered. Hat brims wider in front and sides 
[83] will require gussets — that is, extra rows 
of straw inserted across the wider parts. Some 
brims may have three rows of straw at back and 
Eve or six along sides and fronts. 


For the crown, start from centre of tip, 
kc'cping the straw exactly' to shape [38]. Bind 
the end of the straw with cotton, turn it under, and 
sew the straw round and round from the inner 
edge, manip\ilating it with the left band, and 
easing it sufficiently to allow it to Ho flat. In 
wide straws this is a little troublesome at first, 
but it ii; a difficulty which is soon mastered. 
Each straw is stitched underneath the last one, 
the fancy edge always showing outside. Be 
earc‘ful not to get a fluted tip, which happens 
when the straw is “ eased " loo much. If 
stretched too tightly, the croAAm will l)ulge. 

If the straw (‘an be pressed, do not sew it to 
the wire, but make it separately ; press it, and tlum 
sew it to the crown. Finish off the brim with 
another edge of straw along the outside edge, 
and in the ease of some toepje shapes line the 
inside brim for two or three rows, or all over. 
In this ease, do not take the stitches ihn^ugh the 
outside, but slipstiteh the straw to the wrong 
side of brim. The lip must be pressed before the 
sideband is begun unless it is a dome crown, when 
it is finished entirely, and afterwards pressed. 
When the tip is the right size, bend the plait 
in half ; this forms the turnover for sideband ; 
the half -width turned over will be the first row 
of it [87J. 

Sidebands. For straight sidebands, each 
row is simply stitched to the next in a straight 
line. If larger at the top than at the base, tighten 
each row of the straw towards the headline. 

For sidebands larger at the base than at top 
ease on each row of straw towards the headline^. 

It is usual to make the crown and brim 
separately in ibis method of straw- working. 
By working the straw over a wire shape as the 
foundation it can he sewn in all kinds of fancy 
w%%ys, and two or more different colours of straw 
used. 

The curved-up brims of tcKjuos can be trimmed 
with leaves of straAv [90], rounds of straw, lace 
insertion, or lace medallions edged with straw, 
and various other variations which would not 
be possible if a wire foundation were not used. 

It is possible to work straw without a wire 
foundation, but this is only suitable for very 
firm makes [84J. Insert a wire the size of head- 
line plus 2 in. (for very brittle straw sew it on), 
on the top inner edge of straw. Bend it so 
that the outer edgt; of plait lies flat on the 
table, and join as securely and neatly as possible, 
the wire edge making hemline, and the flat edge 
the row of brim. 

Some hat brims are wider in the front than the 
back, the extra width being obtaiiicd by gussets, 
w hich should be next sewn on. Mark the cent re- 
front of the headline, keeping the join for cent re - 
back ; pin on a piece also with a wire inserted 
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in the inner edge, graduating it to the sides. 
Repeat till the extra width is obtained. Then 
insert the wire, keeping it in one length, running 
it invisibly between the straw edges. Begin 
from the back, pinning and stitching it on to 
the gussets till the right size of brim is obtained. 

Ease on the straw for fluted and crinkled brims ; 
contract it for tumed-up and for drooping brims. 
For flat brims, ease on the straw just sufficiently 
to allow each row to lie flat. Make the crown 
in the same way as before ; the wire is not 
int:^rlaccd in the edge of straw unless it be for 
a very large flat crown, and in a few other 
exceptional cases. 

Straws used to be made up over another hat 
brim of straw or buckram. If this method is 
required, pin the straw on to the shape, beginning 
from the outside edge. The straws may then be 
sown together. 

Firm, hard straws can be made entirely by 
hand, starting from the headline, one or two 
gussets inserted, and hat or toque finished off 
as explained. It must be wired round the 
edge. Four support wires laced in and out the 
straw are then inserted, leaving one end about 
an inch in hat and the other securely nipped 
round the outside edge. Finish with a row 
of straw to cover the edge wire, or line with a 
gauged chiffon, lace, or velvet lining, finishing the 
edge with the straw if desired. 

Pressing. Only plain straw can be sub- 
jected to the process of pressing, as raised fancy 
edges would be quite flattened and spoiled. 
At the present time very few straws can 1x5 
pressed. It is done in this way. Place the 
brim flat on the table, right side downwards, 
on an ironing blanket and cloth. Place a damp 
cloth over it, and press with a warm iron. 
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|3. Strew brim 84, 86. and 86. Three kinds of strew 
87. Shaping the sideband 88. The tip 89. Covering 
wire Bhapft 90. Straw t^ue 91. Net shape 


When nearly dry, remove the cloth, and finish 
drying it by placing the iron lightly over it. 
Some plaits are more stiffened than, others, so 
discretion must be used as to the degree of damp- 
ness needed. Moisture will ma& the brim 
quite stiff and flat. Very limp strands are some- 
times brushed over with gum arabic or white of 
egg- 

Curved fancy shaped crowns are best ironed 
os the work is proceeding, as it is difficult 
to get the iron in the smkll curve when the 
shape is completed. Oval and dipped crowns 
of the boat-shape type are started with a piece 
of straw about 2 in. long, and the straw worked 
round it. Press it as soon as the dip is formed — 
it is impossible to get the iron in after the crown 
is finished. [92.] 

Bonnots are made on exactly the same principle 
[94]. The front is worked first, leaving a piece 
of straw at one ear long enough to finish the 
back off neatly when the other part of the bonnet 
is finished. Cut off each straw at the back. 
The end of the straw left at the ear will finish it 
neatly. Make the crown separately, and sew 
it on. 

Net Shapes. Hat shapes made in un- 
glazed, French stiff net [91] are used for the 
foundation of chiffon, silk, linen, broderie 
anglaise, and mourning millinery. The glazx'd 
kind of net is not worth making up, os it loses 
its stiffness directly, leaving the net limp. 

Cut the pattern in the same way as for an 
espatra shape, with the only difference that 
J-in. turnings are allowed on all the parts. Wire 
in the same manner, sowing the wire inside 
the turning along the edge of brim, and at the 
top of sideband. The turnings should bo at the 
bottom of sideband. The J-in, turnings of 
tip come over the top edge of sideband, where 
they should be seinired firmly just under the 
wire. Barge shapes in not hats will require 
a second round wire, and some supports to keep 
the brim in shape. The supports are mulled or 
covered with narrow sarcenet ribbon. As few of 
these as possible should l)e used, as the wire is 
likely to show' through the transparent trimmings. 
Mull all the edges in the same way as for espatra 
shapes. 

Another method much used by good milliners 
is to make the w^iro shape and cover it with net 
cut to shape. Bonnet and toque brims are 
sometimes made of not, shaped and curved by 
pleating and easing the net, and afterwards 
wired. 

For a lai’e hat make the wire shape and 
cover it with a single or double thickness 
of tulle or chiffon. Stretch the lace across 
the brim, with the front on the cross. Pin round 
headline and edge. Cut the lace round the 
brim and crown, and allow small turnings. 
Wirestitch it to the headline and edge wire. 
Cover the tip in the same way. 

Fit the lace round the sideband quite smoothly. 
Mateh the pattern, if possible, where the lace has 
to be joined. Quantity of lace required will 
be the diameter of the widest part of the brim, 
plus } yd. for large crowns. 

If both the upper and under brim are covered 
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with lace, twice the diameter plus J yd. to f yd. 
for crown — according to size — will determine the 
quantity needed. Guipure, and Irish lace look 
well with the edge of brim bound with velvet 
or fur ; or the upper brim and erowm can bo 
trimmed with medallions of lace edged with 
narrow Valenciennes or ni(;hings of pleated tulle. 

Picture hats are usually large hats of the 
Gainsborough, Rembrandt, or Amazon ty|x^, w'ith 
tam-o’-shanter, low^ high, or jam-pot shaped 
crowns. They are made of lace, net, tulle, chi (Ton 
[93], crinoline, or velvet. All but those to be 
covered with velvet!, which have an espatra 
foundation, have their foundation shape, made 
of wire, covered with net, chiffon, or tulle. 
Occasionally the whole shape is covered with 
tulle quilling.s. Handsome feathers are their 
chief trimming, and they are worn with or 
without tulle strings. 

Picture Hats. For chiffon hats make a 
wire shape, and cover it with one or two thi<^k- 
nesses of chiffon. Mull the edge and bind with 
velvet or double chiffon. Cut the chiffon into 
2.J-in. strips on the cross, and join ; or use the 
chiffon double, and run the edges togothor. Sew 
the first chiffon fold even with the brim, and 
let the next rows overlap nearly half-way. 

For the sideband, work from headline up- 
wards. Cover the top of (Town, starting from 
the outside edge, and working round and round 
to the centre. 

T.rfice m(Hlallions, or motifs, make a pretty 
finish, and an e(Tu shade of lac(^ on a black hat 
relievos what may otherwise l.>e unbecoming. 

Hows of transparent lace, fancy chenille or 
crinoline inserted between the folds look well. 

For fancy chiffon hats, make a wire shape, and 
covcT it with double chiffon, (^over it plainly 
with printed or embroidered chiffon of a small 
simple pattern, such as bunches of pink roses 
on a white ground. Line the under brim plainly 
or with gauged chiffon. Kdgo it with narrow 
Valenciennc^s, ancf sew another row half an inch 
from edge underneath. (?ut out the upper brim 
again, allowing I in. turning. Make a narrow 
hem round the edge, on which should l)e sewn 
narrow black, white, or (>cru Valenciennes lace. 

Make a large round to cover the crown, 
hem round and cdg(^ with narrow Valenciennes 
lace. Sew in a bandeau. 'IVim the hat with soft 
Batin ribbon, making a bow at the side, and 
another on the bandeau. For this hat, J yd. 
of don hie- width printed chiffon, 1*2 yd. narrow 
Valenciennes lace, yd. of 7-in. wide satin 
ribbon are required. 

Motor Hats. For motoring, shapes can U' 
made with a round brim, or a peak in front, of 
the mushroom shape, with eight -gored (Touti. 
Where stiff neas is required for the interlining of 
brim, peak, or band for headline, use firm canvas 
or double stiff net. Wire as for shape-making. 
Interline the crown with canvas or quilted linen. 

Linen hats are made of double stiff net, 
cut to shape, and wired round the edge and 
once in centre brim. Cover top and bottom 
of brim with linen, tack and machine -stitch 
round edge once or thrice. Finish crown in the 
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.same way and trim plainly with a niching mtidt* 
of ribbon or cross way silk, or any other simple 
trimming that may be prcf<.Trod. 

Fancy Shapes. Gard(Ti party, river hats, 
I'tc., are made of light mat(?rial and fancifully 
trimmed. They have a wire foundation covered 
with two thicknesses of tulle or Riussels net. 
The edge c^f the brim is covered with vi'lvet 
or ((Hillings of lace. The shape may lx? coveivd 
with narrow Valenciennes lace ((‘ased while lieing 
sewn on), petals of ftow(*rs, mc(lalli(ms of lace, 
broderie anglais(‘ (xlgct^ with narrow Valenciennes 
lace, or net, or tulle quillings. The brim betw'(‘cn 
the medalbons may be covered with lace or lim* 
crinolin(‘. straw. Ninon silk muslin, aticordioii- 
pleatcd silk may hot used, or batiste, edged with 
lace, baby ribbon, or narrow straw' ; and there 
are still an infinite variety of other mf'tluxls of 
treatment. I’hese hats must bo lightly trimmed. 

Drawn silk bonnets may ho niJide of taffetas 
velours silk, net, ebiffon, or ebiffon velours. 
First obtain a pattern shape to work ov(m\ 
Put the support wires on the shape, turning 
them over the edge to keep them in position. 
Fix firmly where they cross each other. 
cut the material for bonnet, measure length 
from ear to ear, and allow twi('c or throe limes 
os much for fulne.ss. Then measure width from 
centre-front of brim to centre of crown, allowing 
i in. extra for each casing. Mark c<‘ntrc-front, 
and run a casing for outside (*dg(\ Decide the 
po.sition of rouncl wires, and run casings to cor- 
rcsjiond, measuring distance at centre-front and 
at (jars, also at an intermediate distance if 
necessary. Push in the wires, making the out- 
.‘^ide wire long enough to go round tluj back and 
wrap over two inches. Pin not or silk on shap(\ 
(jentre-front to centre-front, the silk to reach 
the ears only. Fix outsidcj wire round back. 
Draw up each casing in turn to n^piircd size, 
and fix wires to outside w'ire. Regulate the 
fulness care fully and secure threads. Nip each 
support wire in turn over the outside wire ; when 
the last on(» is thus fixed, the pattern shape will 
come friHjly away. Fix the round wires to 
support wires, and tie them firmly and in- 
visibly wluTevcr they e.ross. Cut away any 
sui-htIIuous silk in centre of crown, turn it in, 
and finish the crown off neatly. Bind the back 
of the bonnet with a piece of silk, velvet, or 
net, and trim it with velvet, flowers, passemen- 
terie, tips, or any light trimming. 
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Wire Rods and Wire-drawing. Making Pins and Needles. Coiling and 
Weaving Wire. Wire Ropes and their Manufacture. Wire Netting. 

WIRE AND WIRE WORK 


E manufacture and working of wire embrace a 
group of industries the processes in which are 
seldom described in popular books. This neglect 
of the wire trades is rather surprising in view 
of the importance of these trades. The wire- 
making inclustry is one of the foundations of our 
civilisation, and the low cost to which mechanic 
skill has succeeded in bringing articles of wire 
enables such articles to be the proi>erty of the many. 
The ordinary pin is turned out at the sur[>ri8ingly 
low price of something like one i^enny f)er thousand, 
and each pin has to undergo many operations, 
'riie domestic sewing needle is as fine an example 
of the result of highly developed manufacturing 
skill as any trade has to offer, and its low price is a 
surprise to those unfamiliar with its manufacture. 
(Warding wire is an e.ssential in the textile trades, 
coal and other minerals are raised from the mines 
by wire ropes, without which the cost of mining 
would bo greatly increased, wire fish-hooks are a 
necessity to the fishing industry, the modern watch 
would be impossible without springs of flattened steel 
wire, wire torpedo nets guard our battleships from 
hostile attack, and finally wire guns are the weapons 
of offence used in our Navy and coast defence 
stations. 1'hese few instances of the u.scs of wire 
may servo to illustrate its importance to the com- 
munity, and we may proceed to describe its manu- 
facture and employment. 

Iron and Steel Wire. The iiroccsscs 
through which the material has to pass before 
finally emerging as wire demand that good iron 
and steel should be used for the purpo.se. Puddled 
iron and charcoal iron [see page fioO] are used. 
High qualities of wire, including music wire, 
are made from Swedish iron, which is a special 
quality of chtircoal iron. Steel used in wire manu- 
facture must be free from both phosphorus and 
sulphur, or the result w'ill be very poor wire. Only 
steel can he employed in making articles w'hich are 
to be tempered. From Mr, Bucknall Smith’s 
“ Wire : Its M uiiifacture and Uses ” we extract 
a table showing the average breaking strains of 
wires made from di/rcreiit classes of iron and steel. 


I’ans |)er 
sq. in. of 
Section. 

Black or annealed iron wire . . . . 25 

Bright hard-drawn iron wire . . . . 35 

Be.sserner steel wire . . . . . . 40 

Mild Siemens-Martin steel wife . . . . 00 

High carbon Siemens-Martin steel wire 

(or “ improved ”) . . . . . . 00 

Crucible cast steel improved wire . . 100 

“Improved” cast steel “plough".. 100 


Sfiecial qualities of teniyiered and im- 
proved cast steel wire may attain .. 150-170 

The^ drawers of wire purchase their material 
cither in the form of billets or of wire rods. In 
cither ca.se they specify quality according to the 
purpose to which the wire has to be put. If 
they purchase in billets they must roll them into 
rods. A “ billet ” is an ingot of iron or steel 


usually of somewhat irregular shape in section, but 
approximating to square and weighing between 
80 lb. and 200 lb. These billets are pas.sed, when hot, 
through rolling mills and emerge as “ wire rod.s.” 
These rods are really coils of wire from 200 ft. to 
600 ft. long, the length differing with the .size of the 
original billet and with the diameter to which rolling 
has reduced it. 

■ Rolling Wire Rods. Productive economy 
makes it desirable that the rods sKould bo rolled 
in one heat, as the necessity of reheating when the 
rolling is partly accomplislied adds to the cost 
materially. Rolling is i>erformod in a series of 
machines usually called a “ train.” Wc may 
dc.scribe them as a number of large mangles with iron 
rollers provided with grooves around their peri- 
pheries. There are two rollers in each machine and 
l)oth rollers are grooved alike. Some mills have 
three rollers, hut for the sake of lucidity wo may 
discard this consideration. The grooves are not all 
semicircular in shape. They may bo diamond sha])ed 
or oval as .well. The sha^ic is varied, because 
the practice “ w'orks ” the material into a uniform 
mass, increasing both its tenacity and ductility. 
The pairs of rollers have grooves which in size are in 
a descending scale. The red-hot billet passes tlirough 
lh(‘ largest grooves — say round — then through 
rollers with grooves a little smaller — .say of diamond 
sh:»])e — llu'ii through others still smaller with oval 
grooves, and so on through the entire series, the 
sha])e of the section varying and the size of the 
section deiTcasing throughout the cycle. Then, 
after i)erhaps ten or twelve different " passes ” 
through rolls, the rod is of the desired diarnotcr, and 
as it leaves the last pair of rollers it is wound, still 
hoi, on drums which make it into coils. Such in 
bare outline is the history of the “ billet ” during its 
transformation into the coil of thick wire known as 
a “wire rod.” 

A'arious followers of the process <1cs ribed 
have introduced modittCations, chiefly in the direc- 
tion of automatic mechanisms for handling the rod 
as it passes from one pair of rollers to another, 
but the essential principle in all is as wo have 
dcscril>cd it. The rollers, of course, are “ live 
rollers ” — that is to say, they are driven by ^>ow'cr 
from an engine, .so that they pull through* the rod 
under treatment. Also the rollers have a speed of 
revolution that increases as their grooves decrease 
in size. This higher speed is to comfiensato for the 
greater kuiglh of the rod as it is drawTi out by 
rollers with smaller and smaller grooves. Some 
rolling mills are arranged so that several rods can 
be made to pass through at one time, several pairs 
of grooves being provided on each pair of rollers. 
This Ls the highest point in productive economy. 
After rolling, the rods are cleaned in a tank con- 
taining a diluted solution of muriatic or sulphuric 
acid, are put into lime-water and are finally dried 
in an oven. They arc then ready for the drawing mill. 

Cold Drawing, The rolling is over and has 
given us the rods ” or coils usually of No. 6 

or No. 6 gauge, the former just over and the latter 
just under one-fifth of an inch in diameter. The 
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lengths of the rods are from 200 yards to 000 yards 
long, according to the weight of the billet from 
which they have been made. The rods were made 
hot; they ^are drawn into wire cold. The wire 
may be one of many shapes — oval, flat, round, 
square, or U-shaped, according to the shape of the 
dies through which it is passed. The draw-plate 
is merely a piece of hard steel with hoTes of 
fliflerent sizes through which the wire is drawn 
successively, each hole through which it is taken 
being smaller than the preceding one. The luiinhor 
of holes through whiqh the wire is drawn de|:)end.s 
upon, the reduction in diameter re(piircd. The liner 
the wii’e is to be, the greater is the reduction and 
the more numerous the pusses through the draw- 
plate. "the plates are given to wear, the strain 
lO which they arc subject in use being very great, 
and when the holes have become enlarged by use 
the plates are heated, hammered, and the holes 
re punched and made accurate. "I'he end of the 
thick wire or “rod” is hammered to a ])oint, making 
an inch or two at the extremity thinner than the 
body, and able to bo }»ut through one of tlie holes 
in the draw-plate. 

The Drawing Mill. The wire-drawing mill 
[1] is a bencli muiintod with a series of “ blocks” 
or pulleys from 12 in. to 30 in. duouetor, turning 
on vortical centres and with a draw plate and i)incrrs 
to each pulley. 'J'lie end of the rod, where it has 
l)eeu made thinner in the manner slated, is put 
t lirough the selected liolo In (he draw-plate, and placed 
in the jaws of tlie pincers, which are attached to a 
bar. A cam attached to the drum spindle is made 
to operate, and it pulls or presses the bar and pincers 
away from tlie draw-plate, thereby drawing a 
little of the wire, enough to make a revolution of the 
<lrum to which it is made fast. 'I'lieii lh(; drum 
itself is put in motion, and tlio wire is drawn through 
the die or draw-plate as rapidly as the drum is 
made to revolve. The speed which can be maintained 
in working depends upon the amount of attenuation 
being given ami upon the mat(*rial. 

Lubricant. 'I’he work of drawing is made 
inore ea.sy by the use of a lubricant. For thick 
gange.s the lubricant is usually of paste consistency - 
a heavy grease ; but for gauges below 20 a thin 
lubricant such as soapy water is employed. The 
lubricant not only faeilitates the actual work of 
drawing through the plates, but it also, if wisely 
chosen, loave.s a thin film of grea.ye, which prevents 
oxidation. 

Manufacturers use various lubricants in wire 
drawing, and each manufacturer is a law to himsedf 
in the matter. For fine drawing, a lubricant made 
of sour beer yeast and olive oil is sometiiiie.s used. 
It is claimed for a mixture of lard and .sulphuric acid 
thinned with water that its use saves a good deal 
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of the annealing otherwise necessaiy in the various 
stiiges of drawing. A hot solution of lime and salt 
is used by some makers when drawing steel wire. 
This praetico is said to save wear U})on the inner 
surface of the die. 

Annealing. With the repeated drawing the 
wire becomes hard, and it is necessary, ])erha]>3 
several times during the sequence of the drawing 
t)poraliona, to anneal the coils. Wire reduced to 
a* fine gauge may have been annealed about six 
tiinc,s during it.*s progre.ss from the wire rod. 8omc 
makers, before aniuMling iron and steel wire, 
immerse it in a thick cream made with chloride of 
lime and water. This gives it a protecting coat, 
which prevents tlic formation of scale during 
annealing, and which is afterwards removed by 
w.ishing in clean water. The annealing ovens are 
air-tight iron chambers (*apabl(* of holding from two 
to Ihree tons of wire coiks. They are charged and 
clo.seil. "riien they arc heated up to COO’ F. or 
700 ’F. "Fhe duration of the heat depends u]K)u 
the gauge of (ho work in hand anil upon the 
quantity in the chamber. When it is considered 
tliat the heat has bcim maintained long iMiough, 
the. furnace is allowed to cool slowly. \Vhcn cool, 
the wire is withdrawn and “ pickled ” in acid 
solution as after rolling, and before tlie work of 
drawing proceeds again, another immiasion in 
lime water is given. 'rhen the work goes ahead 
as before, to return to the annealing chamber 
should it be necessary. Finally, we have the wire 
drawn to its final slwjpe, and it is ready for tlie 
market or for one of the many indn.stries iu which 
win* i.s ujsed. 

Continuous Drawing. Continmnis wire- 
drawing [2) hascomc into extensive use during recent 
years, and is economical. In machines for continu- 
ous dniwing the w ire is not wound on a bloi*k, as in 
ordinary wire-drawing, already dcs(!ril)ed, but i« 
pulled through one die, wound two or tliree times 
round a block, then ]>assing through another die, 
round uiioihcr block, and so on until the ultimate 
desired gauge is attained. The circumferential 
.M])ecds are varied to compensate for the elongi(ioi» 
of the wire as it passes through the ilie.s. .Metals 
that require frequent annealing during the ]M‘oce.ss 
of drawing arc limited in the number of dies llirougli 
which they can pa.sH jit mio time. Thus, in drawing 
iron, steel, and bras.s wire, the saving in working 
with continuous machines is much le.ss than it is 
with a metal like eop])or, wliieli can usually be 
drawn to its ultimate gauge witliout annealing. 

Our illiLstratioii |2j shows the wire reel, which is 
being drawn down through the. several dies, mounted 
iu a tub eontainiug weak acid. Thi.s practice is 
freijuently followed, and removes any acid that 
may have been given to the surface of the wire 
during the proee.s.s ol annealing. 'I'he drawing 
drums may vary in diameter from 10 in. to 32 in. 
and may revolve at a eireumferontial speed of from 
300 ft. to 400 ft. per minute. Steel wire, iiowevor, 
mii.st be drawn at a slower speed, to obviaf-e risk of 
breakage. Soft iron w ire and copper wire may be 
draw'll at the rate of 500 ft. ])er minute, or even mOi’c. 

Fine Drawing. When, fur special piirpo.ses, 
such as watch -R])iings, fineness and absolute 
accuracy arc demanded, the stod draw-plate is 
discarded and precious sloue.s drilled to the required 
size, are used for the final drawing. The ruby is the 
usual stone employed, although diamonds and 
sapphires are uFo used. A silver wire 170 miles long 
and '003 in. diameter has been drawn througli 
a hole in a ruby, and upon micrometer measurement 
it wa.s found that the size toward.s the end of the 
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coil was exactly the same as at 
the bej'inninj'. A liolc in a steel 
plate would have shown signs 
of appreeifiblt3 W’Tar with one- 
tenth of the work. When the 
ruby or other gem is used, it is 
mounted in a metal plate, .and 
for Hat w'{>rk, siieh as the hair- 
spring of a w a tell, t he liole must 
be of reetangular aperture. 

Wire Gauges. The quest ion 
of wire? gauges is a vexed question, 
into the details of which we do 
not intend to enter. For very 
many years there w'as no uni- 
formity ill the wire gauges, and 
this led to much confusion and 
to many mistakes. K very maker 
almost was a law unto himself, 
and during the greater part of 
last century there were over forty 
different wire gauges used in this 
eoiiiitry alone. This stale of 
matters was retiUHlied in 1H84, 
when the Boar<l tif 'J’rade, after 
deputations fioui wire iiianu- 
factiirers and eonsultations with 
them, inaugurated and made the 
legal standard of wire measurement in this country tho 
“ imperial vStandard Wire (laugi*, * vvhieh is usually 
d<‘signaletl by the letters, “S.W.CJ.’ Yet some of 
the tlisearded gauges still linger in practiee, notably 
the “ Birmingham Wire CJauge.” We ajipend a table 
givingthe Imperial wire gauge, the Binuingham wire 
gauge, and the ecpiivaleni sizes in de<‘iinals of an 
inch, and in millimotres. 'Hhe Krem h andderman 
practice is to reckon wire by millimetre sizes. 


IMPEKIAL 

STAXDAlMi AND BIRMINOUAM 

WIRE (lAl.OES 

Imperial 

Wire-gauge 

Birmingham 

Wire-gauge 

11 

Is 

■®bI I 

1 

SQa 

w a 1 

Imperial 

Wire-gauge 

Birmingham 

Wire-gauge 

<0 

a ja 

V o 

•g .9 

l| 

Equivalent 

Diam. 

Millimetres 

7/0 


•500 

12-699 ' 

14 


•080 

2032 

6/0 

— 

•464 

11-785 : 

15 

15 

•072 

1-828 



0000 

•454 

11-531 ! 

— 

16 

•065 

1-650 

5/0 



•432 

10-972 i 

16 

— 

•064 

1-625 


000 

•42.S 

10-794 : 


17 

•058 

1-472 

0000* 


•400 

10-159 


— 

•056 

1-421 



00 

•380 

9-651 : 


18 

•049 

1-244 

000 

— 

•37ii 

0-448 ■ 

18 


•048 

1-218 

00 


•348 

8-839 , 

— 

19 

•042 

1066 


0 

•340 

8-635 ; 

19 


•040 

1-016 

0 


•324 

6-229 1 

20 

— 

•036 

•9140 

1 

1 

•300 

7-620 ' 



20 

•035 

•8886 


2 

•284 

7-213 

21 

21 

•032 

•8124 

2 


•276 

7010 

— 


•030 

•7617 


3 

•269 

6-578 

22 


•028 

•7109 

3 


•262 

6-400 

— 

23 

•025 

•6347 


4 

'238 

6-945 

23 


■024 

•6093 

4 


•232 

5-892 

24 

24 

•022 

•5585 



5 

•220 

1 5-588 

25 

25 

•020 

•5078 

5 


■212 

5-384 

28 

26 

•018 

•4570 


6 

•203 

1 6156 

27 

27 

•016 

•4062 

G 


•192 1 

1 4-876 

28 

28 

•014 

•3665 


7 

•180 

4-571 

29 

29 

•013 

•3300 

7 


•176 

4-470 

30 

30 

•012 

•3046 


8 

•165 

4191 

31 


•Oil 

•2800 

0 


•160 

4064 

32 

..... 

•0108 

•2743 


9 

•148 

3-759 

33 

31 

•010 

•2539 

9 


•144 

3-657 

34 

32 

•009 

•2300 


10 

•134 

3-403 

36 

33 

•008 

•2031 

10 


•128 

3-2&1 

36 

34 

•007 

•1777 


11 

•120 

3047 

37 

..... 

-0068 

•1727 

U 


•116 

2-946 

38 


•006 

•1523 


12 

•109 

2-768 

39 

35 

•005 

•1269 



•104 

2-641 

1 40 


•0048 

•1219 



13 

•095 

2-412 


... 

•0044 

•1118 

13 

14 

•092 

•083 

2 336 
2108 

42 

36 

•004 

•1015 


2242 


Drawing Properties of Various 
Metals. The drawing (pialities of metals are dm* 
to their dne.tility and tenacity. Ductility is the 
ea])acity of changing molecular form, and tenacilv 
is the }K)W(‘r of resisting separation. When 
these (jnalitics are high and arii combined in a 
metal, that metal ])oss(‘ss(*s excellent drawing 
properties. ]Mosl metals arc ca])able of bring 
drawn iutii wire, althongli some — as, for instance, 
antimony — are brittle and useless for want of 
tenacify. (toUi is the most diu tile of the ordinary 
metals, and it is followetl by silver, ]>latinum, iron, 
(aqqicr, zinc, tin, and lead in the order named. 
Steel, again, is the most tonaeious of the. melals, 
and is followed by iron, copper, ])latiniiin, silver, 
gold, zinc, tin, and lead in tho respective order. 

Metals are sometimes drawn in eomhinalion. 
Steel wire of large gaug(', aft»*r c'leaning in a. soli»- 
tion of sulphuric or muriatic Jicid, may he given a 
coiling of co])pcr by immersion in a .solution of 
sulphate of copper. If tlie eopper-eoated wire be 
then put through the draw-plate, it may 1 m* drawn 
very tine, the copper remaining unbroken, but 
attenuated. Silver-gilt wire is made in the same 
way. The coating of gold upon a silver bar or rotl 
may be less than one-tlionsandth ])art of the latter, 
but drawing this out to hair thickness still leaves 
an unbroken coating of gold upon the cheaper 
met.il. 

Telegraph Wire. Both iron and steel wire 
are used for telcgra]>h purposes. For lengthy spans, 
and where great tensile strength is necessary, steel 
wire is preferred, but wire made from Swedish 
charcoal iron is used for ordinary w^ork. The wire 
is generally galvanised [see flalvani-iug. ] The 
qualities demanded in wire for leli^grajih piirpose.s 
are ductility in a high degree and freedom from 
Haw's and iiiijiuritios. Phosphorus and manganese 
im]M\ir electrical conductivity, hence wire for tcle- 
raph purpeses should be free from these impurities, 
t is considered, how^over, that carbon and silicon 
have no inlluence upon electrical conductivity. 
Government ^tep^i'tinenls and railway companies 
have rigid specifieation.s stipulating tJie size, w'eight, 
electrical re-sistanee, the minimum number of 
twists in the strand^ and s|»ecific tests for strength 
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and ductility of wire to be naed for telegraph 
purpo.se.s. ' 

For covered telegraph and telephone work, a 
wire of silicon bronze is much used. Thin allov is 
found to be very high in electrical conductivity. 
Here are two analyses of sucli wire : 


I’elephoiio Wire. 

Telenraidi Wire. 

Copjitn* . . \)i)*94 per cent. 

Tin .. .. -03 

Silieuii . . -02 ,f 

Iron . . trace* 

(’opIMjr . . 97*12 per oeut. 
Tin.. .. lu 

Silicon .. •o.'i „ 

Zinc.. .. 102 „ 

Iron . . . . trace 


‘205 per cent.; 8iili)hur up to *017 per cent. ; phos- 
phorus from 004 per cent, to *018 per cent., and 
manganese ■ from *120 per cent, to *425 per cent. 
Physical properties of the wires tested were 
follovv.s in three samples upon W’hich experiments 
were mmle. 

Diaiiuitcrs. Olu in. i UJd in. [ O’liJ in. 

Torsion or turns III (! in.. . ! <>0 10 70 .‘iO to 40 00 to 70 

Ultiiimtc tensile strength , 400 llj. 10. 34o lit 

10<|iiivalent tension ]n>r | 

inch of section 142 tons I 140 tons! 141 tons 


Music AViie (hnuie. 

liininoters in iin hes 
Xeurest size in Im- 
perial VV ire (Saline 


Feiiciii 


Fencing Wire. Hoth plain and strand wii 
are largely used for fencing, the latter having pi< 
forence in this country. 

Where large tracts have to 
bo enclosed and cheapness is 
a consideration, (dica}) iron 
or steel wire (usually No. S 
S.W.O.) black varnished is 
used. A coil contains between 
600 and <100 yards, and weighs 1 cwt. 
of strand wire is usually galvani.scd. 

jftarb Wire. Ilarh wire fur fencing owe.s its 
origin to America. It might w'ith justice' be called 
“barbarous ’ wire. Tl no 
doubt lills a practical pur)U)!-o 
in times of both jieaco and 
w'ar, and the (quantity manu- 
factured i.s very great. It is 
usually galvanised after having 
been made. 

'IVo wires, generally of 12 or 14 
standard wire gauge, arc twisted 
together, and tlie barbs (short 
pieces cut obliciuely at both ends 
and wrap) led twice round the 
main strand with their ends pro- 
jecting) may be *' ojien-set — 
that i.s, be alioiit 0 in. apart, or 
*’ thick - sot *’ that is, be from 
'A in. to 4 in. apart. It may bo 
“ two-point,” or '* four-point,” 
which mean that the barbs may 
be single, ])iesenting two points 
only, or they may be double 
when there are four points of 
danger for the uiiwarv every few 
inehc.s. Harb wire contains from 535 lb. to lU) lb. 
to the mile. 

There are a few other varieties of barb wire; in 
one, a strip of scrnited hoop iron is enelosed in the 
strand, and Jii another a plain single-slrniid wire 
of oval section has its edg<\s cut obliiiuely, the spikes 
made thereby being raised so as to oiler otleiiee to 
the intruder; but the pattern to which we have 
already made reference is made in overwhelming 
proportion. 

Piano Wire. 3 'he piano manufae.turing trade 
is a large consumer of steel wire. The great and 
constant strain to which steti wire is subject wiieii 
strung in a piano demands a quality of wire capable 
of resisting this tensile strain without breaking 
and without elongation. The total tension upon the 
wires of a grand piano ap))roachos 20 tons. The 
strain \i|)on one wire in a piano is as great as if the 
writer, or the reader — unless he be abnormally 
lieavy — were suspended from it. The carbon in steel 
used for piano wire ranges, accorcifng to Mr. Buck- 
nail Smith in SfKieial tests made by him iqioii 
samples from various makers, from *570 per cent, to 
•740 per cent. ; silicon from *032 per cent, to 


The iiUKsie wire gauge diflcrs from the “rmperial 
stinrlard” (S.VV.O.) wire g.mgc. It is iis follows: 
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Steel piano wan must be iiardened, and Ihi.s is 
usually (lone before the wire goes through the last 
drawing ojicration. The procedure 
is as follow's: ''Die wore is first 
heated in the ordinary way to red 
heat, and them allowed to cool, 
rhen it is jilaced in a iia'tal bath 
made of 40 p(‘rcent. lead, 12 ( or cent. 

2() })er cent, antimony, 21 j or 
cent, tin, and 1 per cent, bismuth. 
Tin’s mi'tal bath i.s heated ahovj! 
melting point, and the wire 
must remain in it until it has 
attained tlie .same temperature 
as the metal, whieli, of course, 
is longer with thick wire than 
with thin wire. It is then 
taken out, and w'ater is 
sprinkled over it. This proces.s 
his di.scolouird it, and by 
giving it on* more drawing, it 
is made bright again. If it 
need not be briglit, tli(*n the 
hardening may be done after 
tlic^ last (Irawing. 

There are other purpo.ses for 
which win's of exceptional 
stivngth are required notably for cranes, marine 
hawsers, mining, and bridges. W’e have seen a 
weight of 1 ton suspended from a .steel wire of 
No. 8 gauge, to he used for deep-sea sounding. 

Gold and Silver Wire. Child w ire is now 
seldom used. Its place is taken by .silver-gilt w ire. 
The gold i.s put on to the silver rod in the form 
of leaf, a piece of which 4.1 in. aipiare we igh.s about 
18 grains. 4die gilded rod is then drawn out 
through steel dies, aud, as it gets down to the liner 
gauges, through dies madv^. from gems — diamonds, 
rubie.s, (3r sapphire.s. Tiio amount of gold put on the 
silver rod is about 2 per cent, of the le.SM preciou.s 
metal, yet oven this small proiiortion can be drawn 
out to extreme linene.s.-i. Twenty-four grains of gold 
in a silver wire have been drawn out to the length of 
410 miles. The silver-gilt wire used for embroideries, 
laces, vestments, ami uniforms generally contains 
from 1 ,500 to 2,500 yards to the ounce. Sometimes 
the .so-called silver-gilt wire is really copper silver- 
gilt. A rod of silver, before gilding, is drilled and a 
rod of copper inserted. Then the gold is applied to 
the surface of the silver as already mentioned, an t 
the three metals are draw'n together, the attenuation 
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during the procc‘ss being uniform, and illustrating 
the remarkable ductility of all three metals. 

Brass and Copper Wire. ;rhc quality of 
brass wire depends upon the proportions of the con- 
stituent metals of which the brass is composed. A 
high proportion of zinc gives a light colour and a 
brittle and springy wire. For fine gauges of wire, 
and for weaving into gauze such as is used exten- 
sively in yiaper-making, a brass high in copper is 
used. 

The old method of making brass and copper 
wire, and that still in extensive use, is to roll the 
metal cold between Hat rolls \mtil the thickness 
desired — depending u pon the final gauge of the wire — 
js attained. 'Phis o])eratioii yields strips, which arc 
llieu eut into thin rods, to be afterwards drawn 
into wire through draw plates or dies on a wire- 
drawing bemd), or tlirough a continuous v^iro- 
drawiiig machine in tlio maiinei- dcseiibed for iioii 
and steel wire. 

Aluminium Wire. Aluminium in its pure 
stat(' has a ri'niricttal use in the form of win;, it 


that 50,000,000 pins are manufactured every day, 
and the statement constitutes a comment upon 
human carelessness in small things. Pins are made 
from wire the size of the shank or body of the pin, 
and the wire is almost always of bra.ss. The 
matej^ial must bo soft enough to allow the bead 
to be upset from the stem, and hard enough 
to serve its ultimate purpose without bending too 
easily. The brtiss from which pins are made by the 
best makers contains from 00 to 65 per cent, of 
copper, 35 to 40 per cent, of »inc, traces of lead and 
of iron, never aggregating more than *5 per cent., and 
occasionally minute traces of tin, these last being 
impurities. For long years the standard composition 
for pin brass was two of copper to one of zinc, and 
indeed this mixture came to bo generally known 
as “ pin brass,” but the slight saving achieved by 
reducing the copper percentage has caused that 
practice to be followed. 

The brass ingot is usu.ally about 2^ in. square, and 
is hot-rolled to about J in. diameter, as already dc- 
Hcribod. Cold rolling is sometimes practised, but 


is light, Imt its tensile strength 
i.s low, being oidy about 10 
tojis per s(juare inch of cross 

seel ion. Its elaslie limit is ImI 

also l»jw, a furlluM- fa« torwhi( h i 

militates against its ust;. I*^ine • B 

cilnminiiim wire is somotiimis ; '^=^1 

used for s<-i('utitic instruments | w|||||plll^^ 
when lightness is rcipiinul, and I 

is used in embroideries instead I ^ 

ot silver wire. Aluminium I * 

bronze, however, an alloy of 1 — 

aluminium and eof)pcr, yields a | 
medal high in tensile aiid (das- f 
tie properties Ixdng also a good ! 
conductor of heat and eltsdri- j 
•dty, and inoxidisable. lienee i 

wir<< of aluminium broiv/a; has . % ^ 

a wid(‘v sphere of us(d'u1ness ' 
than wire of fairo aluminium, t 

Aluminium wire is used to ! 

Rome extent in electrical ' 

engim'cring. Jlegaided with j 
disfavour at first by electrical i 

engineers, it is winning its way 4. riN STICK 

beeaust^ of the saving in first 
cost by comparison wdth coju 

pei-. The initial cost is about 25 per cent, h ss than 
that of an equivalent copper line. In eounlrics where 
long overhead tiansmission is j)raeli8ed, as in the 
United Stat(‘s, Uanada, and parts of Europe, alu- 
minium is being largely adopted, it is less used in 
England, becaiiso overhead schemes are of relatively 
small extent, and saving of cost of less importaneo*. 

Wire of Rare Metals. 'I'lm intrinsje value 
of platinum is very high, hence its use as wore is 
very limited. It can be drawn into very fine wir^. 
It is employed in the manufacture of electrical 
apparatus and scientific instruments where the 
anility to resist oxidation, acids, and high tempera- 
tures is re(piired. It cannot, however be used for 
electric glow lam])s, as it fuses too readily. Osmium 
and tantalum are, however, rare metals which 
have recMUitly been introduced into the manu- 
facture of filaments for electric glow lamps. Their 
use, cs])ccially the latter variety, will probably 
('xtend. Special measures have to be adopted to 
rediKx; osmium to the form of wire . 

Pins. Pin manufacture is an important British 
industry, the chief seat of which is Birmingham, 
where indeed are made about threc-fourth.s of the 
quantity produced in the country. It is computed 


it requires a -brass richer in 

copper, and is therefore moie 
I exjjensive. In either case the 
j wire is drawn to its final size 
! throtjgli draw-})la1es. 

PinmaKIng. The illustra- 
t ion { 3 J on 1 he preceding page 
j will help to an understanding 
of the .actual ])rocess of ]>in- 
iiiaking. The coil of wire is 
phu’cd on the revolving drum 
as shown. The end is led 

then between iron pegs, which 
straighU'ii it and guide it to 
the machine. A sliding plier 
arrangement seizes the end of 
the wire, draws it forward, 
and pushes it through a 
hob in a small iron plate. 
Here a tiny hammer or ])unch 
* * u psot H ’ * or t h ickens the 
(‘lid of the wire, thereby 
fotaning the pin head. Th(^ 

PIN STICKING MACUINE niacduno ha.s h(.*cn setcaiT^^ 

to the gauge ot the length of 
pin required, and as soon as 
the head is formed a shearing blade comes into 
action and cuts oil a short length of wire. This 
length of wire is a rough pin with a head, but 
without a sharp point. In a space of time infinitely 
shorter than w^o take to describe the movement the 
pointless pin falls into an inclined groove just wide 
enough to hold the pins suspnded by their head.s. 
This groove, when the machine is in oy>erntion, con- 
tains a row of pins suspended. A revolving cylinder 
with tile teeth graduated from coarse at the 
entering end to fine at the finishing end oy)erates 
upon the end of the suspended pins, which niovo back- 
wai ds and forwards in the groove, and files the ends 
to sharp ywints. The short wires, iwrfect in form 
but far from perfect in finish, then fall from the lower 
end of the groove into a receptacle. The machine 
we have seen has tui’iied out the pins at the rate 
of from 180 to 220 j>er minute. 

Finishing Pins. The pins are still yellow 
brass. They must be whitened, or “ silvered.” 
But they are greasy, and must first be cleaned 
They may be revolved or “ tumbled ” in barrels or 
cylinders with a solution of caustic soda. This 
cleans off all adhering grease. Then they are 
transferred to “ kettles,” or vessels heated by steam. 
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Metallic tin in fine powder is spread over them, 
some hot solution of oi-tartrate of potash is added, 
and the vessels are sealed up. The pins are allowed 
to boil for about four hours, when they emerge 
silvery and bright in their coating of tin. Then 
they go to revolving barrels or drums containing 
sawdust, and are tumbled about until they are dry 
and polished. The operator now handles them upon 
a tray. He ogitatc's this tray, and thereby expels 
any dust whk^h may adhere to them. 

Then they go to the^fmal machine [ 4 |, 
final as far as the manufactory is 
concerned, and arc put into rows, and 
issue as papers of pins. The machine 
that performs this operation is almost 
as ingenious as the machine that made 
the pins. The pins are placed in a 
sort of hopper, and the girl operator 
sweeps them with a brush into grooves 
that lead down to the rolls or strips of 
paper into which they are to be put. 

The machine creases the paper into the 
ridges required, and the operation of 
a lever causes the paj)er to come uj> 
to the rows of pin points, which arc 
then puslied into their respective 
places in the paj)er. The papers are 
made to contain 100 to .500 pins. 

Nfeedles. The ]»iiblic are given to 
associate needle manufacture with ))in 
manufacture, and if they have thought 
about the subject at all, imagine t hat the processes 
of maniifacture are somewhat similar. 'J’his idea is 
a. mistaken one; the processes are (piite dissimilai*. 
The manufacture of needles is a finer operation, 
and demands greater skill as it is not so dependent 
upon autornatio machinery. Needles are made 
from a superior quality of cast-steel wire. This wire 
is delivered to the iu‘edlemaker in coils. A workman 
cuts this wire into short lengths, each length 
sufficient for tw'o needles. I’hcse short wires are 
not perfectly straight, but have to bo made so 
before anything else is to be done with 
them. The wires are taken in bunciics 
about a.s big as can be compassed with 
the two hands, and an iron ring i.s 
placed at each end of the thick blind le. 

The bundles arc heated in a stove, and 
then placed upon an iron table, wliero 
the workman rolls them backwards 
and forwards, still in the bundle, pr<‘ss- 
ing a curved bar called a 
“ rubbing knife ” upon the 
body of the wires between 
the rings. This oyairation, 
which requires skill, makes 
the wires quite straight and 
regular by one wire rubbing 
against another under the 
pressure given. 

MaKing Points and 
£yes. Pointing is the next 
process. It is effected in an automatic machine, 
in which the mechanism holds the wires and 
presses them against a swiftly revolving grinds! one, 
which forms the y>oints and makes llie iieedkis ready 
for the eye-stamf)ing machine. 'J'he process of 
pointing needles used to bo fraught with very great 
danger to the health of the workmen, few of whom 
were able to work at their trade beyond the age of 
forty ; but for the last two decades conditions have 
im))roved, and suction fans are made to carry the 
steebdust and sand from the grindstone out of 
dangieir ai inhalation by the worktuen. 



NKICDI.K 


sides of llu 



QROUP 23~METAL8 

The stamp [5] is like a small drop forge, oywiateil 
by a stirrup i>odal. Taking in his left hand a bundle 
of wires, the stain y)er places them in rapid succession 
uix>n the lower die of nis machine, and with his foot 
causes the upi^or die to descend with force. Tlie 
dies form the heads, make beneath the needlc-eyo 
the short grooves that act as guides in the act of 
threading, and also almost f>ierco the eye itself. 
As many as 6,000 wires per hour can be handled 
by a skilled man. The needles are still 
twins, every wire being two needles, 
attached by their heads. 

The press where the eyeing Is done 
has a die similar to that of the stamy)- 
ing machine, but made so as to pierce 
the eye quite through. One by one, 
the double neodlo.s ar<^ placed uyion the 
bod of the yircss (6J, and the hantlle 
causes the die to come down. The hol<*s 
are made, and a.s the tool retreats again 
the twin nocdle.s show a tendency to 
sfitik to it, but a .sjx'cial part of the 
mechanism y^ulls the wires from the die, 
which a.sccnd.s to repeat the openition. 

The stamp lias left the head of the 
needle rough, tbrls thread the needles 
upon a lino wM*re, and the result is what 
look like line combs. The filer takes 
the “ combs ’* in hand, and with his 
ll’e, or with a fiat grindstone, clears 
away the “ rag.” or burr, from both 
) head. Now oacdi wire is placed in a 
hand vice, and is parted in the middle — the oynM’a- 
tioii of stamping having made the yiartingeasy — and 
anotlier treatment with the file makes the head 
smooth w’here the pairs liavo been joined. 

Hardening and Tempering, The needles 
now go into an oven or stove, usually heated by 
gas, and are raised to red heat. They are then cooled 
by being ydunged into oil, after which they arc 
hard and brittle as glass, and quite useless as 
needles. They have been hardmed. The teinyK^ring 
y>roccHs, yierfonncd by the same 
>rkman who hardened them, con- 
its in heating the nccdlo.s up to 
out ()()()° F., and allowing them 
cool gradually. Any needles that 
ve become crooked during the 
Dccss of hardening must ho tak(*n 
il straightened W’ith a small 
iiiima- on an anvil, one by one. 

'J’he lieads of the iietHlles 
aie softened by heat, and 
thfui follows the process of 
' .scouring and biirni hing. The 
former alone takes about a 
week. its object is to 
rtuiiove the dark coating of 
protoxide of iron which the 
needles have taken on as a 
result of the oyierations 
describeil, and to show a 
steel. The needles are placed 
laid in wooden troughs, and 
have yioured uyiori them a mixture of oil, yiowdored 
quartz, and soft soap. The canvas strip.s are closed 
both at the sides and ends, and the sacks of needles 
are placed upon what is called the ” runner bench,” 
a table with boarded sides. A heavy wooden block 
works backw'ards and forwards on the bags, turning 
the needles and pressing them one against anotber 
in the gritty comyiosition. Several times during the 
day, when the operation is going on, the ncecllc.s 
are opened out and inspected, and finer grit 


TIIK EYLINO rUESS 


surface of ymlisbed 
upon canvas strips 


2245 



GROUP 23— MCTALS 

supplied. Finally, for the last scouring, what is 
known as polishing putty ” is p\it in. The needles 
are then taken out, boiled clean, and dried 
thoroughly in warm sawdust. 

Finishing Touches. The needles must now 
bo sorted out, for all these processes have ni.ade 
them of varied lentrlhs. They are placed, with 
heads all one way, upon a narrow board in a row 
about one inch deep, and the 
long ones are removed by hand. 

A drill is them passed through 
the eye of c‘a<di n<^edle, to mak(* 
certain that there is no roughness 
that would fray the thread as the 
needle was being used. Then the 
tinishing-rooin does its part to the 
all but perfect needles. Cyliuders 
covered with leather bulls, u])on 
which a ])olishirig cmin])osition is 
])ut, burnish the needles. The 
workman liandles each needle 
separately. The points an^ then 
ground a little, for the cycle of 
o[)erations has blunted them 
slightly. An operator hohls 
them against a stone mill for 
this purpose. Then the needles 
are rubbed between two pi<*(es 
of but! leather to remove any 
moisture or stains. Finally, tlu'y 
arc taken into hot store-rooms 
for some time, as a last ])reeaution, 
and then they are made up into 
lh(; familiar ])a(*kots which we see r)n tire market. 
This brief review of the processes of luaulle manu- 
facture will make it hard to understand how'thrj 
iie(‘dlewoinan can purchase needles for the small 
price at which any haberdaslier or dra[K‘r will ho 
pleased to supply them. 

Wire Nails. I ’he manufacture ot wire nails 
is an enormous industry, which is, however, chielly 
in the hands of (lerman firms, who command the 
greater f)art of the world’s trade in common 
varieties of wire nails. 'J’he functions of the wire 
nail machiiK* is similar to that of the pinmaking 
iiiacliine, which w(? have alreaily examined, although 
there is no great similarity between the two. Wire 
nail manufacture is a nmeh simpler process than 
pinmaking. In the former ease 
there arc^ no elaborate pointing, 
polishing, and finishing ojierations to 
be gone through. 'I’Jie wire is fed 
into a machine in the coil, and is 
automatically straightenetl, cut into 
lengths .suitable for the nails being 
made, pointed, and headed. 'i’he 
ojjeration.s of cutting and jioinling are 
performed at the same tinu*. ^i’he 
end of the wire, as it enters the 
machine, is grip^HuI by dies, cutters 
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are the only articles in the category of nails which 
are still made by hand. 

Wire nails range from 1 in. up to (I in., and many 
thicknesses are made in every size. Almost all the 
wire nails used or ninnufncturcd in this country are 
made of round or oval wire, the projiortioiis being 
about fi ]KT cent, of oval wire nails, or hradu, used 
for door panels and other tiurposes, and tlie remain- 
ing 1)5 per cent, being round' 
wire nails with the checkered 
beads. The oval wire nails have 
usually a "cUiftp head, which is 
narrow, and owes its strength to 
its heiglit insfead of to its size in 
either direction laterally. The 
purpose of this form of liead is 
to enable it to l>e. sunk into the 
door- panel moulding, so as not 
to be visible in the linished door. 
In some (‘oiintries square wire 
nails are the most acceptable 
variety. Obviously, any section 
of wire nail desinKi can be made 
by feed mg the matdiine with 
suitable wire, and any sha|)t* of 
head can he giva ii by cqui])ping 
the machine with suitable heail- 
ing dies. Snujll brass and iron 
nails for shoj's are made in the 
manner d('S(’ribed, but thesizesof 
such nails run from in. to 1 in. 
long. 

Fig. 7 shows a machine used 
for this smaller (dass of work, its paiTicuhir 
purpose is for wire ta(^ks nd tingles. 

Wire Coiling. There are numerous purposes 
for which wire coils are used. Fig. 8 illustrates a 
imudiine for either hand or power use. The wire 
coil may he seen is.suing from the coiling gauge; 
The machine is simple in. its use, and ra}»id in its 
out])ut. More eomplieate«l nundnues make up- 
holsterers’ springs, which aK» made of steel wdre 
<• 0.1 ted with brass or eoppe/*, usu.illy the latter. 
iSiich machines .-iro automatic, making each spring 
narrow in the waist, as rcMjuired, and cutting 
it ulf when finished. 

Wire Ropes and Cables. Wire ropes 
are divided it)to three classes : “ laUl rojX's,” 

formed ropes ” and “ cable laid 
ropes,” and there are important 
differenees between them. The first 
has a (ientral core of Inunp or soft 
wire surrounded by six strands, each 
containing a similar central core. A 
formed rope, again, has a greater 
number of wires in its composition. 
Around the six wires forming the 
strand as used in the laid rope are 
placed another layer of wires, or, 
perhaps, more than one ; otherwise 


l)nrt it into .siiitable length.s, and the (.Sir Janic.s Farmer Salford) there is no difference. A cable laid 
xj .... I. j I r(»po is now used for ail diameters. 


Hat head is put on by a percussive 
or a pressing part of the mechanism. There ace 
two tv])es of machines, one of which makes the 
head by Kucoessive blows, and the other by 
pressure. The latter machine [7J is the better and 
the more generally u.seil. Its output is much larger 
than that of the ]Kncussivo machine. The output 
of a machine is from 100 to 300 nails per minute, 
according to size, and with mechanical means of 
yielding such an enormous output it is not sur- 
prising that the old-time nailer is extinct n.s a 
craftsnian. (lout nails and wrought shoe nails and 
hobs, none of wliicli are, however, made from wire. 


and is made by stra’.iding six laid rot>es togetlier to 
form one rope. 

Flexible Ropes. Wire ropes, or cables; 
are often required to be more flexible than is 
jiossible with only wire strands. Such ropes are 
necessary for marine purposes. The usual practice 
is to make a wire rope around a hcnifien core. 
Sometimes each individual strand of the rope has 
a core of hemj). The making of such composite 
ropes presents no difficulties if the working of the 
ordinary stranding machines be understood. 7’hc 
saving of both bulk and weight by the use Of wiie 
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cables is very groat. According to Lloyd's regula- 
tions a hempen rope of 13 in. circumference and a 
wire hawser of 4Hn. are considered of equal strength. 
The former weighs 40 lb. per fathom and tho 
latter only 15 lb. Wire ropes for marine purposes 
are generally made of galvanised wire, and have 
usutflily hempen cores. 


machines arc made to wind simultaueoiisly on to six 
bobbins if tho bobbins are sinjill, pay of 5 in. to 8 in. 
diameter ; if they are large, each winding machine 
is constructed to wind one bobbin. 

Keecnt improvements have been introduced into 
the construction of these machine.^ to make them 
automatic in action, so that whereas formerly om^ 
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Manufacturing Wire Rope. The manu- 
facture of wire ropes and cables ro]m'Hcntsthe largest 
and most important uso to which wire is applied, 
and its uso is over increasing with the growing 
demand for all kinds of metallic rop(‘s and cables. 
Tho last twenty ;^’car8 have seen tho introduction of 
many improvements in tho construction of tho 
machinejy cm})loycd in the manufacture of wire 
rr)]X‘S and cabk'S. These improvements are tho 
outcome of tho ever-growing <lemand for better, 
utrongor, heavier, longer, and more diviuKilied wire 
ropes and cables. For many purposes, a great 
demand has sjmiiig iq) for wire ropes and eabh^s 
composed of tv large number of line, wires, so a.s to 
render them more flexible, and to obtain tho greatest 
possible certainty concerning their quality. 

Many very heavy cables arc being used in con- 
nection witb mines, bridges, rojxnvays, ami similar 
work, and tln^so can Ixj made only on v(*ry largo 
machines ; sueh machinery ean malu? ea))los weigh- 
ing up to 80 tons each in one length — that is to say, 
ill the ease of an S-strand cable weighing 80 tons, 
each strand has to w-eigli ten tons, and the eabling 
machine carries 8-strand reels. 

(k)nsidorablc variety has been iiitrodiiceil into tho 
manufacture of cables by the use of wire of irregukr 


skillc'd man was rcjpiireil to attend to two maehiucs, 
IK/W one unskilled mau eaii atteml to seven machines. 

Fig. 11 represents tui improved wire- winding 
maeiune. During the passage of the wire from the 
reel to tin* bobliin it is not only kept constantly 
light, but also in const ant contact with a hori/a>ntal 
guide or traverse-jiulley. furnished with a groove. 
This ctfeets a r<‘giilar wiiKling on of tho wire, wuth 
the result that on (aich bobbin the maximum (pjan- 
tity of wir(5 is wound, and in tlio most regular 
manner jxissibk*. Tho ira v(TS(^ motion can easily bo 
regnlatetl in ordei- to mlapt it to the thickness of the 
wire to lx; wound, and to the Avidth botwix'ii tho 
flanges of tho bobliin. A further important ad- 
vantage results through the wire bciiiL' tnavtod with 
the grcate.st care in its pas.sag(‘ from tho ring to tho 
spool. Tho traversing. pulley revolvcvs in tho same 
direction as tho Aviro and runs at tho same s])oe(k 
so a.s to avoid all scraping or scratching, which is 
damaging in tho ease of galvanised or tinni'd Avir(‘. 

Strand Forming. 'J’ho next operation is 
forming tho Aviro stramls. .‘ioiiio of wdiich an^ nuuhj 
Avith a hemp t ore, and souk* without core. All tho 
bobbins containing tlu^ wirus to be nsixl in making 
tho strand are jilared in tho wire-stranding machino, 
each bobbin in a steel frame or llyer. All the flyers 
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section, and maehinory has been modihcMl to facili- 
tate the uso of inogular-shaped wires. Oeiicrally 
HfKiaking also, many improvements have been made 
so as to facilitate tno employment of high speed in 
the running of cable machinery. At the ]>rcseni 
time, stranding and cabling machines are running 
about 60 per cent, quicker than formerly. 

Wire Winding. The fii'st oiM'ration is tho 
winding of the wires on to the bobbins of tho 
machines. This has to bo done with caro and regu- 
larity, so that the bobbins may contain their full 
capaoity of wire, and also to ensure that the wires 
run freely from the bobbins. Wire-winding 


are fixed in iron ring.s, which revolve round a central 
tub(5 through which the core passe.s. If the strain! 
is to be euu.st incit'd of 10 Aviri's, the stranding 
machine must carry IS bobbiii.s. The wires ar<» 
draAvri from the bohl)ins with the utmost regularity, 
and, passinu through dies, they assume their iiroper 
posititm, and form the desired straii'k 

Stranding machines of the mo,st modern con- 
struetion must be able tti make strand.s composed of 
a maximum number of wire.s, anti be able to revtdvt) 
at the maximum speed. Tho best moans of attainin'^ 
this is by combining scjverul machiiu^s together, ami 
by keeping tln*ir diameter as .small as possibk*. 
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Combined Stranding Machines. A 

growing demand exiBts for combined wire stranding 
machineH, capable of running at high speeds and 
making strands composed of a large number of 
wircjB. The principal reason for this is that rojKJS 
and electric cables possessing, among other special 
qualities, much greater Ilexihility than formerly, 
are in ever increasing demand. These machines 
possess several important advantages, which wo 
sot forth by taking ns an example a treble stranding 
)nachine composed of three sections to carry 0, 12, 
and 18 bobbins respectively. 

Each combined treble stranding machine is 
capable of being transformed int-o three s<‘parate and 
independent stranding machines in such a manner 
that eacdi section can work in either direction, make 
its own strand, and wind it on its own reel. J'hus: 

Section “ A ’* can make a strand of 7 wires. 

Section “ B” can make a strand of 13 wires. 

Section “ C” can make a strand of 111 wires. 

Each section can run at the full rate of the sj)eod 

of which a machine of its size is ea]>nl)U\ 

3'ho sections can he run sciiii-indcpondcntly. 
Sections “ A and “ B ” can be run together to 
make 10-wire strand, while seel ion **0’’ is simul- 
taneously making a 10- wire strand; or sections 
“ B ” and “ 0 ” 
can be run to- 
gether, making 
strand up to 31 
wires, while sec- 
t i o n “ A ” is 
making a 7-wire 
strand. When all 
the three .sections 
of the machine 
arc combined, 
they can he run 
in either direction, 
a n d prod u c e 
strands up to 37 
wires, at the s])eed 
of section “ C.” 

The three sec- 
tions, when com- 
bined, are able to 
make the strand 
by forming a core, 
say of 7 wires, putting round it a layer of 1 2 wires, 
and putting round it another layer of IS wires. The 
three sections, when combined, are able to form a 
strand by carrying all the wires to the' front lay- 
plate, and there combining them simultaneously 
into one strand of 37 wires. 

I’liese combined machines arc not merely .several 
machines placed one after the other, but are spceially 
designed for the manufacture of multi-wire strands. 
If stranding machines of ordinary construction aro 
placed one behind the other, the length of the 
combined machine is enormous. To avoid this, 
each section is furnished with its own draw drum, 
and, alongside it, its own winding-on apparatus, so 
that when each section is working as a separate 
machine, the three strands jirodnced simultaneonsly 
are taken upwards, each passes round its grooved 
swinging pulley, then descends, and each one is 
wound on to its reels. Some machines are employed 
to make strands up to 61 wires by using a wire coro 
of 7 wires, and are conipo.sed of : 

Section “ A ” carrying 12 bobbins. 

Section “ B ’* carrying 18 bobbins. 

Section “ C ” carrying 24 bobbins. 

For telephone c/ihles, combined machines are 
made to carry up to 224 pairs of wires. 
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Wire Cabling. Wire cable machines are 
made both of vortical and horizontal construction. 
The former are constructed each with six, eight, 
or nine flyers to carry the strand bobbins, and, in 
addition, each machine has one central Hyor to 
carry the core bobbin. The bobbins vary very 
much in size, and may contain each from 2 tons 
to 10 tons of strand. 

Several important improvements have been made 
in these macdiincs. For instance, the whole body 
of each machine, instead of revolving on one 
central step, now revolves on a series of steel balls, 
placed in s]>eeial steel circular paths. This arrange- 
ment reduces very materially the power required 
for driving the machines, and does away with the 
annoyaiK'c and frequent stoppages arising from 
heating and wearing of tlie central .step in the old 
style of • maihines. Eaeh closing machine is 
furnished with an improved double-geared winding- 
on apparatus, working automatically with self- 
acting traversing motion for winding the finished 
rope or cable on to the reel. 

The horizontal wire ro]»e and cable machines are 
(amstrueted to carry from six to 12 steel flyers and 
bobbins. U'h(‘ body of such a machine is mounted 
on a powerful steel tube revolving in long hearings ; 

the core passes 
tliroiigli this tulje: 
a stantl is siip- 
])lied for the back 
of each machine 
to carry the con* 
bobbin. The rings 
o f 1 1) e body 
mounted on the 
tube run on anti- 
friction rollers, 
which arc easily 
regulated, sup- 
))ort the body and 
facilitate the run- 
ning. 3'he flyers 
carrying the hob- 
bins are made of 
Htc(d. 'I'lie bob- 
bins vary very 
mueli in size, say 
from a 5-ewf. to a 
60-cwt. capacity. Each machine has a suitable 
winding-on a]>paratus, with reel, indicator, etc. 1\) 
ensure the maximum speed, the cast-iron body rings 
are hooped with wroughi-iron hoo|)s, shrunk on 
hof, as a security against the danger of acc*idents. 

A Compound Wirei^c ^ble Machine. 

Hero are particulars of a typ’cal modern compound 
u ire-cable machine such asthatsh )wn in 9, It carries 
42 bobbins of wire, up to No. 1 1 gauge, and makes 
in one operation a 7-atrand cable, 3 in. in circum- 
ference and without any splice, whatever may be 
the length and weight required. 

The driving is communicated from a hcadstock. 
by mcan.s of spur gearing, to a hollow central stt'ol 
tube, 17 ft. 6 in. long, 6 in. external diameter, with 
hole through 2 in. diameter ; this steel shaft runs 
the entire length of the machine to the lay-plate, 
and carries the whole of the stranding mechanism, 
and is imule hollow to allow of the central core for 
the cable passing along the inside. By means of a 
sun and planet motion, the centre wheel of which 
is fixed to the steel tube, motion is conveyed to six 
bobbins, which carry the six central wires for the 
six strands, and thei^e bobbins are carried by them- 
selves on a separab? ring. Then follow three other 
Tings also placed on the central tube ; between the 
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first iind seoond rings revolve three stranding 
a]i})arattt, and betweiai the secoiul and third rings 
three other stranding a|j[)araUi, all tliose six strand- 
ing apparata being flriven by means uf spur gearing 
fixed to the central steel tube, and motions aro 
introdueed for lengthening and shortening the lay 
of the wires in the strands. The six strands pass 
through dies so as to ensure perfec't rotundity, 
thenoc over guide rollers and tlirough the head of 
the machine. 

After passing through the lay-plate, tlie six 
strands enter a set of dies, in the ec'iitre of which 
passes the core, and are thus formed into a cable. 
'I'heso dies can I)e set n<*aivr to or farther from the 
lay-j)late, according to the diameter of llu" cable 
being made. The finished cable ])asses live «)r six 
times round a draw drum r>ft. in diameter, whi<*bis 
drivcui by gearing. An ingenious arrangement is 
attached to the delivery end of the maehiiie. which, 
worlviiig by friction on the edge of the cable as it 
IS being delivered, automatically records the exact 
length as it is being made. 'Hie operation of the 
machine will be niidcrstood from flu* above descrip- 
tion, but it may be interest ing to add (hat, assuming 
it is intende(i to mak(‘ a eable 
eom posed of sjx strands ami a 
central coi'c, the e Iral tube, 
whiidi curries (he six stranding 
aj)parata, each carrying the re- 
ipiired number of bolibins all full 
of wire, being set in motion, 
causes the six wire 
strands to issue from 
the six stranding 
appai ala attd to eom- 
!)ine togeth(*r. In 
tlieir centre is placed 
the core of maiiilla, or 
hemp rope, which, 
having l)een pre- 
viously saturated 
with tar oil, ])asses 
along the middle of 
the c'cntral tube and 
takes its place exactly 
in tiie centre, where 
the six strands eom- 
hine around it, and 
thus form the cable. 

Uses of Wire 
R.opes. The industrial uses ot wire roj)es arc 
always extending. At the top of the tree are enor- 
mous wire cables for suspension bridges. Messrs. 
Richard Johnson &. Nephew, Limited, of Manchester, 
recently made for a snspen.sioii bridge at Cim innati, 
United States of America, two wire cables, each 
a mile long and each containing 52,000 wires from 
end to end. The total weight of the two is 500 tons 
and the breaking strain is 0,500 tons. Incidentally 
it is a source of national pride that an Knglish com- 
pany can compete suec(‘ssfully for such articles in 
a high-tariff wire-maiuifaeturiug eountry like the 
United Stales. 

Rof>cs for winding ]nir])oscs find their chief sphere 
for use in mines [see MINlNOt. 

Certain cautions must be ooserved in the use of 
ropes for hoisting ])urposes. A steel rojKs is not so 
flexible as a hemjHin eable and the strength is 
seriously impaired if the pulleys over whieli the 
ro|Kxs run are of too small a diameter. Sueli ropes 
also should never be made to coil in more limn one 
d irection, as is sometimes done. To cause a wire rojie 
to coil in two directions, one o])positc to the otherv 


is to subject it to an undesirable strain aii<l to 
shorten the life of it.s eflieiency by one-Jialf. Ropes 
for hoisting purposes should be freely lubricated 
w’hcn in use. 

Winding rof)es for use in mines are usually 
about ‘.i in. in eirenmfereiice, and the drums nr 
pulleys upon wlii(‘h they run have usually a 
<lianicter of from 20 ft. to 30 ft. 

Wire Netting. The tra<le in wire netting is 
v<Ty large. Yet it is little more than half a cent urv 
old. In the 'forties of last century wire netting 
began to be Jiiade by cumbrous hand [uocess. to 
<leseribe which would have only a historical interest. 
It is with the Avire-netl ing machine first invented by 
Mr. Barnard, of Norwich, in 1855, tliat we have(‘on- 
cern. The wire generally used for netting is tamimon 
annealed iroti or inild steel wire. Wire-netting 
jnacliines may dilfer in ilctail, but the principles of 
mo.st are similar. They are invariably adaptabli* 
to Tuake many widths of netting and many difrcreiit 
meshes. The limits of width are from 1 it. to (> ft., 
and even ii]) to 0 ft. may be jnircliased. 'Pfie 
nu‘sln‘s obtainab](> run from 4 in. up to 4 in., 
the larger sizes being usually called “slu'ei*’' net- 
ting. 'Fhe most common meslics are 
from 14 in. to 2 in. The wire used 
20 and 22 gaug(‘ for \ in. 
p 1( from 10 to l('» gauge foi 
h. In this eountry tlu* 
standard i 1 of netting is 50 ft. long. 

'Phe us 1 wire-mdting machine 
consists c ‘iitially of a number of 
tubes witl i each of which a tight 
coil of wire is. wound, always by a 
sp<‘eial bine for (he j)urposc. 
These ti bes, which contain the so- 

, called “ helictis *’ of 

tightly - coiled wire, 
have at their top ends 
semieireular pinions. 
Another siaii'S of 
wires is fed to (he 
inaehine from bobbins, 
and are letl through 
tubes also lilted willi 
•semicircular ])inions. 
By a peculiar half turn 
and sliding mdtion, 
these tubes vsaltz ” 
about a.s the wire is 
pulled throijgli (lie machine and rolled upon a 
cylinder. Suitable a])|)aratus (a)ntro! the size of the 
mesh and the .strand tliat forms the selvedg(‘ border. 

, Wire Cloth or Cause. Wire woven into 
fabric is u.seil in ninny industries. 4’he paper- 
making trade u.ses large ([uatil ities, the gold-mining 
industry has need of wire gauze of special quality, 
and Hour millers make demands u]>on the wire- 
weaver. Wiio may he woven so fine that 40,000 
meshes go to the* square iiicli. This degree of 
liiiene.ss can be la tter aj)preeiate<l by an illustra- 
tion. The half-tone ])hotographie blocks used as 
illustrations in this article h.ive a surface made 
up of minute points. There are 14,400 of the.se 
points in every sipiare inch, but the wire cloth 
mentioned above ha.s almost three times as many 
holes as the half-tone block has points. 

This degree of finene.ss is, howeA’or, unusual. 
The inaehine eomiuonly employed for weaving 
wire [12] can produce a mesh of frorn two to UM> 
holes to the lineal inch — that is, of from four to 
1,000 holes to the square inch. It is really a loom 
driven by power and is entirely automatic in action. 



12. WTriE-WKAVIN<i M.VtMlI.N i- 
(Sir Jainf< I’ai iiicr tV Sums, S.-ilh. <l) 
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Hotel Books. Visitors* Ledger. Gas Coinpany*s Rental Ledger. Bankruptcy. 

Statement of Affairs. Deficiency Account. Compositions. Proofs of Debt. 

TABULAR BOOKS AND BANKRUPTCY 


'T'HB. student has already been introduced to 
^ the subject of tabular bookkeeping, although 
it has not hitherto been referred to by that name. 
Specimens of books kept on the tabular systcn% 
were given in the petty cash book on page 276, 
the throe-column cash book on page 636, and 
the columnar purchases book shown in the pre- 
vious article. 1*ho leading principle which those 
books were designed to illustrate is that items 
of a similar nature are capable of classiiication in 
the books of first entry, and that such classifica- 
tion has the elTeet of shortening the work of 
making the final entries in the ledgers of the 
concern. The principle is capable of consider- 
able expansion in many directions in various 
businesses and institutions. 

Tabular Cash Book. Dealing with the 
cash book first, it may be point(‘d out that this 
is the most important book in such institutions as 
charities and hospitals where, if a suitable form 
of c;ash book is prepared ami the book eait^fully 
kepi, fbere is frequently no need for any further 
financial record, as it is a simple matter to 
prepare a summary of the cash book at any time, 
showing the position of the institution. As no 
trading is carried on, no profit and loss account is 
necessary, the principal account required by, 
and submittetl to, the board of managcnicnt 
being an accoxmt of receipts and payments, with 
a statement of outstanding liabilities to date. 
The latter can easily be i>repared from the file 
of unpaid ac<!Ount8, and if that is kept up to date 
the combined cash summary and liabilities state- 
ment should be all that is required. 

*rhe reason that the tabular system is so suit- 
able for these institutions is that all their re- 
ceipts and payments fall undtu’ a few well-<lefined 
heads. For instance, the receipts of a hospital 
consist of subscriptions, donations, patients’ 
payments, legacies, and income from inv(*st- 
ment-s and properties. Many of them also 
receive grants from King Edward’s Hospital 
Fund and from the Hospital Sund ly and Satur- 
day Funds. The receipts side of the cash book 
might therefore bo ruled with (columns providing 
for each of these classes of income, further 
columns being added for items of miscellaneous 
receipts and for the total. The payments will 
consist of the salaries and wages of the medical, 
nui’sing, and clerical staff, rent, rates and taxes, 
tradesmen’s accounts, drugs and appliances, 
repairs, and miscellaneous expenses. Columns 
w^ould be provided for each head of expenditure 
and for the total. 

Advantage of Classification. In the 

case of the largo London hospitals, such a 
book as this would, of course, not be sufficient 
to record all the financial transactions ; but 
even in their oases, such a cash book is of the 

INCLUDING BOOKKEEPING & ACCOUNTANCY, 
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utmost value in curtailing the clerical work, 
inasmuch as it classifies the items, and enables 
the postings to the general ledger to be made 
in total monthly^ The accounts to which the 
receipts are posted are not, of course, the per- 
sonal accounts of the donors, subscribers, etc,, 
but nominal accounts for subscriptions, dona- 
tions, or as the case may be. 

In trading concerns, besides the three usual 
columns for discount, cash, and bank, it is very 
useful to have on the debit side a column for 
rt^cording all receipts in respect of cash sales ; 
and on the credit side, a similar (column for cash 
purchases, as the necessity for posting such 
items in dc'tail to the purchases and sales 
accounts is thereby obviated, all that is required 
being that the totals of the columns should be 
posted at th(‘ end of each wet^k or other suitable 
|K‘riod. Further, in dealing with tlui system of self- 
balancing ledgers, we saw that unless si'parate 
cash books were kept for each ledger, ijolumns 
were necessary on each side of the cash book 
to record receipts and payments relating to 
accounts in the respective h'dgcrs. The student, 
therefore, perhaps unconsciously, has gradually 
bo<‘n becoming acquainted with the tabular 
system in relation to thtj cash book. A form 
of tabular purchases and sales book was showx\ 
and explained in detail in the previous article, 
and need not consequently be further dealt 
with now. 

Tabular Ledgers. This brings us to 
the subject of tabular ledgers, the method of 
using vvhi(!b may not at once be apparent to the 
reader. Probably the greatest use of such a 
ledger in trading concerns is made in hotels where, 
in large establi.shmcnts, there would be thousands 
of personal accounts in the course of a year. The 
charges to visitors consist of iti,‘ms of the same 
kind Uay after day, and it would manifestly be 
impracticable to have ledger accounts for the 
visitors on the usual lines, debiting them daily, 
and crediting the various accounts of the articles 
supplied, such as apartments, provisions, wines, 
ete. The staff required to keep books on such 
principles in a large hotel would be almost equal 
to that required to run the concern, and would 
not even then be such as to satisfy the require- 
ments of the proprietor. To meet this difficulty, 
a form of book has been devised known as the 
Visitors^ Ledger^ which saves a considerable 
amount of labour, and yet gives all the informa- 
tion required for the general accounts of the busi- 
ness. An abridged form of such a ledger is shown 
on the next page. The entries in it are made 
either direct from slips supplied by waiters and 
other servants of the hotel, showing the charges 
to be made against each visitor, or from a 
book in which the slips have first been recorded. 

PITMAN’S SHORTHAND, & TYPEWRITING 
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The entries in this ledger require little further 
explanation than they furnish in themselves. A 
page of the book, or more, if lujcessaiy, is si‘t 
apart for each day. The charges against each 
visitor are entered in tlie manner already 
mentioned, and cross-ciist into tlie daily total 
column. Any amount brought forward from 
the previous day is added, and the total entered 
in the grand total column. If the visitor pays 
hi.s account, the amount is entered in the column 
^ provided for the purpose, and the account 
thereby clos(*d. If lu* iloes not f»ay, the amount 
is tmteretl in the carric^d forward column, and 
will ap]><iar on th<‘ ])age for the following day in 
the Iwought forwai’d column. Any overcharge 
or other allow.‘in(*(* to which the visitor may l>e 
entitled, is entered in tht‘ a])propriatc column, 
and shouUl any visitor h^ave without paying his 
a<‘count, or if, for any reason, any amount is left 
unp.aid afttT a visitor has givtui up his room, 
the balance due from him is carried into an 
ordinary ledger, where an account, is opened in 
his name, on wliich he is debited witii the amount 
he owes. 

Connection with General Books. Tho 

totals of tho first sixtetui momy columns aro 
cntcr<*d daily in a summary niUal with corre- 
sponding columuH, and at the end of a month a 
journal entry is m.adc debiting Visitors' Account 
in the geiK'ral h'dger with the grand total, 
and crediting the various nominal accounts 
witii tJn‘ir respective totals for the month. 
Th(5 visitors’ account would then be (;reditcd 
with the cash received, and allowances made, 
and the balancij of the* account would re- 
present the sum then due from visitors, ami 
should eorrcispond with tho amount carrh*d 
forward in tho visitors’ h^lgcu* on tho last day of 
tho month. 

Before the totals are <*nt(T(^d in tho summary 
daily, (;are must, of course, be taken that tlie 
cross-east agr(*es with the sum of the daily 
total column; *'iny discrejianey must horeetitied 
before tho transfer is made. Tho daily total, 
plus the amount brought forward, must agr(‘o 
witJi tlu^ grand totals column, which, in turn, 
inu.st equal the sum of the last four columns 
in tlie ledger. The “ amounts paid ” column 
should be carefully cJiecked with flic “ visitors’ 
cash ” <M>lunin on the debit side of tho general 
cash book. 

Visitors* Accounts. The accounts ren- 
dered to visitors aro jirtqiarcd on the same 
principle as tlie ledger, tho only diiference 
being that the form is ruled to cover a week. 
Columns are provided for each day, and 
for the total, while the ditferent items of 
charge are shown one under the other instead 
of as hi^adings of columns. The great advan- 
tage of rendering bills on this system is that 
they can be compiliHl day by day, and will 
be. ready at any time a visitor calls for his 
account upon leaving. 

The tabular IcsdgiT we have been considering 
owes itns form largely to the necessity of carefully 
analysing tho debits to the visitors, in order to 
ascertain tlie revenue under the ditfi*rcnt li(*ads 
over which the income of an liotel business is 
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spread. But there is another class of under- works, and is intended, as much for the pro- 
taking in which tabular ledgers are not less tection of the debtor as of the creditor. The 

valuable, where the income is derived from term bankrupt is generally applied rather loosely 

practically only one source, but whore there are to any person in a state of commercial insol- 

many debtors with whom transactions take venoy ; but, strictly, it should be used only in 

place only at regular intervals and then at some reference to a person who has been adjudicated 

distance of time. Examples of such under- bankrupt by the (>ourt. This statement necessi- 

takings are gas, water, and electric light com- tates an explanation of the steps which must be 

panics. This form of ledger is suitable also for taken before the stage of adjudication can be 

the rate* collecting department of municipal arrived at. 

authorities, and for the rent-collecting depart- The first step in bankruptcy proceedings 
mont of a largo estate. The form reproduced is the presenting of a petition to the Court 

on this page is ruled in a manner specially suit- by a creditor or creditors for at least £.*>0, 

able for a gas company, but it will be apparent asking that an order, known as a Receiving 

to the reader that it is capable of being Order be made against a debtor. Every poti- 

adapted to the requirements of any of the busi- tion must be based upon what is known as an 

nesses mentioned, and, indeed, to many others. act of bankruptcy. There are several of 



This form practically speaks for itself, and these, and they consist of acts indicating 

very few words are necessary to elucidate it. either insolvency or an intention on tlio part 

The amounts duo for gas consumed are obtained of the debtor to defeat or delay his credi- 

from the books of the men employed as meter tors by more or less fraudulent means. The 

readers, who make a quarterly inspection of the act of bankruptcy upon which the majority 

nieU’TS for the purpose of obtaining the par- of petitions arc prcsentc'd is known as failure 

ti(!ulars. The me^er and other rents follow a to comply Avith the terms of a bankruptcy 

fixed scale. .Any charges other than those of a notice. This is a notice served upon a debtor 

standing charat!t(ir, are not dealt with in this by a creditor who has obtained judgment, 

ledger, but are treated sep<arately, and applica- requiring payment or security to the satis- 

tions for amounts due for fittings, connections, faction of the creditor within seven days, 

etc., will be dealt with by another department. If the terms of the notice are not complied 

Bad Debts Ledger, Any debts regarded ’'vith the debtor has committed an act of 

as bad, although entered in the column for that bankruptcy upon which a petition can be 

purpose, are not thereby abandoned or neglected. founded. Bankruptcy business is dealt with 

The accounts are closed so far as this particular ^>7 a particular division of the High Court, 

ledger is concerned, but they are transferred to a certain of the County Courts, 

Bad Dc&te Lerfj/tr, which is also kept in a tabular ivnd upon presentation of a^ petition a day 

form, and gives brief particulars of the nature, appointed to hear it. If the court is satisfied 
amount, and ago of the debt. It is convenient it is equitable that a receiving order should 

in many bu8in(.*ssos to keep such tv ledger, for made it directs accordingly, 

while a trader does not wish to encumber his . "*'ke immediate effect of a receiving order 
ordinary ledger with accounts wliicli may be that 2 )ossession of the debtor’s property 

regarded as dead— .although there arc balances t^ken by an officer of the Board of Trade, 

due on them — ho does not wish to lose sight known as the Official Receiver, and it becomes 

of them. They are, therefore, transferred to a Ike duty of the debtor to lodge within seven 

book which is largely in the nature of a register, days a statement of his affairs, 

in which only one line is devoted to each. They Statement of Affairs. The state- 
aro thus in a form catiable of easy supervision, ment must be in a foi’m prescribed by the 

and althcTugh not regarded as assets from the Board of Trade in accordance with the Bank- 
accounts 2 >c)int of view, they may, with careful ruptcy Acts, and it is in connection with 

nursing, result in something being recovered. this statement that we are now principally 

Petitions in BanKruptcy. The law of concerned. Several schedules are provided 

bankruptcy, as it exists today under the in which have to be entered (1) the different 

Banliruptcy Acts of 1883, 1890, and 1913, classes of creditors in three.groups, (a) those 
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holding no security, (&) tliose holding security 
to the full amount of their claims, (e) those 
holding security for less than their claims ; 

(2) liabilities of the debtor on bills which ho 
has received from customers and others and 
subsequently discounted, and upon which ho 
is, therefore, contingently liable as endorser ; 

(3) other contingent liabilities ; (4) claims 

of the landlord for rent, which he can recover 
by distress ; (5) claims for rates, taxes, wages, 
etc., by creditors who are* given a 8|H^cial 
priority over others against the general assets 
not specifically charged to secnircd creditors. 

A form is also provided in which tlui debtor 
has to S(‘t out fully the wliole of his property 
apart from book debts, for which a special 
sheet is provided. A separate form is also 
supplied for any bills of exchange which he 
has on hand available as assids. Wh('n these 
ffirms have been completed they are sum- 
marised on a. sheet in the following form, 
tins sheet being known as t in? Froni Sheet : 


that some creditors, being given by law a special 
priority or preference, are entitled to payment 
in full before the ordinary creditois receive any- 
thing. The amount of their claim is, there- 
fore, deducted from the total of the assets 
and the balance is thts amount available foi 
the ordinary erv*ditors. 

From the nature of the necessity for the jire- 
paration of th<' statement of affairs it is un- 
likely that tlu^ assets will exceed the liabilities, 
and there is, therefore, generally a deffeieney 
of assets to meet the' claims of the creditors. 
Kven when a sin plus i.s shown on a statement 
it is nearly always illusory and arriv'ed at by 
the extravagant valuation of assists. 

Deficiency Account. When a deti- 
eiiMicy is shown it has to lx; ex])lain(;d in a 
flirt sheet, known as the Defirierirff Arcomti 
It is reipiired that this shall cover at leasi 
a year Ixdore tin; leeeiving order and begin, 
when; possible, at a time when the debtor has 
a surplus of ass(‘ts oviu' liabilities. 'Ihc object 



STATEMENT OE AEEATRS OF 0. 

BLACK ON 3()th JUNE, lOOfi 


(.i mss 
Lialiililios 

Ll MULITIKM 

(ii> stiitfO ami cstiniiitcO l»y tlx* debtor). 


lixprrted 
to Kank. 

As>kts 

(as statt'd and esllinaled hy 

Llie debtor). 

K.stiniatcil 

to 

J’rtHltne. 

Ht),! 

I’nst'cuivd rn'ditors as i*<‘r Lint A 


805 

Property as pi*r List H, vdz. : 


200 

(Jrodilors I'lillv Hoe.iin'd as f)or bist. B. . 

2.''»0 


Caslj at hankers 

8 


Kstimuted valun of HotMuity .. 

300 


Do. in hand 

15 




Sto(!k-in-trado (cost £500) . . 

2.‘i0 


Surplus carrx'd lo coutru 

£50 


Eurnituro 

50 







187 

(/H'ditor part ly socunMl a.s por List 0 

187 


Lift' Pol ioiofl .. ,, 



bst iniatod value of security .. 

150 

37 

Other Pro]>t‘rfy, vi/,. ; 



— 


Shares in ct>ppi‘r niine 

10 

60 

Linbilitv <ui hill disi^ounlod other than 



Book Dobts (List 1) ; 



debtor’s own a<;(;eptafK;eM (List D) 

50 


(b>od . , 

75 


N«>t (»xpt;cl('d to rank against ussot.s 

— 


Doubtful 123 ^ 

Bad 200 V 


200 

Contingent or other liahilities (List E) 

200 


- 323 / 




— 


Kstiirmted itt pj'odijiM 

60 


Of which it. is (;xpect<'d will rank 



Bills of Exeliange on hand 



against tlie oslate for divalend . . 

. . 

100 

( List J ) 

25 

25 

Creditor for rent rooovorablo hy dis- 



Surplus fnnn seeurities 



Iress(ListE) 

25 


as per contra 

50 

83 

Creditors fur rat(;s, taxes, and wagtus 






( List O) payablo in full 

33 


Deduet (h-editors for rtait. 

533 


Deducted contra •• .. 

58 


rates, etc. 

58 





Dofifioney t'xpluinod in Slate- 

475 





inent Iv 

527 

1,010 



£1,002 


£1,002 


Front Sheet. It will be ob.scrved that 
this statement resembles in some degree 
an ordinary balanet;-shect, in that it is in- 
tended to show the assets and liabilities 
of the debtor. A balance-sheet of a going 
concern is, however,^ prepared upon the 
assumption that there is no immediate necessity 
for the realisation of the property, which can 
therefore be stated at its value to the pro- 
prietor from the view of utility. The pro- 
I>erty of the debtor, on the other hand, is 
valued upon the basis of early realisation; 
it may be as a going concern, but is probably 
at break-up prices. It will further be noticed 


of the detiei(;ney account is to show how 
tiiat surplus has disappeared, and how the deti- 
eiency shown on the front sheet has arisen, 
'riie account, therefore, is largely in the nature 
of a profit and loss aiJcount and is made up in 
the form as shown on next page. 

The complete statement of affairs has to 
be verified on oath by the debtor and lodged 
with the Official Receiver, who calls a meeting 
of the creditors to decide the course to he 
taken in dealing with the estate. They may 
decide to wind it up in bankruptcy, and apply 
to the Court to adjudge the debtor a bankrupt. 
If they take this course a .trustee may bo 
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appointed at the meeting who will, after 
certain formalities, take over the assets from 
the Official Receiver and procjeed to realise 
them for the benefit of the creditors. When 
they are fully realised, he distributes the 
proceeds amongst the creditors pro rata, 
after first paying his own remuneration and the 
costs and expenses of the bankruptcy proceed- 
ings. The distribution of a bankrupt’s assets 
amongst his creditors is called a dividend. 

Public Examination and Discharge. 
After the meeting of creditors, the debtor has 
to attend for his public examination, which 
con'^ists of an appearance in open court, when he 
is questioned by the Official Rect'iver, the trusU^e, 
and any creditoi's who may so desire as to his 
piist d(‘alings with his projK^rty. After the public 
examination has Vieen concluded the debtor may 
apply tor his discharge from his bankruptcy. 
This application is heard in open court, and 
notice of the hearing is sent to all thc^ creditoi's. 
At the hearing the Official Receiver reports the 
result of his investigations into the debtor’s 
conduiit and affairs, and Iht'- trustee and (creditors 
may then be heard against the aptilication. 


by the Official Receiver after the debtor’s public 
examination has been concluded. The Official 
Receiver reports upon the scheme or proposal, 
and if the Court is satisfied it is for the benefit 
of the creditors, the arrangement is sanctioned, 
and the debtor thereby relieved from the various 
disabilities of bankruptcy. 

Reference has been made to creditors who have 
proved their debts. This relates to the manner 
in which creditors are required to lodge their 
claims in bankruptcy proceedings. When the 
Official Receiver issues notices for the meeting 
of creditors he sends out also what is known as 
a form of proof of debt. This is a skeleton form 
of affidavit which has to be completed and sworn 
by the creditor. It states that the debtor was, 
at the daii^ of the receiving order, and then is, 
indebted to the person on whose behalf the proof 
is lodged in the sum named therein, and for the 
consideration stated. Any security held by the 
creditor has to be fully stated in the proof and 
valued. In order that the valuation made by the 
creditor shall be a fair one, the Official Receiver 
or trustee has the right in certain circumstances to 
call upon the creditor to deliver the security to 


DKFlOrRNTlV ACCOUNT 


ot over Uiabilitioe ou 

1st July. 1905 

1,000 

Nut. losH nu trading from l.st July, 

1005, as per bonkH of business . . 

221 

Doficieiicy us per Statoiiiont of ufTairs 

527 

Bad debts as per scliodulo 

273 

£1.527 

Exia'iises iiuiurrod since Ist July, 
1005, other than trade exponsns, 
viz., housohold ex}>«nsort of self 
and wife 

Other Li>ss<*s and Expenses ; 

(Jo}>per mine sliares 

1 . 0 K.S on hills diseouiitrxl 

Losses hy Stock Exchange spoculatioiiH 

360 

40 

100 

633 

£1,527 


If the Official Receiver icports that the dtibtor 
has been guilty of certain offences the Court will 
either refuse the dis(;harge or suspend it for not 
less than two years. The principal offences 
which will entail thi.s corusequenee are inability 
to pay IDs. in the £, trading with knowledge of 
insolvency, speculation, failure to keep pro£)er 
business books, fraud, and previous bankruptcy. 
If the discharge is granted the debtor is relieved 
from all liability for debts incurred prior 4o the 
receiving order but for one or two unimportant 
exceptions. A bankrupt who has not obtained 
his discharge is not allowed to contract a debt of 
£20 without disclosing the fact that he is an 
undischarged bankrupt. If ho should do so he 
renders himself liable to imprisonment. 

Compositions. To go back a short dis- 
tance, it should bo mentioned that the debtor 
sometimes brings forward at the meeting of 
creditors a scheme of arrangement or a proposi- 
tion to pay a composition of not less than 78. 6d. 
in the £ in consideration of being discharged 
from his liabilities. If the proposal is approved 
by a majority m number representing three- 
fourths in value of the creditors who have 
proved their debts, it is brought before the Court 


him upon being paid the amount of the valuation. 
When no trustee is afjpointcd at the meeting, the 
Official Receiver acts in that capacity. 

Trustee's Accounts and Release. 
Accounts have to kept by the trustee, showing 
th(^ realisation of the estate, and the manner in 
which the proceeds are dealt with. The accounts 
are audited twice a year by the Board of Trade. 
When the trustee has realised all the assets 
and distribnUd the sum available, he applies 
to the Board of Trade for his release as trustee. 
He must give notice to the creditors of his in- 
tention to do so, and send to each of tliem a 
summary of his receipts and payments, showing, 
on the one hand, the amount the assets have 
realised OvS compared with the estimate })laced 
upon them in the statement of affairs, and, on 
the other, the manner in which the amount 
received has been expended in payment of court 
and other fees, law costs, remuneration, and 
dividends to creditors. The Board of Trade 
audit the accounts to the close of the trustee- 
ship, hear any objections by creditors to the 
granting of the release, and cither grant it or 
refuse it until the trustee has complied with their 
requirements. 

. J. F. G. PRICE 
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GROUP 25-MATHEMATICS * THE BASE OF ALL THE SCIENCES-CHAPTER 17 


Simple Brackets. Simplifying Expressions in Brackets. Multiplica- 
tion of Simple Expressions. Examples and Answers to Examples. 

MULTIPLICATION IN ALGEBRA 


SIMPLE BRACKETS 

18. As already explairuMl, an expression that is 
to be trcateil as a wliolo is put betwt^en lu'aekets. 
If wo wish to (ififf t\io, exju’ession to some other 
expression, we may enclose it in biackets and put 
the sign 4- before the Imiekets. 

Thus, a h + {2a - h) nusins that 2a - /> is 
to be added to a -1- /v. But we know that to add 
an expression to anotliiir, we simply Avrite down 
all its terms, with their signs unehang(‘d, after 
tlie other expnjssion. 

It follows, then, that if a pair oj bracket a is 
preceded hff the sign j- , the brackets ttuig be 
uinitled. 

Again, if we wish to subtract an expressirm, 
we may enclose it in l)raekets and jirehx the 
sign — . But, to subtract an expn'ssion, wo 
wi'ite down all tin* ti‘rms. with their signs changed 
[Art. 16.] 

Therefore, when a. jxiir of brackets is preceded 
bg the sign — , the bnu'kets mag be omitted if we 
change the signs of all the terms between the 
bnu'kets. 

Thus. aA-h - {2a — b) is ecjuivalent to « -|- b 

2a f b. For, the terms in the hrfiekt'ts arc 
I 2a and - h, and, if we omit tlu* hrackids, 
we must eliange these into - 2a and f b. 

19. (yonvers<dy, Ave have 

Any nuinb(;r of t(‘rms of an ('xpression may bo 
onclosi'd Avithiii hraekids Avith the sign i pre- 
fix! 5d, th(^ sign of every tm’m remaining unalttu'ed. 

Any number of terms of an ('xpr(»ssion may be 
enclosed Avithin braekets with the sign — pre- 
fixed provided thi^ sign of ev-ery bwm put 
between the brackets fw changed. 

20. In simplifying an expression wliich has 
brackets placed Avithin brackets, it is best to 
begin with the inniM’inost pair, applying the rules 
given in Art. 18 to the removal of tuudi pair. 

Example. Simplify the expression 

2b ~ \a-2a \ b I {b - a- { — 2b 4 ‘la)}] 

The expression 

■ 2b - [a 2a - b^- \b-a -\ 2b 'da\ ] 

2h -la-2a-b-hb-a 2b - lia | 

^ = 26 - a 1 2a + 6-6 a - 26 -i *Aa 
— Ha A ns. 

Explanation The vinculum and pair of 
brackets ( ) contain no other brackets, so avo 
remove these first. 'Fhe sign before the vinculum 
is therefore the terms under the vincuium, 
viz ^ + 2a and t 6, will become - 2a and - 6 
when tile vinculum is removed. Similarly, 
since there is a - sign befon^ the brackets ( ), 
the terms - 26 and }- 3a Avill become f 26 and 
- 3a when the brackets are removed. We m'xt 
take the pair { }, simply having to write down all 
the enclosed terms, with their signs unaltered. 
We now remove the pai*’ F ]♦ by changing the 


signs of the (uielosed terms, since a — sign 
precedes the bracket. Finally, we collect the 
like terms. 

EXAMPLES 3 

Simplify, by removing the bracke ts and colleot- 
ing liki" ti'i'nis 

1. 2a -[6 -{a (26 i- a)i) 

2. 3.r - L* t- (1 - -Tr ~i)M_ 

3. an- 6 — I (c-a)4 [26 a l rj) 

4. -;-(l-l i\>)l-Li^4 {1 (24 3)}] 

5. \,r - 3.1-' - (.r- -I x - - I- x* 

-(3.rM-.r^^f 1)11 

6- f .1--) -1.U I 

MULTIPLICATION 

21. Fn Arithm(‘ti(5 [Art. 16] the multiplication 
of oiP‘ Avhole numhtu* by another was delim'd to bo 
the sum of as many n^jictitions of the one nuinbiu’ 
as there are units in th(» othi'i* number. 12 > 5 
means that wo are to add togetluT 5 re])etition" 
of the number 12. We saw, hoAvever, on reach- 
ing fractional (piantiti(‘s [Art. 82J that we had to 
pul the definition in another form, viz., to multi- 
ply one number by another Ave do to tin* one 
what Ave do to the unit to obtain the olh(*r. 
Thus, if AAUi multiply 3 by 4, the dtdinition states 
that since 3 is 1 1 4 1. therefore, 3 x 4 is 

4 ! 4 I 4. 

By means of this definition Ave can find a 
meaning for multiplication by a negative 
(jiiantity. Suppose we Avish to multiply 3 by - 4. 
To subtract 4 is lh<' same as sulitraoting four 
units in succession, i.e., 

--4 - _] _i _i_ 1. 

Hence, )>y definition, to multi|)ly 3 by - 4. 
AVe must subtiTiet .3 four tim<‘s in succr.ssioji, i.e.f 
;}v(_4) 3 3-3-3 -12. 

Similarly, Ave can multij)ly-3 by -4. 

For 

3 - - 1 - 1 - 1. 

Therefons 

(-4)x(-3) -(_4)-(-4)-(-4) 

4 I A 4 4 [Art. 18] 

i 12. 

W(* can proceed in the same way with any 
other ([uantities, Avhether whole numbers or 
fiactions, positive or negative. Hence, we see 
that 

(i.) a X 6 a6, 

(ii.) a X ( - 6) - - a6, 

(iii.) { - a) X h — -a6, 

(iv.) { - a) X ( - 6) ~ I ah. 

These four results arc usually stated thus; 
Like signs give.-\-, intlike signs give — . This is 
the Law of Signs. 


ARITHMETIC, ALGEBRA, EUCLID, GEOMETRICAL DRAWING, TRIGONOMETRY 
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22. It was proved in Arithmetic that 4x5 

= 6x4, and that A x -1 = But 3 x 4 

5 11 5x11 

=^4x3, and 6x11—11x5. Hence 

3 V 1 ^ f X ?- 

'5 11 11x5 11 5* 

Therefore, for poRitivt values of a and 6, 
whether a and h are whole numbers or fractions, 
we have 

a'X. h X a. 

But the result of Art. 21 showed that the 
ahsohUe value of the product is independent of 
the signs, so that ah = ha is true for all values 
of a and b, positive or negative. 

It easily follows that 

ahc — a X & X c — (a X 6) X c 

— {h X a) X c -= h X a X c — hac. 

In the same way we get ahn ac6, and so on. 
Hence, the factors of a product tnay be taken in 
anj/ order. This result is called the Comtmdative 
Law, 

23. From our definitions of power and iiulex 
we have 

- aun and aa'ia 
X a'* - aaaaaaa - a" = a'* * 

Again, 

5(4 X oCt'' 

s= 5 X a X 3 > : a \ a 

s=s ICmm, since tie* factors can bo (aken in any 
order 

= 15a‘ - loa'- 

Thus, the inde,v of the jirodnet of two powers 
of the mm,e Utter is equal to the ,su7}i of the indices 
of the factors. 

This result is called tin* Index Law. 

24. Making use of the law of signs, the com- 

mutative law, and the index law, we are now 
able to find the prodtictof any expressions, 

i.e.f expressions which contain only one term. 

Example 1. Multiply 4x‘i/ by 3,ch/-. 

4x\t/ X — 4 X .3 v .r • x x y x ?/-, by 

the commutative law 
= l*2.r-' ‘ ‘ by the index law 

~ A ns. 

Example 2. Multiply Ixyz^ by - 2:r-y, 

Ixyz^ X ( - 2ur-jf/) - - (Ixyz- x 2.r'-//), by the law 
of signs 

= -7x2 X X X x-xy xyxz\ 
by the commutative 
law 

= — 14ad ’ - y* by the in- 
dex law 

= - A ns. 

We flee, then, that the result can be written 
down at once, without putting down all the 
steps shown above. Wo (i.) write down the sign 
of the product ; (ii.) multiply together the 
numerical coefficients ; (iii.) wTite each letter that 
occurs, the index of its power being found by 
adding the indices of that letter in the factors. 

Example 3. Find the continued product of 
3a> 26c.-, and - 4ao, 

( - 3«^6) X ( 26c ’ x ( - 4(tc) = 24a^b'C^ Ans. 


In determining the sign, we see that the sign 
of the product of the first two terms is - . The 
sign of the product of this result and - 4ac 
will therefore be +. 


EXAMPLES 4 

Multiply 

1. 4a‘-* by 7a®. 5. - Ilea by -^4a5. 

2. -3x^ by - 4x. 6. 2a^6«c by - a6c®. 

3. xy by - 2.r.y. 7. cibx by bey. 

4. Sabc * by - 2a^c. 8. • 5c:r by - 4. 

Find the continued product of 

9. 4a6, -3ca, 56c. 

10. - d^eXf 26V, 3ac. 

11. — x^yZf — — X. 

12. Gibyz, —Ac^xy, 2bz^f ax*. 

If x — - 2, // = 3, 2 = 0, a = - 1, find tli * 
value of 

13. 2ax*y. 

14. Cid-y'\ 

15. 3.r// A- 4//‘-2 - 5a'*. 

16. (2.i* 4 3/)^ - 3 {d^ 4- z^). 

17. 2ax - {3x*y - 4xyz - o'*}. 


18 

19. 


Vfia.r'V/-. 

/ 0“ -\ XU 


20. \'V'.a,\’'y ^12oV//^. 

Answers to Algebra 

Ex.vmj’i.ks 1 

1. 30^-3.3.3-27 Ans. 

2. tahe' 4.3. 1.2.2 . 48 Ans. 

3. a* 6'* -I- (- 3abe - 3^* -f- T* i 2* -33.1.2 

:^27 I- I 1 H- 18 3r,- 18-^ 18 Ans. 

a ih-r. . S 4 1-2.. 2 I . 

,rr7-fe ! 2-1 4 2 ^ 

5. hi hV - ]n l>f 1 . 0 . I . K - J . 27 . 1 . 2 
=• .‘Ki- IS 18 


6. 4 4.:' 3T!/ t- 4.”.i 

= ,.772 h’27+ 1- - lit Am. 


7 .-.A'V/ _ 

■ ■ A ' I 


t/;j.«.i{.4 


8. .^/x + i./x t- 4i/' Tz' — + 8. 

V« + 4.!>T7TI- V* I :i!i-l-? = 3.V42' 
= 3 . l/->4 :> ^ 10.i Am. 

9. When a: = .% x-‘-Tx + 12 -- 9 - 21 )- 12 ^ 21 

-21 ^ 0. When x =4, - 7*+ 12 = 16 - 28 

+ 12 28 - 28 = 0. When x^d, x^ -Tx+ 12 

- 2.5 - 35 4- 1 2 = 37 - 35 ^ 2. 


10. (ad + be)- - 2 (2a'^ - 36'') + (c-d - 2b)^ 
= (0 + 2)3 - 2 (32-24)+ (0-4)3 = 4_i6 + 16 
= 4 Am. 

Examples 2 

aft + c J + 6c. 6. - x' - 8j^t/ + Sxy* — y'. 

а. -2jr' - *3 + * + 2,. 7. - la - j'i.ib + Jc. 

8. ix-j/-h Iz. 8. -7o< + 3a3+a3 f 3a-4. 

4. - 2'»»3 _ 2 «3j.\ 0. r’ + 4*3 + 2.* - 2. 

б. - 2oft ^ ^ + 4bd. 10. 4 - 32/ - 4y3 + SifK 

■ Note. — The answer to Exaini)lt‘8 12, No, 
(page, 1200), should road as follows: 21 '023636 
- 9-3893 = 12'63439770274324'f. 

H. J. ALLPORT 
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thm‘ «»r t'( iir van*.*tjc;s of tjeysers, and tills diagram explains the intermitt ent type. The left-hand picture shows 
tlie teiiiporaiily ((ui«“<eent stajic. lieannj? in n mil that the boilinK-iK)int of water, lili K. at sea lev<*l, increases witli 
the depth, it (‘aii <‘a^ily he understoml that a body of hot w’ater aseein'inu from below, nd much alaive 212 , is preventer 
from Kcneratiim steam by the eohimn of cooler water in the tube ab< -'o it and by the ..dded atiuospjierie pressure, Itiit 
this very hot water ura lually aseemls tlnr tube until it reaches a joint at which st ^ani can 'renerate. For examph’. 
wlu*n the water tilteriim in below is 2(W)' F., it annot Reiierate stea ii until it rcachc f(» about do ft. from the surface. 
Then the steam rapidl.\ produces the effect show in the rii;}it-hand picture, for deam < 'euiiies a s|)aee IbaO times tliat ot 
water, and the sudden expansion result iim from it generation blows out lii«li into i the it. eolnmii ot water above it. 
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GROUP 1-SUCCESS * THE SECRETS OF A SUCCESSFUL LIFE-CHAPTER 18 


The True Concetitlon of Good Manners and the False. 
The Sympathy and Understanding that Win Friends. 


MANNERS AND TACT 


T he late Professor Lecky, in the most 
practical and popular of his books-— 
his Map of Life ” — argues, with com- 
pelling convictiorf, that good manners 
and tact, if allied with sound judgment, 
lead to a success that is out of all pro- 
portion to the success which may be 
obtained by purely intellectual qualities, 
or even by imperious strength of will. 
Almost every observer of life on a wide 
scale will agree with him. The young 
man w^hose manners are, in Bacon’s 
phrase, “ letters of perpetual recom- 
mendation " has more than half w^on the 
battle of life. Emerson crystallised the 
case into a sentence : “Give a boy address, 
and you give him the mastery of palaces.’* 
Attractive manners, that spring unforced, 
as if from a man’s deepest nature, and 
fit him without a flaw, dissolve opposition, 
disarm evem envy, clear the way, ensure 
a welcome, and go far towards attaining 
whatever end is being sought. But the 
possession of such manners, and especially 
of the tact that com])letes them, is a 
complex problem, raising many curious 
questions, some of which may be men- 
tioned here with advantage. 

If perfect manners arc such a talisman, 
why is it that a considerable sec tion of 
the British working class, who are proud 
of their children and cherish ambitions 
on their behalf, not only do not recognise 
the helpfulness of good manners, but 
regard evidence of them with a feeling 
approaching resentment ? 

Some will say that this imputation 
is a libel. It would be a libel if it were 
applied to all, or to a majority. For 
there are working-class homes where 
gentlemen and ladies live, and bring up 
their children into nice ways, with kind 
feelings and an unaggressive self-respect, 
so that their manners will compare with 
those of the best-bred families in the 
land. And there arc also families who* 
absorb a tradition of good manners from 
association with people who have “ a 
heritage of long ancestral ease.” Some 
reared on great estates, for example, 
seem to be born into a graceful bearing. 


without being subservient or parasitic. 
But when large allowances have been 
made for the mannerly, a residue of the 
working class remains that regards good 
manners with a sort of surly suspicion, 
and by communicating the feeling to its 
children seriously handicaps them for 
life’s strenuous race. 

Why is this ? Positive excuses cannot 
be offered for such obvious unwisdom, 
l)ut some palliatives may be mentioned. 
When a tradition gets hold in favour 
of plain, blunt dealing, with a hearty 
dislike of fine ways, which looked oil 
as “ flummery “ that borders on deception, 
it is not easy to introduce a different 
ideal through the younger members of 
the family. Any change is felt to imply a 
rebuke to the elders, and their system of 
studied candour. The result is that there 
arc often two codes of manners, as there 
are two vocabularies — the contrasted 
manners and vocabulary of the homo on 
the one hand, and of the school on the 
other hand. Tlie young people grow up 
vacillating between tht'. two types of 
bearing and language. 

The writer once alighted at a rural 
railway station with a city football team, 
wlio, on the platform, in tlieir excitement 
w'ere speaking the local dialect witli such 
breadth and riclmess that lie lelt his 
loss, from a philological point of view 
in not having chanced to be in the carriage 
with them on the journey (uit. lie 
admiringly inquired wlio tliey were, and 
w^as told they were the Pupil Teachers’ 
hdrst Klei'en, on their way to meet a team 
of waterworks’ navvies. It was evident 
that in the match there would be no 
linguistic misunderstandings. 

If the adoption of a recommendatory 
standard of speccli and bearing be so 
difficult on the social level implied in the 
last paragraph, how much greater must 
be the miracle of forming a graceful and 
easy manner, with speech that is pleasing 
and no disadvantage, in the poorer homes 
from which many children come who 
have their faces set towards distant 
goals of success I 
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It must be remembered that many 
working-class people have few oppor- 
tunities of judging good manners as they 
are practised by men in whom such 
manners arc natural, instinctive, and 
wholly fitting. They see plenty of sham 
good manners that ring with a false note, 
'riicy know the pushing man whose 
jauritv air is a part of his business — a 
very unfortunate part, though he is not 
awiire of it. They know the sort of manners 
into which salesmen so olten fall, and 
wliich amount only to routine flattery 
with a purpose. 1'hey know the atrociously 
Ijad sup(*rior ” manners of people who 
arrogate to themselves a lofty position 
from which they survey the world with 
higli -pitched criticism, d'hey know the 
overbearing manners of persons in 
authority who, on occasion, “ whip up ” 
those serving under them. 

Th(‘se and similar types of manners, 
obser\'able in many who assume a position 
somewdiat above the ordinary person, 
do not commend themselves to plain, 
sincere peopl(i wliose independence sug- 
gests that they shall '' stand no nonsense.” 
And the instinct is sound, for the rough 
straightforwardness of ordinary workmen 
with each other is palpably more attractive 
than sham fine manners without inherent 
grace. This being so, can anyone wonder 
that a certain degree of suspicion attaches 
to the cultivation of a superior bearing ? 
Is it likely that tlie parents of clever 
boys born to comparative poverty, but 
bound at last to attain eonsiclerable 
distinction, will have sufrieient imagination 
and foresight to feel how great the 
advantage of really good manners would 
be to tlieir rhildren, and how' serious 
their initial deprivation is ? 'liie position 
ol the unhelpful parent is often natural 
enough from his own point of view, and 
calls for a large allow'ancc of charity. 

Are all good manners innate ? Or can 
they be acquired ? If so, how' ? The 
truth behind these inquiries seems to be 
that a gr(‘at deal can be done to train 
])Cople into good manners, but that in 
the end the success of the training depends 
on w'liether the character and disposition 
«are such that taste and kindness become 
instinctive, though at first they may have 
been overlaid by faults caught from unfor- 
tunate smroundings. Emerson probed 
the question to its inmost heart when 
he said, ” You cannot rightly train 
a man to an air and manner except bv 
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making him the kind of man to whom 
that manner is a natural expression.” 
Faults may be pruned away, obstructions 
may be cleared from the windows of the 
soul, but at best manners depend on the 
quality of the soul that looks forth. 

Of course, the early, insensible training 
of the home and school is the best for 
eradicating faults and establishing a 
sound ideal of good manners. It has been 
said that good manners cannot be acquired 
except by living with well-bred people 
from the first, but that assertion is 
much too sweeping. It does not need 
wide experience to find men with the best 
manner who were spoilt at home, owning 
to the inability of their parents to manage 
('hildren, but who, having the right 
material in them, though hidden by 
parental futility, were made into men at 
school. One lias heard a gentleman say. 
with remorseful truth, ” Wliat a cub f 
must have been when you first knew me ! ” 
I'urther, it is by no means impossible 
for a man who had no training at home, 
and no character-forming school ex- 
perience, to acquire a perfect bearing 
during a few^ years' experience in cultured 
cinles. Many a doctor whose manner 
coiistitut(‘s half his power was once poor 
and socially inept. 

But in all such cases of accpiirement 
of charming and convincing manners 
a swift and fine perception has been at 
work, taking a true measure of surrounding 
eircumstances and personalities, and feel- 
ing instinctively wiiat to avoid and wiiat 
to adopt. Men and w'omen with this 
gift of instant perception, particularly 
if they liavc .sweetness of disposition — 
for, as has been said, the saint is at home 
everywhere— make their own manners, 
and alw^ays make tliem aright. It may be 
so with the simplest and most uneducated. 
From the clarity of mind and heart of 
the wholly untutored may spring both 
charm and dignity. Still, the average 
person needs training in manners — at* 
home, at school, and possibly from his 
wife, whose perception, probably, is swifter 
than his own. Few are beyond improve- 
ment, and most of us need some pruning 
and stimulation. 

What part does etiquette play in good 
manners ? Observation from the point 
of view of fulness of years shows that 
etiquette is much more likely to be under- 
valued than overvalued by the man who 
is strongly making his way in the w^orld. 
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It can only be overvalued by supposing 
that it ensures good manners. Obviously 
it can do nothing of the kind. A man 
may keep sedulously every rule that society 
favours, and yet be a highly uncomtort- 
able creature to himself and others. 
Good manners only begin when all that 
the rules of etiquette stand for has been 
thoroughly absorbed and assimilated and 
the rules themselves are unneeded. They 
are valuable as a scaffolding for building 
up a sense of propriety, but while they 
are being consciously conformed to they 
hamper ease, for Bacon’s dictum respecting 
manners remains eternally true ; “ If a 

man shall labour much to express them, 
he shall lose their grace.” 

None the less, the rules of etiquette arc 
extraordinarily wise, and to undervalue 
them is a mistake, and often an imperti- 
nence. They are the seeding of the 
wisdom and experience of society — a seed 
from which good manners readily grow. 
By these conventions society protects 
itself from the blundering of people who 
lack a natural sense of refinement ; and if 
the rules be closely examined tlicy will be 
found to embody an amazing amount of 
good sense and right feeling. If any 
temporarily accepted tenet is not found to 
work well, it is soon modified by that 
general social taste which somehow shapes 
the code of manners in use among the well 
bred. We hav^e only to watch in mixed 
society those who conform to accepted 
etiquette, and those who do not, to feel 
how useful - and, indeed, how genuinely 
attractive and graceful- fully assimilated 
etiquette becomes. Whoever disdains it 
loads himself socially with a heavy 
handicap that may spell failure. 

It is a certainty that the man, and still 
more the woman, who fails to appreciate 
the value of the everyday etiquette which 
holds the field among well-bred people, 
and who neglects to practise it, will be 
looked down on by many who, possibly, 
are intellectually inferior, and he may 
place not only himself but his friends in 
awkward predicaments. Only a very 
thick skin will carry one through life 
without discomfort in case social usages 
are disregarded. For example, the man who 
is beginning to be successful, but does not 
see why he should bother with points of 
etiquette, at once ” gives himself away ” 
to the servants in any house he may enter 
as a guest, and, though he may not care 
about that, the likelihood is that his host 


will be made uncomfortable. Indeed, the 
man who blunders socially with a 
heavy foot spreads a sense of distress 
throughout any circle where refinement is 
a common safeguard, and he is sure to 
limit his own opportunities of knowing a 
wider range of people whose acquaintance 
would be an advantage. 

If one were to try to find the most central 
of all words of warning in aid of good 
manners, it would be a warning against 
exaggeration. The well-mannered person 
never courts conspicuousness, never poses 
in the limelight, but is simple, open, 
sincere, with the knack of keeping within 
measure. Such a person radiates good 
manners like a soft effulgence. The effect 
may be seen in outward forms like dress. 
Men and women who can carry off ex- 
aggeration in dress, whether showy or 
dowdy, are very few in number. There 
must be a strong undercurrent of conceit, 
or daring, or dulness in people who suppose 
they can be either ” loud ” or slovenly in 
dress and do themselves justice, unless 
they are geniuses altogether above mun- 
dane considerations. 1'he average person 
may well give some attention to that wise 
moderation and graceful fitness in dress 
which wins an instinctive acceptance from 
all onlookers. That is the true test of 
being well dressed. 

Emerson, who wrote more words of 
insight about manners than perhaps any 
other philosopher, declared that though 
” the tell-tale body is all tongues,” it is 
the eye that is the finest index to behaviour. 
” A man carries in his eye the exact in- 
dication of* his rank in the immense scale 
of men, and we are always I(‘arning to 
read it.” And his conclusion of the whole 
matter was : ” When a youth looks humble, 
yet manly, I choose him.” That is a rule 
which the world instinctively follows. 

The crown of good manners is tact. 
Tact is good manners in smooth yet 
vigorous action. It is the happy art of so 
managing men that you put them at their 
ease, create a pleasing impression, and 
advance the object you have in vi«w 
without arousing any feeling of distrustful 
opposition. To do this one must have 
good manners to begin with, and follow 
on with all kinds of attractive qualities, 
for it demands perfect self-control, and 
therefore an unruffled temper, an in- 
stinctive understanding of varied character 
that can only be gained through strong 
and swift natural sympathy. ; and to be 
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really effective it must be backed by great 
strength. Tact has been well character- 
ised as the finest of the fine arts. 

In the book already mentioned, Mr. 
Lecky makes a careful analysis of tact 
and trac(‘s its effects. The tactful man, 
he says, will gain his point without ever 
appearing to antagonise anybody. With 
greatly inferior intellectual qualities he 
will pass in the race of life the brilliant, the 
witty, the ambitious, and the energeti(' 
who lack his agreeable knowledge of men 
and their management. Tact shows itself 
as much in what a man leaves undone as 
ill what he d(X*s. It implies a perception 
of the finer shadings of character, and 
enables a man* to place himself in touch 
with a great variety of dispositions, and 
to cat('h tlie more delicate notes of feeling 
to which grosser natures are inscnsililc. 

Without mentioning names, Mr. Lecky 
suggests that some of the greatest positions 
in public life have fallen to men of mediocre 
ability, when men of far greater personal 
power wcie available, and the choice has 
been due to th(‘ confidence created by 
unfailing tact. In this connection ho 
develops the interesting theory that " the 
presence or absences of tins gift [tact] is 
one of the chief causes why the relative 
value of different men is often so differ- 
ently judged by conteiiqxjraries and by pos- 
terity -by those who have eomc in direct 
personal contact with them, and by those 
wiio judge them from without, and by the 
broad results of tlieir lives.” 'fliat is to 
say, Mr. J^ecky lield that men who gained 
great positions by the charm of tact have 
been ov'er-estimated as t(j tlieir inherent 
value to mankind by the men of tluarown 
day; and the historian, w^liose judgment 
is not warped by personal fascination, 
necessarily evanescent, is able to readjust 
the balance in favour of more original and 
potent personalities who lost the immediate 
rewards of popular favour ])ecausc they 
were angular and unaccommodating. 

The lesson of this historical estimate 
may be read around us in every grade of 
society, for perhaps the most palpable 
proof of the need for tact is to be seen in 
the universal unpopularity of men who are 
devoid of it. The tactless man may 
bristle wdth all the sterner virtues, and yet 
be unpopular to the verge of detestation. 
Everyone around may know he has these 
virtues, may admit them by word of mouth 
and in the secrecy of the heart, and yet 
be unable “.to stand ” his tactlessness. 
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Faults they will forgive, so long as they are 
the outcome of an errant nature, but they 
cannot bear to be perpetually rubbed the 
wrong way.*' And so the tactless man 
not only fails to make smooth his own 
path, but he positively raises obstacles in 
it by exciting the resentment of a multi- 
tude of plain people, who do not see why 
he should pusli his way through the world 
past them with barbarous angularity. 

Tact, also, has this great advantage — it 
secures faithful and loyal service. Wages 
will not do this, how’ever high they may 
be. They may quicken a man's self- 
interest into a better pace, but they do 
not control his actions from lus heart, 
'fhat is only done by the s|)irit in which 
men are treated, and the spirit that none 
can resist is that wLich finds honest (ex- 
pression througli tact. Such tact necxl 
not necessarily be suave and soft-spoken, 
for there are many w'ho always suspect 
suavity. It really depends on a sympatheti(‘ 
understanding of the person concerned, 
so that man speaks to man in the hum(nir 
tliat suits the two ; and out of that com- 
merce of spirits devotion is born. 

Probably of all positions held by those 
who serve, the one which demands the most 
tact is that of privates secretary to a public 
man who occupies a position of groat im- 
portance. Tlie secretary must always 
have a great deal of kiiow'ledg(^ w'hic'h 
iiiaiiy desire but lias no right to com- 
municate. Indeed, m) far from giving 
information, he must not even allow’ 
inferences to be drawn from liis manner. 
Yet he must not be repellent to those 
whose attitude is friendly, or even, for 
that matter, to the unfriendly. He 
should leave on all the impression not of a 
surly secrecy, but of being a genuine good 
fell(.)w, open and well disposed. If there can 
be a greater sign of tact than popularity 
while holding faithfully a position of this 
confidential character, it must surely be 
found in the. man who succeeds in 
extracting what he w^ants to know from 
such an expert in the art of genial and 
accomplished silence. 

The call for tact is made incessantly on 
each of us, wherever we move among our 
fellow-men ; and though no one can study 
his way into it, yet we may avoid the worst 
pitfalls of tactlessness if wc remember that 
it is only by realising habitually the point of 
view of others that we can have the genuine 
good manners which merge into tact. 

JOHN DERRY 
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Coastline. Mountain Systems and Tablelands. Roof of the World. Himalayas. 

River Basins. Inland Drainage. Climate. Isotherms. Rainfall. Political Divisions. 

THE GRANDEUR OF ASIA 


The Continent as a Whole. Asia, the 
largest of the continents (17,000,000 sq. 
miles), is surrounded by the ocean except in the 
west, where it is continuous with Europe. The 
frontier between the two does not correspond 
with natural features save in the Urals and 
Caucasus. 

Coastline. The northern shores of Asia 
are washed by the Arctic Ocean, with one great 
gulf, the Kara Sea, shut in to the west by the 
.island of Novaya Zeinlya, and smaller gulfs, 
where the north-flowing rivers form estuaries. 

The oastom coast is curiously symmetrical in 
the arrangement of its lands and seas. The lines 
of North-eastern Asia and the peninsula of 
Kamchatka, east of the Sea of Okhotsk, corre- 
spond closely in outline with (1) Amuria and 
Korea, east of the Yellow Sea ; (2) China and the 
Island of Hainan, ca^t of the GuH of Tongking ; 
and (3) Indo-(Jhina and the Malay peninsula, 
defining the Gulf of Siam. A sort of festooned 
fringe of islands extends from Kamchatka f o tlie 
islands of the Malay archipelago, separating four 
(moloscd seas from the main Pacific Ocean. 
These are (1) the Sea of Okhotsk, enclosed by 
Kamchatka, the Kurile Islands, and Sakhalin, 
and opening by the La Perouso Strait, Ix'twoon 
Sakhalin and the northern island of Japan, to 
(2) the Sea of Japan, enclosed to the east by the 
islands of Japan. The Strait of Korea in the 
south between the Kiushiu Island of Japan and 
the Korean peninsula, to (3) the East China Sea, 
enclosed on the east by the Lu-chu islands and 
Formosa. (4) The South China Sea is enclosed 
on the oast by Formosa, the Philippine Islands, 
and Borneo, the largest island of the Malay 
arehipelago. This archipelago, together with 
New Guinea, connects Eastern Asia with 
Australia, wliicdi many ages ago was part of the 
Old World. 

The southern coast of Asia Is washed by the 
Indian Ocean. Like Europe, it is broken into 
three south -running peninsulas ; (1) the Indo- 
China peninsula in the east, separated from (2) 
India, the middle peninsula, by the Bay of 
Bengal ; and (3) Arabia in the west, separated 
from India hy the Arabian Sea, which opens to 
the Persian Gulf. West of Arabia is the narrow 
Red Sea, separating Asia from Africa, and divided 
from the Mediterranean only by the narrow 
Isthmus of Suez, across which a ship canal has 
been cut. 

Mountains and Rivers of Asia. We 

have seen that Europe and Asia really form a 
single continent, and that the physical features 
of the two are continuous. Broadly speaking, 
Europe is a lowland in the north and a highland 
in the south, and those divisions are represented 


in Asia by the plains of Siberia in the north, 
and the mountains of Central Asia. South of 
the latter are a series of lowlands : Mesopotamia, 
or the lowland of the Euphrates, in the west ; the 
lowlands of the Indus and Ganges, or the plain 
of India, in the centre — both of which we may 
compare with the plain of the L*o at the base of 
the Central Alp^ — and smaller lowlands in the 
east, round the rivers of Indo-China. Beyond 
these loAvlands is the tableland of Arabia in the 
west, which may bn compared with Spain, and 
the tableland of the DoocaH, occupying the 
southern half of the Indian peninsula. 

The Mountains of Asia. More than 
lialf of Asia is over 1,500 ft. above sea level. 
Its v.'ist and complicated mountain systems, 
far greater in area than the whole of Europ 
arc the greatest highland area in the world in 
length, breadth, and height. 

We began our study of the central European 
liigUlands with the Fichtel Gebirge, and of the 
Alps with the St. Gottbard, and similarly, dealing 
with the immensely complieated relief in Asia, 
we shall begin by looking for a centre from which 
the principal mountains and rivers radiate. This 
wc find ill the Pamirs, where the frontiers of 
Britain, Russia, China, and Afghanistan meet. 
They form a dt^solaio plateau, some L50 miles 
both in breadth and length, which the inhabit- 
ants well call the Roof of the World. 

The Roof of the World. This is how 
the Hoof of the World is described by a travi^lh^r 
approaching it from the north. “ Aiiproaching 
thi.s interesting region from Kii'^hgaria, one sees 
clearly how it has acquired the name of the 
Roof of the World. The Pamir mountains rise 
apparently quite suddenly out of the plain, from 
a height of 4,000 ft. • above sea level at their 
base, to over 25,000 ft. at their loftiest summits, 
a massive wall of rocks, snow, and ice. Once 
through the gorges which lead up from the plains, 
one enters a region of broad, open valleys 
separated by comparatively low ranges of 
mountains. These valleys arc known as Pamirs, 
a term applied by the natives of tliese parts to a 
particular kind of valley. In the Hindu Kush 
and Himalaya regions tlio valleys, as a rule, are 
deep, narrow, and shut in. But on the Roof of 
the World they seem to have been choked up 
with the debris falling from the mountains on 
cither side faster than the rainfall has been able 
to wash them out, and so their bottoms arc some- 
times as much as four or five miles broad, and 
almost level. These Pamirs vary from 12,000 
or 13,000 to 14,000 ft. above sea level — that is, 
the bottoms of these Pamir valleys are level w ith 
the highe.^t summits of the Alps.” 
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b'or the greater part of the year they are 
buried in snow, but during the few weeks of 
summer there is a fair abundance of coarse but 
nourishing pasture, which attracts a few wander- 
ing Kirgliiz herdsmen and their flocks to this 
desolate region. 

The Pamirs as a Mountain Centre. 

From the l^imirs radiate the chief mountain 
systems of Central Asia. Those are (1) the Tian 
Shan, running north-east, in a direction which 
is continued by the Altai, Yablonoi, and other 
mountains which form the northern rampart 
of th(^ mountain core of Central Asia. From the 
northern valleys of this rampart, wliieh slopes 
to the vast plains of Northern Asia, descend the 
rivers of Siberia - the Ob, Yenisei, and Lena — 
while the grciat Amur, flowing ofist to the Sea of 
Okhotsk, gathers up the waters of the southern 
and eastern vallejipi. Between (1) the Tian Shan 
and (‘J) th(i Kwcnlun, the next well-delincd system 
radiating east from the Pamirs, are enclosed 
till' Tarim basin and tlie tableland of Mongolia. 
Besides forming the southern wall of this plateau, 
the. Kweiilun is, as it wore, a natural stair 
leading to a still loftier plateau, whose valleys 
lie but a few thousand feet below the summits of 
its highest peaks. This is Tibet, tin; highest 
inhabited land in the world. The next system 
is formed by (.‘1) the Karakoram, or Muztagh 
.Mountains, and (4) the mighty Himalayas, the 
most impo.dng systcun in the world. Its northern 
ranges form the southern rampart of the Tibetan 
plateau, whih^ the southern descend steeply to 
the plains of India, 20,000 ft. or more below. 

The Himalayas. No words, or even 
pictures, can give an idea of the wonders of the 
Himalayas. 8e(m from the plains of India, they 
consist, of low hills, not over 2,000 ft., with 
ranges behind rising to 8,000 or 9,000 ft., and 
b(*hind these again, to snowy summits, over 

25.000 ft. At the base lies a broad strip of 
malarious jungle, ealled the Tercai, with a heavy 
rainfall and oontinuous floods, so that the water- 
logged soil is pestilential with decaying vegeta- 
tion. Above this is the forest zone. 'Fhe ascent 
is very rapid. Tn 35 miles the railway to Dar- 
jiling, in the Sikkim Himalayas, climbs over 

7.000 ft. “ Tlie whole range may be described 
as a stupendous stairway hewn out of the 
western border of the Tibi'tan plateau by glaciers 
and great, rivers. It is cut into countless peaks 
and ranges, with valleys of corresponding depth, 
down which dash thundering torrents. The deep 
gorges of the rivers so interpenetr«ate the moun- 
tains as to carry a hot climate far along their 
banks, till the, semi-tropic vegetation becomes 
almost, overhung by snowy peaks.” This is true 
only of the valleys opening south to the plains 
of India. Those enclo.sed between the ranges of 
the Himalayas are as terrible in their desolation 
as in the wild character of their scenery. 

A Himalayan Road. Lord Curzon 
thus describes his march along the upper valley 
of the Hunza, a tributary of the Indus : “ The 
river cuts a deep gash or furrows an uproarious 
channel in its descent from the watershed of 
the Pamirs. Big glaciers propel their petrified 
cascades to the very edge of the river, ^me- 
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times the road is conducted round the edge 
of the precipices that overhang the torrent by 
artificial ladders and ledges, built out from the 
cliff with stones loosely laid upon supports of 
brushwood and timber jammed into the inter- 
stices of the rock. Over this vile stretch of 
country there are two tracks, the upper, or 
summer track, which avoids the river-bed, 
filled Avitli a fierce and swirling torrent, and 
climbs to the summit of the cliffs, several 
thousand feet above the water, and the lower, 
or winter track, which can only be pursued 
wlien the melting tlie snow by the hot summer 
sun is over, and tlie river dwindles to a numb(T 
of fordable channels, across and amid the 
boulder-pik‘d fringes of which the traveller 
picks his way.” Up very similar roads lay a 
great part of our Army’s ascent in 1904, by the 
gorges of the Sikkim Himalayas to the plateau 
of Tib(‘t above. They made their way through 
dense forests, with a hothouse temperature and 
tropical vegetation, through woods of oak, 
chestnut, maple, ash and elm, through open 
snow and sprinkled pine -forest, emerging at 
hist above the blazing rhododendrons which 
grow just below the snow line into open, un- 
dulating stretches of Alpine pastures, in full view 
of the great snow peaks. 

Peaks of the Himalayas. Only a 
few of tliese can bo named, for there are scores 
of peaks over 20,900 ft., presenting soim; of 
th(5 tin(‘.st scenery conceivable. Tn Kashmir, 
tlu’ough wbieli the Pamirs approached 

from India by the Hunza Valley, the peak 
most admired by travell(*rs is Nanga Parbat 
(2(),fl00 ft.). In the Himalayas of Nepal is 
Dhaulagiri (20,800 ft.), wliile the monarch of the 
Sikkim Himalayas is Kanehenjunga (28,200 ft.), 
surrounded by peaks almost as high. (’3iamalhari 
(24,000 ft.) greatly impresscal our troo]is who 
passed close below it in the Tibetan exjiedition, 
but the monarch of the Himalayas, as of llu' 
V orld, is Mount Kverest (29,000 ft.), first seen 
from the Tibetan side in all its grandeur by 
Kuro|[>ean eyes in the summcT of 1904. Hitherto 
the giant had been seen only from the south, 
aljuost completely hidden by the mighty peaks 
between. 

A Glimpse of Mount Everest. 

“ Towering up thousands of feet, a glittering 
pinnacle of snow, rose liverest, a giant among 
pigmies, not only on account of its height, but 
for its perfect form. To the east and west, 
but nowhere in its immediate vicinity, rise 
other great mountains of rock and snow, each 
beautiful in itself, but in no way comparing 
with the famous peak in solemn graindeur. It 
is difficult to give an idea of its stupendous 
height, its dazzling whiteness and overpowering 
size, for there is nothing in the world to compare 
it with.” Thus writes the first Englishman 
wlio saw it, settling for over the doubt whether 
still higher peaks might not exist on the Tibetan 
side. For the present. Mount Everest reigns 
as the uncliallenged monarch of the world. 

The Hindu Kush. Keturning to the 
Pamirs, to reach which from Mount Everest 
wo should have to cross Tibet and Kashmir 



GROUP 2 - GEOGRAPHY 



THE ROOF OF TUB WORLD 


by inmimerable passes thousands of feet higher 
than the highest summit of the Alps, through 
some of the grandest and some of the most 
desolate scenery in the world, w’e now continue 
«*ur examination of the mountain systems 
connected with the Roof of the World. They 
no longer run east, but west, interposing a 
mountain barrier hundreds of miles wide between 
the plains of India and the stcpiHJS of Russian 
Asia. They are known as (5) the Hindu Kush, 
the direction of which is continued west by the 
Elburz Mountains, at the southern margin of 
the Caspian Sea, to the liigh lands of Armenia, 
the centre of the West Asian mountain systems, 
and (6) the Suleiman Mountains, which run 
south, and form the western wall of the plains 
of India and the eastern rampart of the 
plateau of Iran, a smaller and lower Tibet. 

The Rivera of Central Asia. 
We can now fill in the rivers connected with 
the great mountain systems of which the 
Pamir plateau is the centre. The glaciers of 
the western valleys of the Pamirs and the 
northern valleys of the Hindu Kush give birth 
to the feeders of the famous Oxus, or Amu 
Daria, which leaps down through stupendous 
and often impassable defiles, between walls 
of bare, treeless rock, to the lowlands of Turan, 
whose dry sands it crosses to the land-locked 
Sea of Aral, to which also flows the Jaxartes, 
or Syr Daria, from the Tian Shan. From the 
north-eastern glaciers of the Karakoram, 


above which peaks rise to over 28,000 ft., rushes 
down the Yarkand river, which \initos with 
many otlicr raging streams from the Tian Slum 
and Kwenlun to form the l\arim. Tiie Tarim 
crosses the deserts of Ejistern Turkestan, and 
loses itself at last in the marslies of the dis- 
appearing lake of Lob Nor. Creator than either 
of these is the mighty Indus, which rises deep 
in the fastnesses of the Himalayas, its upper 
valleys forming a series of appalling detile.s, 
through which an inky torrent thunders at tho 
base of sheer walls of roc^k, many thousands of 
feet in height. It is turned south by the \vall 
of the Hindu Kush, and flows south-west at 
the base of tho Hindu Kush and Suleiman 
Mountains to the Arabian Sea. As it crosses 
tho plain of Northern India it receives many 
long tributaries from the Himalayas, tho 
greatest being the Sutlej, which has risen not 
far from the Indus itself, and broken through 
range after range of the Himalayas in its wild 
course to the plains below. A third river, 
rising quite near tho Indus and the Sutlej, but 
finding its escape along the Tibetan base of 
the Himalayas, is the Brahmaputra, whose 
course follows the direction of the Himalayiis 
till these begin to break up and bend south. 
Then the Brahmaputra also turns south, and, 
leaping do^vn the mountain terraces of Assam, 
flows at last to the delta of the Ganges. The 
Ganges is formed by the union of many great 
rivers, which thunder down in parallel valleys 
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from the southern slopes of the Himalayas, 
their sources not far, as the crow flies, from those 
of the feeders of the Indus and Sutlej, but 
separated from them by what arc, for man, 
insuperable barriers. 


The Mountains and Rivers of 
IndoaChina. In the wild and little-known 
ro^irions on the frontiers of Tibet and Eastern 
China, at the eastern end of the Kwenlun, we 
have another of those central points from whicth 
a whole series of mountains and rivers ra<liaie. 
Here the Hwang-ho, or Yellow River, of China 
rises in the mount,ain fastnesses of north- east (‘rii 
Tibet, leaps down to the plateau of Mongolia, 
and breaks away south across the North C’hina 
highlands, which spring from the eastern 
Kw'onluns and mark the end of that long line 
of elevation, running from west to east, which 
we hav<^ traced from (he shores of the Bay of 
Biscay to the eastern confines of Asia. Here, 
where it ends, internal convulsions have crunipk^d 
the Eartii's crust into complicated folds, which 
diverge jn all directions, north-east in the 
North China highlands, cast in the highlands 
which s(‘paralo the Hw^ang-lio from the 
Vangtse-kiang, the second great river of C.’hina, 
and south in the parallel ranges wdiiidi lie east 
of the Himalayas and the valky of the Brah- 
maputra, A whole series of parallel valleys, 
running first east and then south, are filled by 
the tributaries of tlie Yangtse-kiang and by 
the upper (;ours(*s of the rivers of Tndo-China, 
th(' lra\va<h, the Sal wen, and (he Mekong. 

The Armenian Highlands. To the 

highlands of Armenia, between the Black Sea 
and the Persian Gulf, converge (1) (hose moun- 
tains which continue the direction of the Hindu 
Kush and form the northern rampart of the 
plateau of Tran, and (2) those wdiich spring 
from the base of the Suleiman Mountains and 
are continued along the Persian Gulf to the 
mountains of Kurdistan, forming the southern 
rampart of the same plateau. From the 
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Armenian highlands diverge to the west the 
northern and southern mountain-walls of the 
plateau of Asia Minor, the latter known as 
the Taurus Mountains. The rivers of the 
Armenian highlands are the Euphrates and 
Tigris, flowing from the 
southern valleys to the Persian 
Gulf, forming in their low^r 
courses the plains of Mesopo- 
tamia, and the Aras or Araxes, 
flowing east, and separating 
Armenia from the Caucasus. 

The Mountains of 
Eastern Asia. Volcanic 
activity is very conspicuoiLS in 
J^astern Asia, where a broken 
chain of volcanic mountains 
runs through Kamchatka, the 
Kurile Islands, Jaj)an, theLu- 
chu Islands, the Philippines, 
and some islands (^f the Malay 
ar(d)ipelago, where disastrous 
manifestations of volcanic 
energy occur from time to 
time. 

Basins of Inland 
Drainage. Wo saw that 
one large river of Europe, the 
Volga, flow's, not to the o])ep 
sea, hut to the Isnd-locked 
Caspian, w hich cxicupies part of a great depres- 
sion wliich may bo traced as far as the Sea of 
Aral. Areas drained in this way to lakes or 
inland seas are called basins of inland drainage. 
\VV* have had other examples in the Amu Daria 
and Syr Daria, both flowing to the Sea of Aral, 
and in the Tarim, which lo.«es itself in the 
marslies of the vanisliing lake of Doh Nor. 
Tlu^ total area of inland drainage in .\sia is 
<*stiinated at 4,000,0()() square mih^s, an area 
greater than the whole of Kjiropo. 

The Desiccation of Asia. Lake Lob 
Nor is disapf)earing because it is gradually 
drying up. There is some evidence to shenv 
that the climate of Asia is probably slowly 
becoming drier. Not merely are some of the* 
lakes and rivens shrinking, but the desert sands 
seem to have invaded once fertile tracts. 
‘‘ Whole kingdoms have disappeared, many 
cities have been swallowed up in the sands, and 
certain tracts formerly accessible to travellers 
can no longer be visited owing to the total 
absence of water and vegetation.” 

Climate of Asia. We now know enough 
about geographical laws to find out a great 
deal about the climate of Asia. We have many 
data to go upon. In the first place, Asia 
stretches from about lat. 77° N. to within 100 
miles of the equator, which crosses the islands 
of Sumatra and Java. This gives every possible 
variety of climate so far as this is affected by 
itude. The regions round the Caspian and Aral 
Seas are below sea level, while Mount Everest is 
nearly six miles above it. This gives us every 
variety of climate so far as this is determined 
by elevation. Thirdly, the continent is enor- 
mously longer and broader than Europe, and 
on one side it is surrounded by the land masses 
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of Europe and Africa, so that no oversea winds 
can come from that quarter. Further, while 
Europe is broken up into peninsulas and inland 
seas, Asia is extremely compact; so that while 
})lace3 in the centre of Europe are only hundreds 
of miles from the sea, in the centre of Asia they 
may bo thousands ; and between them and these 
distant seas are interposed rangas of lofty 
mountains which intercept all oversea winds. 
Putting all these facts together, we should say 

(1) that the climate H)f Asia is very varied, and 

(2) everywhere extreme, but (3) most extreme 
in the centre of the continent, and (4) that, 
except round the margin of the Pacific and 
Indian Oceans, the rainfall must be scanty, and 
(5) that the interior must be practically a rainless 
desert. These conclusions present exactly the 
real state of the ciise. 

January Isotherms. In the maps which 
show the isotherms for January, we see the 
distribution of winter cold. We do not expect 
to find the great southward sweep of the winter 
isotherms which was so marked in the case of 
Europe, for this indicated a change from oceanic 
to continental climate. There is no such sharji 
transition in the case of Asia, which has the 
continental climate of Russia in a more inten.so 
form. The increasing severity of the winter 
cold as we go east ia indicated by a steady 
instead of a sudden dip southwards. The 
isotherm of indicating freezing-point, which 
we traced in Europe as far south as the Black 
Sea, <;rosses the Caspian Sea, the Upper Oxus, 
and the lands north of the Himalayas, and then 
(airvcs northwards through Korea, and north 
of Honshiu, the largest island of Japan. South 
of this line, which runs much farther south 
than the most southern point of Europe, 
are no continuous frosts in the 
plains, though any degree of 
frost may be experienced at 
a sufficient elevation. 

North of this isotluTiu frost 
lasts weeks or month.s, its 
severity and duration increas- 
ing as we go farther north, 
higher, or farther into the 
interior. The line of 0° F., 
indicating 32'^ of frost, includes 
most of the north-eastern part 
of the continent, and this is 
not the minimum winter tem- 
perature in Northern Siberia, 
for at Verkhoyansk it is 
under — 60" F. South of this 
isotherm of 32" the comb in wl 
influence of low latitude and 
proximity to the sea is markedly 
felt. The isotherm of 60" is 
coniparativcly near that of 32", 
and the lowlands of Arabia, 

India, Southern China, and 
Indo-China have winters as warm or warmer 
than this. The winters of the southern low- 
lands of the three peninsulas are considerably 
warmer than the summers of the Thames V alley, 
which records prove to be one of the warmest 
parts (of the British Isles. 


July Isotherms. The summer isotherms 
show us, as we might expect, that the hottest 
summers ocjcur in the southern part of the con- 
tinental area proper, in which we may incjlude 
m<^st of Arabia, as the seas on either side are too 
narrow for cooling winds to develop. The true 
peninsular regions — the extreme south of Arabia, 
the Deccan, and Southern Tndo-Chinf\, — are some- 
what cooler, though, of course, very hot. Tho 
isotherm of (W, tlic summer temperature of the 
hotter parts of (Jentral lOurope, extends con- 
siderably north of Lake Baikal, hut sinks south- 
wards in Amiiria, and ])tisscs completely north of 
Honshiu. Even in the tundra the summer 
temperature is as high as 6(T’. As the winter 
temperatul^e of the same aiea is luan^^ degrees^ 
below freezing-point, the range of temperature 
which is exj)erieiieed is enormous, especially in 
the centre and east. 

Rainfall. Turning to the rainfall, we 
find that five great areas — (1) in Northern and 
Eastern Siberia, (2) in Russian Turkestan, (3) 
ill Chinese Turkestan, (4) in Iran, and (6) in 
Arabia — receive less than 10 in. of rain in a 
year, and are rainless deserts except where 
irrigation is possibh*. Those are surrounded by 
equally extensive regions where the annual rain- 
fall is under 20 in.~ as dry, that is, as the drier 
parts of Spain and Russia. The only well- 
watered regions are maritime (’hina, Tndo-China, 
and India south of the desert, round the Lower 
Indus. Parts of Southern China. North-ea.st 
India, Burma. Siam, and the Malay Peninsula 
have a very heavy rainfall, as have also the 
Western Ghats, the wc‘stcrn mountains of 
peninsular India, and the Malay Arcliipelago. 

The Monsoons. Some of these wot areas 
lie ill the equatorial belt of rain at all sea.sons. 


but much of the rainfall of Southern China. 
India, and a small wet area in South-west Arabia 
is brought by the summer monsoon, the nature 
of which has already been explained and illus- 
trated in the chapter entitled The Climat(*s 
of the World ” [pages 150 and 15 1 J. 
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The Bursting of the Monsoon. E^clus. 
the great French geographer, has finely described, 
the breaking of the monsoon. “ The' monsoon 
is one of the most majestic of terrestrial pheno- 
mena. The spectacle presented at its first 
approach may easily bo contemplated from any 
headland of the Western Ghats Avhich com- 
mands at once a view of the sea, the coast, and 
the mountaiii gorges. The first storm-clouds, fore- 
runners of the tempest, usually gather between 
t he fith and the 18th of Juno. On one side of the 
horizon the co])[)ery vapours are piled up like 
towers, or, to use the local expression, massed like 
elephants going into battle. As they move 
slowly towards the land, one half of the firma- 
ment becomes densely overcast, while not a speck 
sullies the deep azure in the opposite direction. 
On the one hand, mountains and valleys are 
wrapt in darkness ; on the other, the outline of 
ihh seaboard stands out with intense sharpness. 
The surface of the sea and river assumes the 
metallic hue of steel, and the whole land, with its 
scattered towns, glitters with a weird glare. As 
the clouds strike the crags of the Western Ghats 
the thunder begins to rumble, the whirlwind 
bursts over the land, the lightnings flash in- 
cessantly, the peals grow more frecpient and pro- 
longed, and rain is discharged in torrents. Then 
the black clouds are suddenly rent asunder, the 
light of day gradually returns, and all Nature 
is again bat lied in the rays of the setting sun.” 

Heavy downpours occur almost daily while 
tlio monsoon lasts, filling the dry river channels, 
and supplying abundant water for irrigation. 
The failure of the monsoon means famine 
and the loss of millions of lives. 

Natural Vegetation Zones. These are 
now familiar. In the north is the tundra, 
snow-covered and lifeless for more than half the 
year, but with a brief beauty of flower and berry 
ill Slimmer, when the wandering tribes find 
abundant pasture for their reindeer, and the 
flood eel rivers sw^arm with fish. Vast forests, 
penetrated only by tlie rivers and the thin ribbon 
of the Siberian railway, stretch between the 
tundra and the steppes of Central Asia, which 
pass into deserts in the rainless regions already 
spoken of. All these wo have seen more or less 
(levolopcd in Europe. What is new is the rich 
tropical vegetation of the monsoon Linds, wliich 
reaches its most luxuriant develoiiment in the 
magnificent fore.sts of the Mala}’' Archipelago, 
St{inley\s graphic account of similar fore.sts in 
Central Africa has already been quoted [sec page 
554], and the forests of Malaysia are, if xjossible, 
still more luxuriantly beautiful. 

Animals. It is probable that mo.st of our 
domesticated animals came originally from tho 
steppes of Asia, which are still the homo of 
immense flocks and herds, often belonging to 
w andering t ribes which follow them from pasture 
to pasture. Tho camel is used in tho desert 
lands adjoining tho steppes. In the mountains 
of Central Asia are many wild animals, including 
the great wild sheep ; the yak — an ox — is wild 
in the high pastures of Tibet, and is used as a 
beast of burden over the higher passes, some of 
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which are not far short of 20,000 ft. South of the 
mountain barrier which crosses Asia new animals 
are found. The buffalo is the draught animal 
in India and China, and in the former country 
and Indo-China the elephant is used for heavier 
work and for show occasions. Snakes and tigers 
haunt the jungle, the latter animal being found 
os far north as Korea. The forests of northern 
Asia are the home of many fur-bearing animals, 
and tho reindeer makes life of a sort possible in 
parts of the tundra. 

Political Divisions. The largest Asiatic 
Power is Russia, whoso dominions — 6,294,000 
square miles — stretch from the frontier of Europe 
to the Pacific Ocean. Its southern boundary 
runs east from the southern end of the Caspian 
8ea to the Pamir plateau, follows tho Tian 
Shan and other mountains bounding the Mon- 
golian ])lateaii, coincides with the Amur as far os 
tho Usuri, and then runs south along the frontier 
of Manchuria to tho Korean frontier. Conter- 
minous with Russia from the I'amir plateau 
eastwards is China — 4,278,0(X) s(|uare miles — 
which extends south to the Himalayas and 
the frontiers of .Burma and Indo-China, and west 
to the Ihieific. 

The eastern part of the Indo-China peninsula 
is French (256,000 square miles), and the re- 
mainder belongs to8iam (200,000 square miles) 
and Britain. The British dominions — 2,000,000 
square miles — are India, its eastward extension. 
Burma, a strip of the south coast of Arabia, 
Ceylon, the extreme south of the Malay Penin- 
sula, Hong-Kong and Wei-hai-wei in China, and 
part of Borneo. Afghanistan — 250, (X)0 square 
miles — lies betw^eeii north-west India and south- 
west Russia. Persia — 630,000 square miles — 
stretches betw^een the Caspian and the Persian 
Gulf, while Turkey (controls A.sia Minor, Armenia, 
Kurdistan, Syria, and most of maritime Arabit 
— 430, (KX) square miles. The centre and south- 
east of Arabia are independent. Off the coast 
of Eastern Asia is the island empire of Japan, 
including Formosa and Korea — 261,000 square 
miles. The Philippines belong to the United 
►States. The rest of the archipelago is Dutch, 
with the exception of the Briti.sh pos.sessions 
we have already mentioned. 

Races and Religions. Branches of the 
white race inhabit the Turkish, Persian, and 
Afghan lands and much of Russian Asia and 
India. The yellow or Mongolian race is pre- 
dominant in China and Japan. In south-eastern 
Asia w^e find the brown or Malay race. A boriginal 
peoples, not belonging to any of these, are 
found in many parts. The great religions of Asia 
are Mohammedanism, found from the Mediter- 
ranean to the Pacific ; Buddhism, chiefly among 
the Mongolians ; Hinduism in India ; Confucian- 
ism in China ; Shintoism in Japan ; and Chris- 
tianity among tho Europeans, who form tho 
minority in Russia, India, and Indo-China, 
though they are the dominant race politically. 
In most parts of Asia two or more religions exist 
side by side, and no exact limits can bo stated 
for any [see page 655], 

A. J. AND F. B. HERBERTSON 
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GROUP 3-ARTS & CRAFTS * THE GLORIOUS WORK OF MEN’S HANDS-CHAPTER 18 

The First Stages of Elementary Drawing. First Principles 
for the Artist. The Value of Accurate Observation. 

ELEMENTARY DRAWING 


T his courso of drawing is inte'ndcd for 
students who wish to become either 
artists, sculptors, designers, architects, enginecirs, 
cabinetmakers, carpenters, or craftsmen of any 
kind ; anyone, inddcd, who wishes to grasp the 
general principles of drawing w ill lind the course 
a<lapted for him. 

In the course is included freehand from tlie 
Hat and the rounci, the i)rinciples of object 
drawing, geometrical drawing — ])lane, solid, 
and as applied t o design, — brushw ork, memory 
drawing, and light and shade. It forms a basis, 
therefore, upon which anyone can specialise for 
whatever career in the industrial arts or sciences 
he may wish to follow. 

Drawing, the Universal Language. 

Drawing is a means of education, of (raining 
liand anti eye ; it qui(!kens the powers of 
perception and gives scope to the inventive 
faculties. It trains the eye to accuracy, and 
(lie mind to observation, attention, coinparison, 
reflection, and judgment. It is (he handmai<l of 
all industrial art and science, and shoukl be 
cultivated to the highest dc^gree. It is a 
universal language, and the shortest of shor(- 
hands. ITow^ of(en it is found that some simple* 
sketch explains very much more easily and 
(piickly than dozens, or oven hundreds of word.s. 
some idea (hat one f)orson w'ishes (o eonvey to 
another ! How' an illns(ra(ion helps to elucidate 
the text of a book \vc all know. 

The term “ drawing " is sometimes more 
parlicularly apjdied to the expre.ssion of form 
by line, sueh as is made with a ])en, pencil, or 
other pointed iiislrumcnt. But it is most 
important that a beginner should realise that 
there is no line in Nature. 

Nature's objects relieve themselves to the 
eye as spaces or masses that are lighter or 
darker in tone, or of colour varying with tht‘ir 
HuiToundings. Conse(piently, all expressiem of 
nat ural objects by line is a conventional render- 
ing. Thus in 1 tlie form or space within the 
conventional line is se})arated from the surrouiul- 
ing part of the j>age, and suggests to us a flower, 
wliile in 2 we have the form or shape of the 
flower given in mass, without any line. It is 
merely dark relieved against liglit, or black 
varying with white. This 7nass drawing is much 
better for realising or suggesting the form of 
the flower. 

Spaces and Lines. Almostevory beginner 
thinks only of the turns and twists of the line, 
if drawing from a printed outline copy, or 
only of the edges if using an object for .study. 
He is neglecting, of course, the most important 
part— the shape of the sjfxire inside the boundary 
lino or edge. If we change two words in a 
w(‘ll-known proverb, we get an excellent rule 


for drawing in any of its branches. This rule is — 
take care of the spaces, and the lines will take 
rare of themselves. The eye, in other words, must 
be trained to see form, and not merely lines aiid 
edges. By and by, the student will need to see 
time and colour as well. 

Many pu])ils find it much more pleasant to 
make drawings of cottages, trees, or living 
creatures, and, unfortunately, some attempt to 
]»aint in colour, hccuiiise it is so fascinating, 
before they know the elementary rudiments of 
<lrawing. Such mij-directed efforts can only 
end in <Usaster. The work is out of proportion. 
Ih(‘ perM})cc(ive is Avrong, the tones and colour 
are false, and the porfornianoe. in facd, is lacking 
in most (‘ssential }>oints. A drawing may he 
very neat, but if it does not give a true r<‘pre- 
seutation of the form of the object it is of no 
value. Again, a j)icturc may be carefully shaded, 
or even admirably coloured, but if the drawing 
is wrong the reprc.sen(ation must be always 
nn.'^atisfactorv. 

FREEHAND DRAWING. 

Freehand drawing is drawing done without 
mathematical instruments. The materials re- 
quired for it arc some cartridge pa])er. an HB 
or B pencil, a sharp knife, a piece of good india- 
rul)b<‘r, and (if (lie ])aper is not in the form of 
a book or a block) a drawing-boanl, half imperial 
size (22 in. by 15 in.), with some drawing pins. 
When more tidvanced, pen and ink or brush 
may be used. All tb(‘se are now so t‘heap that 
1 here is no excuse for working with bad materials, 
thus creating unnecessary dilliciilti(*s to be over- 
come. Then, too, some yoorl (*opies of leave.s. 
flowers, fruit, animals, common objects, and 
conventional ornament can be easily obtained. 
Natural leaves, flowers, shells^ stuifed birtls. 
and so on may be used to advantage as copies. 

The illu.^1 rations in this course are not 
necessarily to be used as copies by the student. 
'I'hey are too small, and are used h(‘rc for explain- 
ing the method to be adopted in learning to draw. 
The student must g<‘t copies for himself, see 
that they are carefully graduated in difliculty, 
and pradise a.s much as possible. 

Training the Eye to See. The })cncil 
should be sharpened as in 3, and not as in 4, 
and should be held lightly and at some distance 
from the point [3]. All sketch and block lines 
should be drawn lightly and freely, and not 
as if the pur])ose were to plough through th ^ 
paper. A soft, grey, freely flowing line should 
be cultivated early, and not a hard, wii“y, 
nobbly line. 

It is necessary that the student should keep 
well in mind that, ho must train his eye to .see 
correctly, and his hand to give true expression, 
us artistically as he can, to what he sees. It is 
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of little use putting down sometliing and rubbing 
it out, continuing these processes perhaps half 
a dozen times until the drawing appears correct. 
There must bo a definite impression in the mind 
before a line is drawn, and the pupil should 
endeavour to aim at the ideal of drawing every 
line correctly the first time. He should remember 
Ruskin’s atlvice to the young man who asked 
how he shoul i learn to draw. Kuskin sat down 
and look(^d for fiv^e minutes at the object for 
study. Thou he drew one line. After another 
five in'iiutes’ careful observation, he drew 
another line, and said to the young man : “ That 
is my fadvico to you on how to learn to draw.” 
Slow, tedious work, some will say, but not so slow 
and tedious as hnirning to play the scales in music. 
Ruskin meant that the student must learn to 
see before ho could hope to draAV, and correct 
sight cannot be achieved by a superficial glance. 

Study t h e p.. „ 

Copy. This train- ^ 
ingof the eye must | 
he persevered with ; 
assiduously. [ 

Through all stages, 
in order to render 
the pupil oaj)ablG 
of judging more ' 
complex tilings i 
his advanced stud- 
ies — such as the 
subtle changes of 
light and shade, 
and the beautiful j 

variations of colour ' 



A, F, G, H, he Avill see a shape as indicated in 6. 
It will now be ob.served that the width, DG, is 
very little less than half the length, AB. The 
points D and G are about equidistant from 
A and B ; also F is equidistant from A and G, 
whereas C is nearer I) than to A. Again, the space 
OF is smaller than DG. The distance GH is 
about one-third of GB, but DE is more than one- 
third of DB, and EH is rather less than CF. 
The student must endeavour to judge these 
proportions first with the qye alone, and then 
test his judgment by measuring. On no qcccnmt 
must he measure with a 'pencil or ruler first. 
Thi.s would be easier and quicker, and certainly 
the result would bo quite correct, but he must 
remember that he must train the eye to see. 
Judgment with the eye alone will, of course, 
bo more or less inaccurate at first, and the work 
will seem slow and tedious, but this method must 

be perseveredwit h 
if true progress is 
to be made. Each 
time the student 
will succeed more 
and more, until he 
will become siir- 
1 rised by the w ay 
in whiclihe can at 
once see the true* 
proportions. 

Features to 
Observe. Next 
direct the atten- 


i n nat u re — the st u- 
dent must perse- ^ I, i 


pe 

vere in the clo.se 
attention to detail 
and training of his 
tibservat ion. His 
judgment will be ; 
more certain, L 
and ho will find 
more pleasure 
ill his work. At the outset, 
should carefully observe the 
proportions of the <aipy or object of study — • 
how it is placed in its surroundings, its leading 
growth lines and ma.sses, the peculiar growth of 
the plant, the pose and action of the animal. 
He should not trouble at first about details, 
but should get the main facts correctly im- 
firessed upon his mind. 

Let us take now a dandelion leaf for study 
[5]. Lot it be pinned flat on a card or board, 
lor the sake of more readily observing it care- 
fully and intelligently. 

Some Main Points to Note. First 
note the general proportion between height 
or length, AB, and width, DG. At first 
glance the student will probably think the 
width is eonsiderabJy ]e.«s than half the 
length, but he would have been deceived by 
the numerous deep serrations. If a steadily 
curving lino is draAvn almost exactly through 
the points A, C, D, E, and another through 
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therefore, ho 
main general 


" j peculiarly shap(*d 
I lobes on each side. 

; Avith the deep .«er- 
■ rations betAvcoii. 

I notieing that one 
' of the throe lobes 
on each side is the 
largest, and a 
j subtle gradation 
in the size of the 
others. T h e 
doAAiiAvard direction of the characteristically 
shaped “ teeth,” from Avhich the plant gets 
its name (dent de lion), the gradually 
thickening midrib, with its secondary branch- 
ing veins, and the Avay in Avhich they groAv 
from it, should also l>e noted. Another 
important feature is the tendency of the side 
veins to run doAvn toward the base of the leaf, 
as generally happens. These veins are also 
nearer the loAi^er edge of each lobe. This thorough 
investigation shoAvs what a great deal Avould be 
missed in a superficial glance, and that there is 
method and regularity underlying apparently 
irregular forms. Observe most carefully, also, 
the decorative effect of the whole leaf, and aim 
to reproduce it. 

Having noAA" stored the mind with many 
facts, begin by draAving a central line AB, and 
the tAvo curved lines [6] — block lines, they are 
called — rigidly keeping the relative proportion 
previously observed. Block in the large lobes 
in their true proportions, carefully noting hoAv 
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far tho main serrations go in towards the mid- 
rib, and leave out the smaller serrations [7]. 
Now put in the largest secondary veins, keeping 
all lines faint yet visible, so that comparison can 
be made betwcei!N;he drawing and the leaf, and 
discrepancies corrected. Alterations can always 
be made more easily and quickly at this stage, 
with only simple block lines to deal with, than 
when the details are filled in. It would l>e best.v 
not to sketch in details at all now, but to draw 
them direct in the finishing stage, when they are 
more likely to have the desired expression w^hich 
rarely or never comes at first. 

Finishing. If all appears so far correct, 
partially rub out block lines, and finish with a 
neat, fluent, and expressive line, not necessarily 
one that is all the same thicknt^ss. The lines 
for the edges might bo stronger than those for 
the veins. There might, in fact, l>e varying 
degrees of thickness used at discretion. Do not 
forget in tliis finishing stage very closely to 
observe the natural leaf, in order to get true 
representation, and be especially can^ful to note 
tho characteristic shape of teeth and serrations. 
Tho finished drawing should now be like 5 in 
proportion and shape of details, but the line 
should bo more expressive and more artistic 
than can be rendered by a printed line. A really 
artistic hand-dra\^Ti line must always be more 
beautiful and expressive than a printed one, for 
there cannot well bo artistic feeling in a machine. 

Tho student should get other leaves or flowers, 
such as 8, 9, and 10, and go through the same 
process of observation in every case liefore 
beginning to draw, always trying to develop his 
perceptive faculties. 

For further explanation of tho method of 
learning to draw we will take a copy like 
11. This is absolutely symmetrical, and is a 
piece of ornament founded on the honeysuckle 
{anthemion) and acanthus loaf. Observe that, 
although the design is conventional, there is 
suggested a system of growth and radiation 
from point B, and that the design has a sense of 
unity, vigour, and stability, as well as a beautiful 
and subtle gradation in the size of subordinate 
parts. Though certain forms are repeated many 
times, there is no suggestion of monotony. 
This study of tho artistic side of a copy or 
object must be cultivated as soon as possible, 
not merely to add interest to the work but to 
increase the powers of perceiving the beautiful. 

The Straight Line. On the practical side 
is an upper (anthemion) and a lower (acanthus) 
portion. The greatest width, CD, is very nearly 
four^fifths of the height AB, and the spaces HK, 
KF, FL, etc., are nearly equal. Draw first the 
central line AB, say, about eight or nine inches 
long, 80 as to make a good-sized drawing. It is 
much better not to draw on a small scale, 
because freedom of pencil movement should be 
cultivated, and a better exercise in judging 
proportion can be made with a drawing of 
moderate scale. Do not rule construction lines, 
but practisq pure freehand drawing. V^en 
drawing the tine AB be careful to keep it quite 
verticAA otherwise the drawing, when finiwed, 
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will appear to he falling over, thus destroying 
the stability observed in the copy. 

One of our living artists has said that not 
more than one nerson in a hundred can draw 
upright lines freehand. This is quite true among 
beginners in drawing, because, through want of 
thought, they do not sit properly in front of 
their drawing paper, or they unconsciously turn 
the paper comerwiso. Tho uprightness of the 
leading growth line AB ought to be judged at 
tho start by noticing whether it is parallel to 
the right and left-hand edges of the paper. 

Having drawn AB correctly, do not draw a 
lot of horizontal lines, say, HN, KO, FG, etc., 
which would be getting merely mechanical 
accuracy and confusing the work with unnece.s- 
sary lines. Determine the greatest width CD 
by lightly marking where the points C and D 
should he, being careful as to how far down 
they must come. Next mark tho position of 
F and G, observing that the space FG is four- 
fifths of CD, and about midway between A and 
E. Then draw lightly and freely the block lines 
of tho large masses indicated in 12. After- 
wards draw the leading growth lines, and the 
secondary block linos [13], okserving carefully 
all tho time the relative proportions of the 
spaces between them. 

At this stage, again, compare the sketch with 
tho original, and correct any mistakes. Nearly 
rub out the construction lines, note the peculiar 
shape of tho serrations of the acanthus leaf, and 
the tangential junction of neighbouring lines of 
honeysuckle, and finish with a good fluent line. 

The Help of Museums. The student 
should continue practising similar copies gradu- 
ated in difiicuity. Ho might also study from 
casts of ornament, or from real sculpture in 
relief, or from woodcarving. Many fine speci- 
mens are found in museums, churches, and 
any interesting old buildings. A sketch-book 
should be carried in readiness for sketching 
any rare and beautiful piece of ornament, 
wJiich may l )0 useful for reference and give 
facility for practice. 

Almost everybody has a wish to be able to 
draw beasts and birds, and by this time the 
student should be able to draw' them from good 
flat copies, or better still, from the stuffed 
examples in museums, which make excellent 
studies if placed so as to get a profile view ; 
otherwise placed there is too much difficulty at 
first with foreshortening, a fiibjeci we discuss 
in dealing with object drawing. The method 
to follow in such studies is similar to that to bo 
pursued in securing general proportion of masses 
and block lines, although the latter should be 
more frequently straight ones. The pupil, how- 
ever, must assiduously seek for the pose and 
action of the creature. 

A New Field for Perception. Take, for 
example, a study of tho crow, as in 14. Ob- 
serve the general proportions and note the pose 
and action of the bird — that it is bending down 
as if to p^k up something, its legs in a 
charaoteristio attitude to enable it to do so, one 
•tretohed forward and the other partly raised 
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as if the bird were stepping forward. There is 
time to study all those things with the printed 
copy before us, but in the study of the living 
creature the pose or action is momentary, and 
only keen and rapid observation is of any 
avail to secure a true representation. 

This opens a new field in which the student 
should continue the development of his faculties 
of perception. Let him study all kinds of living 
creatures in action, and either mentally or in 
his sketch-book — or, better still, in both — ^jot 
down eaeli main characteristic line expressing 
the action. 

Drawing from Lrife. The first block lines 
for the study of the crow should be as in 15, 
the chief observations concerning the relative 
p r o p o r t i o ns, 
pose and action. 

It will bo seen 
that these block 
lines are chiefly 
straight ; this is 
to obtain more 
vigour, real ex- 
pression, and a 
suggestion of 
the anatomy of 
the bird in the 
finished draw- 
ing. 

It M ill, more- 
over, enable the 
student to de- 
velop a good 
s y s t e rn, by 
which, when he 
arrives at a more 
advanced stage, 
he can draw' tht^ 
human figure or 
any living crea- 
ture in any posi- 
tion. Proceed with the next stage as indi- 
cated in 16, clean up with the rubber, and 
finally draw with as expressive and artistic a 
line as }>o8sible, putting in any necessary details 
direct. The lines in such a study, as in studies 
of leaves and flowers, need not be all of one 
thickness, but should vary, giving strength to 
those lines which need it, A single stroke, even, 
need not be of the same thickness throughout. 
The linos, too, may be more broken, yet in such 
a way that there is no confusion, but the true 
representation of form or mass. 

Well-drawn representations of butterflies’ 
shells, and fish w'ill make good copies, but it 
would be much better if the objects themselves 
could bo obtained and used as studies. 

Pen and InK. As considerable progress in 
drawing with lead pencil ought now to have been 
made, it w ill be useful to make freehand studies 
with pen and ink. The materials required can 
be obtained at such little cost, and of such good 
manufacture, that the student need only be 
careful in the selection of them, in order to 
provide himself with very satisfactory materials. 
Artists’ black or liquid Indian ink are the best 
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inks, and the pen should be flexible, so that 
vaip^ing thicknesses of lines may be obtained 
easily and quickly. As regards paper, cartridge 
has too soft a sunace to give very good results. 
It is best to purchase some hot pressed 
Whatman’s or Old Water Colour Society’s paper, 
or, better still, some Bristol boards. 

In beginning to draw, sketch first with lead 
pencil the leading growth and block lines in true 
proportion, and then, without any preliminary 
sketching of details in pencil, proceed to finish 
with pen and ink, holding the pen so that 
perfect freedom of movement in any direction, 
and different thicknesses of lines, may 
easily bo obtained. Make all the lines as expres- 
sive as possible. The student should often 

study the 
pen-and-ink 
work of cele- 
brated men. He 
will often find 
good examples 
in the illustra- 
tions of books — 
by Walter 
Crane, Sir John 
Tenniel, and 
many o t h e r 
modern artists. 
.\mong the older 
masters, Diircr 
and Holbein 
may be men- 
tioned, and, 
altlioiigh their 
Avork is not all 
pure pen-and- 
ink draw'ing, 
much may be 
1 e a n t from 
them about ex- 
pression of line. 

It is good practice to draw direct w ith pen and 
ink without any pencil construction lines. 1’his 
still further develops the student’s powers of per- 
ception, because, kiiowdng that he camiot easily 
rub out ink lines, he is more careful to form a 
definite impression before drawing a single line. 

Lino drawing with a brush and Indian ink, 
sepia, is another good exercise. Tho brush is 
so flexible that many things can be expressed 
by it better than with pen or pencil. The brusli 
should be a sable “ writer,” and not too small. 
To learn what may bo done with a brush in line 
drawing, tho pupil should study tho many fine 
examples of Japanese work, in which great charm 
and skill are displayed. [Examples are given on 
this page and on page 2270.] 

If tho student has steadily persevered, in 
spite of difficulties and disappointments, through 
tne course we have taken together, he will have 
realised how exceedingly important it is to 
follow the advice about an intelligent, .searching 
observation of the whole object before he begins 
to draw. He must have in his mind an exact 
and clear impression, before he can hope to 
transfer truth to paper, WILLIAM R. COPE 
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The Voice and its Apparatus. Vocalisation and Speech 
Production. How Best to Use the Voice. Public Speaking. 

THE HUMAN VOICE 


T ueninq now to the important faculty of 
speech, wo will try, very briefly, to describe 
first the mechanical apparatus of the voice, 
then the production of air-currents, and the 
vocalisation and the articulation that produce 
speech, giving also a few hints on the use and 
management of the voice. 

Three Stages. The whole process culmi- 
nating in speech may be clearly divided into 
three parts. First, the production of the needed 
current and volume of air ; next, the production 
of sound ; and, thirdly, the moulding of this 
sound into words. For the first the lungs are 
needed; for the second, the larynx; and for the 
third, the mouth — i.e., tongue, teeth, and lips. 

The two former may be roughly compared 
to the common harmonium, where sound is 
produced by the wind being forced up from the 
air-chest below through the vibrating reeds 
above. There is, however, in the harmonium 
no further apparatus to form these sounds into 
words, and thus to correspond to the mouth. 
Moreover, for all the notes of the different 
octaves (say, three, which is the average compass 
of the human voice), no fewer than 3fi separate 
reeds are needed, whereas for the same compass 
in the human organ but one set of reeds is used, 
as there is a mechanism to alter it to all the 
different tones required. 

Construction of the Larynx. The larynx, 
or voice-box, is situated, as we have said, in 
the nock, and leads from the back of the mouth 
to the top of the trachea, which brings the air 
from the two lungs below. It is an open tube 
with a lid, and is about 3 in. long. The walls and 
lid are composed of cartilages. The largest is 
that forming the centre part of the tube, the 
thyroid, and is the least movable, the epiglottis, 
or lid, and other cartilages, to which are attached 
numerous muscles, being freely movable in 
various directions. 

Across the middle of the tube, from the front 
to the hack, are stretched two flat bands, fixed 
together at the front, but capable of being 
separated behind, where they are attached to two 
movable cartilages called arytenoid. When these 
two bands are brought together, they form a 
sort of flat drumhead, or septum, that shuts off 
the upper from the lower half of the laiynx so 
perfectly that even a drop of water cannot pass 
through, while, on the other hand, they can be 
separated so wddely that the opening is triangular, 
or, rather, the shape of a spearhead, the point 
being forward and the broad part backward. 
These bands are the true vocal cords, and the air 
that passes through the narrow chink between 
them is thrown into ripples or air-waves by the 
vibration of their edges; and these waves, when 
they strike on the ear, produce sound. The two 


vocal cords in the larynx, therefore, by their 
vibration, are the true voice or sound producers 
in the higher animals. 

The Vocal Cords. These are composed of 
elastic, muscular, and fibrous tissue, and are 
of a glistening white appearance, as may bo 
clearly seen by a small mirror placed at an 
angle in the mouth, and called the laryngoscope. 

Above them, on either side, the walls of the 
larynx make a sort of pouch, the upper parts of 
W'hich, bulging into the larynx, form two folds 
above the true vocal cords, and, as they slightly 
resemble them, are called the false vocal cords. 
They act, to a certain extent, as dampers or 
deadeners of sound, though they never actually 
touch the cords, W'hile the pouch between 
secretes a comsiderablo amount of glairy fluid 
which serves to lubricate the cords and keep 
them from getting 

Action of the Tongue. At the top the 

lid, or epiglottis, of the larynx, which is hinged 
in front and folds down backwards over its 
mouth, is fixed to the under side of fho back 
of the tongue in sucli a way that whenever 
the tongue is carrieil forward it is raised and 
opened, and when the tongue is carried back, 
as with food, it shuts tightly down, allowing 
all food and drink to pass over it and down 
the gullet behind. It closes over the larynx 
so completely that not a drop of W'ater can pass 
down into the windpipe. In breathing, as w'ell 
as in speaking or singing, it is, of course, always 
open, while in swallowing it is tightly shut. Wo 
cannot, therefore, breathe while W'o 8w’’allow, nor 
swallow while wo breathe. Such, then, briefly, 
is the construction of the larynx. It only remains 
for us to add that the whole larynx, as w^ell as 
the windpipe, lung tubes, and back of the throat, 
are lined with ciliated epithelium in such a way 
as to pass up into the mouth any particles that 
may settle upon them. In nearly all affections 
of the air passage this membrane is more or 
less destroyed for the time being. 

Voice Production. The voice is pro- 
duced by the rushing of the air through the 
narrow chink between the bands, or “ cords,” 
which can be plainly seen by anyone who can 
use the laryngoscope. On the other hand, 
these bands can bo seen widely oi)en and far 
apart during quiet respiration. 

The narrow'er the chink, the greater the 
pressure of the air as it passes through, and 
the higher the note produced. By the varying 
tension and approximation of these cords a 
range of sound extending on an average to 
throe octaves can bo formed. 

In the adult male the cords are nearly one- 
third longer than in the adult female. 

An imitation of the voice apparatus can be 
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made by stretching across the top of a glass tube 
two bands of indiarubber close together. If 
these are blown through with a certain force, a 
sound will be emitted, higher or lower, according 
to the tension. 

The action of the cords as well as the closure 
of the top of the larynx being regulated uncon- 
sciously, it would appear at first sight that we 
cannot do much voluntarily in arranging the 
production of the voice. Such, however, is far 
from iHjing the case. We can, in the first place, 
.see that the delicate structures are not in any 
way injured by our carelessness ; and, secondly, 
we can, by practice, regulate to an exact 
nicety the action of the cords so as to produce 
instantaneously the exact sound required. 

Breathing through the Nose. A great 
point in the care of the larynx is to breathe 
through the nose, and not through the mouth. 
The mouth is made for expiration, specially 
in speech and vocalisation, but not for inspira- 
tion, for which the nose is specially constructed. 
The mouth should be kept shut, but it is still 
]iossible to breathe through the 
nose with the mouth wide open 
when once the habit is acquired ; 
and, on the other hand, there are 
certain passages in singing where, 
owing to the elevation of the 
soft palate, breathing through 
the mouth is necessary. If the 
nose cannot be or is not regu- 
larly used as “the” respiratory 
passage, a doctor should bo con- 
sulted at once, as there is some- 
thing blocking the natural pas- 
sage — enlarged tonsils, adenoid 
growths, or some malformation. 

Care of the Voice. 

Sudden changes of temperature 
are extremely injurious to the 
vocal cords, especially after pro- 
longed use. Great care should 
bo taken by speakers and 
singers against chills or draughts 
of cold air after using the 
voice, and also after leaving close or heated 
rooms. A loose muffler over the mouth and 
nose when first going out is a wise precaution. 
Air too dry or too damp is also injurious in 
public speaking. Air, again, overladen with 
dust or smoko or fog is most injurious to the 
vocal organs, which must suffer, if the voice be 
much used under such circumstances. 

No loud speaking or singing should be per- 
sewored in if the throat be at all sore or relaxed, 
or if there be a severe cold in the head. Neglect 
of this is one of the common causes of clergy- 
man's sore throat. Of course, as we have already 
said, any definite chest affection, such as 
bronchitis, precludes all public speaking. 

Management of Expiration. So far, 
we have spoken of inspiration in connection 
with the larynx ; let us now consider, for a 
moment, expiration. 

We have already said this is to be carefully 
economised and none of the air wasted. The 
exit of the air can be retarded by the approxi- 
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Showing the glottis during emisBion of 
a high note 

1, Root of tongue 2, Epiglottis 
3. Posterior wail of pharynx 4. Rinia 
glottidis 6. True vocal cords 

6. False vocal cords 


mation of the vocal cords. But this, of course, 
raises the pitch of the voice or note. The secret 
of keeping at the same note and yet retarding 
the exit of the air is by the approximation of 
the false vocal cords above the true. This* can 
only be done, as we say, instinctively, or, rather, 
unconsciously, by practice ; and the retardation 
of the expiration, so as only to use what air is 
needed and keep some well in hand, is one of the 
Secrets of ease in speaking and singing. 

There should be no strain in singing or speech. 
Loudness is not necessary for force or beauty, 
but a good volume of air is. 

Pitch. The pitch in speaking is of great 
importance, not only to the speaker but to the 
hearers. With regard to the latter, it is not too 
much to say that the conveyance of thought by 
speech depends not only on the words, but the 
tone and pitch. It is wonderful what a power to 
sway thought a woll-pitchod and modulated 
voice possesses. Of course, in singing, the pitch 
is always considered ; but in speaking this is 
rarely done, though its importance to the 
speaker is as groat as to his 
audience. A wrong pitch strains 
the voice and the vocal cords. 
We all have for speaking what 
may be termed a natural pitch of 
voice, just as we have a natural 
pace for walking, and that is the 
pace or pitch which we can use 
with the greatest ease and 
without strain. 

Public Speaking. There 
can be no doubt that absolute 
ignorance of the simple laws of 
voice production still prevails 
even amongst our most constant 
speakers, and it is not much to 
the credit of the twentieth cen- 
tury that amongst large bodies 
of men such as clergy, barristers, 
etc., whose living depends very 
largely on their voice, many 
should fall .out of the ranl^ 
altogether, or, at any rate, suffer 
needless pain and misery for want of a few lessons 
on this most useful art. At Athens every 
student was taught how to speak properly and 
to use the voice with ease and effect, as being 
essential to health, quite apart from its special 
value to speakers. 

Wo have little doubt that for a child of a con- 
sumptive tendency there could not be a more 
healthful and curative — or, rather preventive — 
exercise than a thorough course ox instruction 
in voice production by a competent teacher. 
At any rate, it is beyond dispute that such a 
course should form an integral part of the educa- 
tion of every public speaker. This is especially 
the case with the clergy. They are the class 
whose vocal organs are most severely tried. 
The buildings in which they speak are often far 
more trying than concert-halls or lecture-rooms, 
which are built to carry sound. The vaulted roof, 
the long aisles, the cold, vault-like air at the 
early morning service, the close stuffiness of the 
crowded evening churoh, the incurable and ever 


present draughts^ are all bad. Worse still is the 
** pulpit voice/’ artificial and strained : it is bad 
for the larynx and throat, and wears them out, 
while a natural voice would continue in full 
vigour and tone. 

Articulation. Passing on now to the 
third part of speech production, that of articu- 
lation in the throat and mouth, we may point out 
that it consists of at least two processes. First, 
the moulding or shaping of the air-vessel into 
the various vowel pounds by the opening and 
closing of the throat, “ah” being sounded 
when the throat is open to its widest, and “oo ” 
when it is most nearw closed, the other sounds 
falling in between. Secondly, the cutting off of 
these sound waves into different lengths, to form 
words or syllables, by means of what are called 
consonants, which are closures 
and sudden openings that first 
stop and then allow of the pas- 
sage of air and of the vowel j 
sound by the closure of the lips } 
as in “m,” or with the tongue 
against the front of the hard . 
palate and teeth as in “s,” or v 
against the front of the hard j 
palate as in “ t,” onlv the opening ' 
of the fauces as in “k” or “g ; • 
and so on — each consonant giv- | ' 
ing a characteristic “ click ” or 
other sound of opening. 2 

Vowels alone are true vocal 
sounds that can be prolonged as 
long as the mouth remains in t he ' 
same shape, and as long as the 
current of air continues, the pitch 
being, of course, determined by g 

the vocal cords. t 

It is all important to enunciate ' ^ 

and articulate clearly ; all the y <?pcn^ 

vowel and consonant sounds z rihI Z'. Open-' 


It is ail important to enunciate ^ ^ words are quite 

and articulate clearly ; all the ^ a little distance, 

vowel and consonant sounds Z anU Z'. Open very wide tor KapiiiK The secret of easy public 
should, therefore, be carefully ®“yroia”Sniigo^‘ “Tri’anguiBr sp^^king is the understanding 
practised with the greatest cartilage to which vocal cords (4.) are of respiration so as to retard 
accuracy ; such practice, like all Axed 6, r^se v^i cordB 6. Inside it at will, the use of the right 

- of larynx ^ Wlml ft Pnint-. , , . . . . ” . 
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the tonsils, the removal of the same portion 
under surgical advice is of great value. The 
throat also must be in good order. 

Effect of Food and Drink. Food 
and drink greatly affect the condition of 
the lining membrane, both of the mouth and 
throat, and indirectly of the vocal cords. First 
and foremost is the abuse of alcohol. No one 
who speaks or sings much can indulge freely 
in alcohol with impunity, while in many even 
a small quantity is prejudicial, as the effect on 
the stomach and pharynx is distinctly bod. The 
very voice of the habitual drunkard speaks of 
the ravages caused by alcohol. In small doses, 
well diluted and taken with food, alcohol is not 
itself harmful to the voice organs when they are 
in health, but if they are diseased even a very 

.r* small quantity may do harm. 

f A Strong tobacco, especially in 

■ the form of cigarettes, is in- 

f ■ < jurious to the voice, 

r * Much hot tea, in the same 

way acting on the digestion, is 
! not beneficial to the voice ; 

J ^ cotfeo or cocoa, or (old tea, 
especially if not too strong, are 
, not harmful. It is not well to 
; use the voice publicly at any 
length sooner than two hours 
^ after a full meal. 

; Two great practical defects 
I in speaking and singing may 
be noticed. One is that the 
' mouth is often not suificiontly 
ox)encd, and the other is that 
fb® voice is often dropped two 
or thri'O or more tones in pitch 
towards the end of a sentence 
Ibe words arc quite 
lost at a little distance. 

jry wide for KapiiiK The secret of easy public 


other vocal exercises, is best ^ of 

done before a mirror. 

The Aspirate. The letter “ h “ is often 
an insuperable difficulty. It is, pcrhap.s, best 
overcome by expiring forcibly against a window- 
pane and adding some syllable such os “ at ” 
or “ ot ” to the expiration. The expiration 
is then gradually shortened till it becomes 
“hat” or “hot.”' 

Another difficulty is stammering or stutter- 
ing. In minor cases this is cured by slow, 
deliberate formation of each word until the 
habit is broken. More severe cases require 
special treatment, which is now admirably con- 
ducted. Nearly all are curable. “Take care 
of the consonants, and the vowels will take care 
of themselves.” 

For proper speech the teeth should bo complete 
in number and kept in good order. If the tongue 
is swollen or sore, or the tonsils enlarged, speech 
is difficult. In the latter case, enlargement of 


7. Wind pipe 
of gullet 


diet pitch, modulated tone, and 

the natural voice, avoiding a 
forced or artificial voice, monotones, and all 
strain. Speak in an erect position, eat suitable 
food, and retain as far as possible good general 
health and sound nerves. 

The “British Medical Journal” enumerates 
four special points on the right use of the voice : 

1. Thorough control of the motive power of 
the voice and breath. 

2. A proper attat-k of tone. 

3. The education of the resonant cavities of 
speech. 

4. The right pitch. 

With this consideration of the organs of the 
senses wo reach the conclusion of our survey of 
the human being from the physiological point 
of view ; and we shall now turn to a subject of 
vital concern in all our lives — the prevention of 
disease and the maintenance of the body in 
health. 

A. T. SCHOFIELD 


PHYSIOLOGY CONCLUDED 
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The Best Breeds of Goats. The Great Value of 
Goat’s Milk. Feeding. Goat<tarming for Profit. 

GOAT-REARING 


G oats arc less quiet and submissive than sheep 
are when under domestication, and their 
habits arc more erratic and more independent. 
Although typically mountain animals, and 
naturally living in flocks, they do not mind being 
separated from their fellows, and love, when pos- 
sihlfN a roaming life and opportunitic^s of climbing 
to groat heights among rocks. They are very 
sociable when living with man, and show little 
fear of their owners. 

The Poor Man's Cow." For centuries 
the goat was largely domesticated in the British 
Ish's, but with the extension of sheep and other 
im])rovements in agricultural practice the 
numbers gradually declined, and it is only of 
recent years that the economic importance of 
“ the j)oor man’s cow ” — especially for the work- 
ing classes, who often arc unable to obtain a 
supply of wholesome milk for their children — 
has been again recognised. 

B(‘sides providing a supply of nutritious milk, 
which is specially adapted to the requirements 
of children and invalids, otlier parts of the animal 
may be used for various purposes. Thus in 
certain countries the hair is clij)ped from the 
body and made into coarse cloth for tents and 
the like ; the skin is very valuable for the manu- 
fa(!tuni of leathiT, and jirovides the fine morocco 
leather of oommeriu^ ; the skin of the kid is 
further in great demand for making glov(?s of 
the finest quality. 

There is a ))rejudice in the ITnitod Kingdom 
against using tlu' flesh of the goat for food; and 
although in the case of older animals the flesh 
is somewhat tough, the kid is as delicate and 
digestible as lamb. 

Breeds of Goats. The goat is very hardy 
and can stand great vicissitudes of climate, 
although it is rather liable to suffer from 
exposure to extreme cold. Extending as it does 
throughout so many countries and climates, it is 
not surprising that we find great variations of 
form and character in the several domestic 
breeds in different parts of the world. Although 
horns are generally present, in certain breeds 
they disappear in one or both sexes. The hair in 
some cases is long, in others short. The beard in 
some breeds is very prominent, and in others it 
is hardly noticeable. The colour also may 
bo any shade from pure white to black, or 
patches of these two colours, brown sometimes 
appearing. The size and form of the body may 
also vary considerably. 

As in the case of pigs, the common goats in the 
United Kingdom have latterly been largely 
crossed with foreign blood, and the aboriginal 
breeds are therciforo being gradually superseded 
by animals for the most part of foreign ancestry. 
With regard to the foreign breeds, more care 


has been bestowed by the breeders in the past 
to develop their useful qualities than in the case 
of the British native varieties, and consequently 
the former are able to introduce many excellent 
qualities when crossed with British stock, 
resulting in increase in size, improvement in 
milking, and other desirable features. 

English and Irish Goats. The chief 
breeds or crosses found in the British Isles 
are the following. 

English Coat. This is characterisc^d by a 
short-haired and thick coat. The colours may bo 
black, white, grey, or of a brownish tint. The 
points of what is known as the English do not 
seem to be very well fixed, and Welsh and Irish 
blood are often apparent. Horns and a beard 
appear in both sexes. 

Irish Goat. This animal difTtu's from iha 
English in having a long-haired and somewhat 
shaggy coat. The colours are white or pied, 
som(‘times running into a red. Both male and 
female possess liorn-s which are largo in size, 
corrugated, and ])ointed. 

The Swiss Breeds. The Swiss varieties 
include thti following. 

Toggenburg. a liomless variety from tlu^ 
(canton of St. Gall, in Switzerland. It is the most 
appn^ciafed of the Swiss varieties in the Uniterl 
Kingdom, and has beenlargely used for crossing. 

Saanen. This white, hornless breed is much 
esteemed for its milking properties. 

Cross-bred Goats. The chief orossiis an' : 

AnglO'Nubtan. This is obtained by crossing 
with tht^ Nubian, a breed with pendulous ears and 
short, black, twisted horns. This cross is con- 
sidered one of the best breeds now in the British 
Isles. It may bo black, white, brown and black, 
or any mixture of these colours. The hanging ears 
of the African ancestor arc generally apparent. 

Anglo-To(3Genbijro. Thi.s is a cross betwet'ii 
the Toggenburg and the English. 

Both Anglo-Toggenburg-Nubians and Anglo- 
Toggenburg- Anglo- Nubians are also to be met 
with in the United Kingdom. 

The Advantages and Value of Goat's 
Milk. The principal object for which goats are 
kept in the United Kingdom is for the production 
of milk, and much attention ha« been paid to 
improving the milking powers of the principal 
variotes. The introduction of classes for milch 
goats into agricultural shows has had a beneficial 
effect, and good milking strains are being evolved 
and careful pail-records made. 

The chief advantiiges claimed for goat’s milk 
as compared with that from the cow are : (a) The 
milk is of better quality, sometimes containing 
nearly twice as much butter fat, and it is also 
very digestible ; (6) the goat is practically im- 
mune from tuberculosis, and therefore there is no 
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tear of contamination in the milk supply ; (c) 
the milk is produced under the most cleanly 
conditions, as the goat does not get fouled with 
manure as in the case of the cow, and the animal 
can also be easily washed. The figures in the table 
taken from Konig^are of interest, and show the 



rURE-BRED ENGLISH GOAT 
superior quality of goat’s milk as compared with 
human or cow’s milk. 


COMPARATIVE FIGURES SHOWING AVERAGE 
COMPOSITION OF MILK 


Human 

Cow 

87-17 

:l-(19 

3- 55 

4- 88 
0-71 

Gout 

8.5-71 

4-78 

4*29 

4-40 

0-7(» 

Water 

Fat ^ .. 

Proteicls (llcsh-forinei H) . . 

Milk sugar 

Mineral matter 

87- 11 
:e78 

lV2i 

031 

10000 

100-00 

10000 

Total Sol U Is . . 

12-59 

~12^3 

14-29 


The milk seems to be of special value for 
delicate infants, and in some countries babies are 
fed directly from goats, their mouths being 
apjjlied to the washed teats so that they ‘ 
are able to suck for themselves. The 
results obtained by this method seem to bo 
all that can be desired as far as the health > 
and thriving of the children are concerned. 

Milk Yield. A good goat of a milking 
strain may be expected to yield two quarts j 

a day aher tho scc;ond kidding. A bi 
the llnited Kingdom have been known to 
yield a gallon a day. The yield, of course, 
gradually diminishes as time goes on, till 
the nanny is dry. A goat should give sixty 
gallons in the year, and an exceptionally K 
good one may do up to one hundred 
gallons, but this is very rare. In pur- 
chasing females it is wise to have a gua- 
rantee that they will give at least three 
pints a day at kidding. 

Breeding. The natural time for goats 
to breed is once a year, in the spring. 

With tho introduction of foreign blood, however, 
it is possible to get them to breed at other 
periods, so that a continuous milk supply can be 
obtained all the year round. Generally, two kids. 


though occasionally three or four, are i)roduced 
at a birth. For purposes of milking, most up-to- 
date goatkeop(‘r8 prefer the nannies to stand on a 
low bench, with their heads in a sort of guillotine. 

Feeding. As regards feeding, goats arc 
very cajmeious in the selt?etioa of their food, 
and do not gra/.e steadily, as do sheep, on 
the richer lowland pastures, but prefer 
moving about and cropping a variety of 
herbage as fancy directs them. Moreover, 
they are very fond of gnawing bark and, 
when they have a free range, of devouring 
tho tender shoots of shrubs, trees, and 
hedgt^s. They are theri'fore oft<‘n looked 
on as an unmitigated nuisance in highly 
cultivated districts, especially where much 
fruit is grown. 

During stall feeding in winter, goats are 
apt to be. wasteful, and hay and otluT 
food will bo picked over and trampled 
und(T foot unless care be taken to ])revent 
it. It must bo remenn bored that a variety 
in tho dietary is essential if w(* wisli to 
keep goats lioalthy. In summcT, grass in 
(conjunction with cut green fodder and 
waste from tli(3 garden, and peu-haps a 
small feed of oats at milking tiimc, will be 
sufli»;ieut. During wintiT, hay, rough bidder, 
roots, and an allowanee of corn in tiui form of 
oats or bran are tho usual feeding stufis employed. 

For th(3 cottag(*r, browsing by the roadside will 
be found a wholesome and (‘oonomieul imcans ol 
feeding his goats. Tethering is a method adoj)t(‘<! 
ill .some cpiarters, whereby the goat is attaelu'd 
by a collar and (•luiin to an iron peg fix(‘d secuivly 
in the ground, and this ean he shifted from tim(‘ 
to time so as to crop tho ar(*a evenly. In the 
neigh bourliood of towns, goats arc ofti‘n ke})t 
entirely in stables with exercise yards attached, 
tlieir food, in tho form of cut fodd(T and garden 
waste, being carric^d to them. This jilan is fol- 
lowed in many cases with most exeellent results. 
Goats are siqiposed to be able to eat with 
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impunity certain plants poisonous to other 
animals, but it is wise to keep tliem away from 
yew, privet berries, rhododendrons, laburnum 
pods, and laurel, as fatal results ‘have be(m known 
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when these plants have been consumed in any 
quantities, especially when withered. Sudden 
4 phanges in diet should be avoided. 

Value to Small«holder and Cottager. 
With the increase in the number of small-holdings 
and the extension of the garden ground attached 
to cottages, there seems every inducement for 
an increase in the number of goats kept. The 
goat is small in size, adapts itself very easily 
to its surroundings, and is not at all particular 
as regards food, provided it can get sufficient 
variety. It does not care for grass from a pasture 
alone, but prefers a mixture of herbage such as is 
found along the roadside and in odd places, and 
thus it can profitably bo made use of as a scaven- 
ger. It will also make use of, and turn to good 
account, garden refuse which would otherwise 
be wasted. 

Although a prejudice exists in some quarters 
against the flavour of goat’s milk, and people 
who arc not accustomed to its use are suspicious 
of it at first, where scrupulous cleanliness is 
ob.sorved in its production a taste for the some- 
what strong flavour is soon acquired, and 

often much ap- 

preciated. More- 
over, where the 
riolinoss of its 
quality is known, 
and Iho value of 
its fe<*ding pro- 
perties recog- 
nised, a higher 
price can be ob- 
tained for it when 
retailed than for 
cow’s milk 

Profit from 
Goats. Obvi- 
ously, goats can ^ hygienic 

bo kept at a 
cheaper rate in 

summer than in winter. The estimates of several 
goatkeepors put the cost of keep per week all 
the year round at from fid. to Is,, although this 


involved is relatively small, and adults need not 
be employed for the purpose. Tliis naturally 
commends the goat to small-holders. Housing 








A HYGIENIC GOAT-STABLE 

The frames on which the animals stand are renmvable for cleaning. 
Note also the open gutter. 


A NUHIaN goat 

is, of course, a comparatively simple affair 
and — provided sanitary precautions are duly 
obst'rvcd — very primitive accommodation will 

suffice. Even for 
one of the larger 
j small- holdings, 
the purchase of a 
cow involves a 
serious outlay, 
^ and after a time 
the annual) dc.- 
preciation will 
cause anxiety, to 
say nothing of 
imtimely death 
and the necessity 
for notification 
under Tuborcul 
OAT-STABLE Order. Goats 

and are renmvable for cleaning. afford a solution of 

such difficulties. 
The following seems to bo a fair statement of 
the yearly cost of keeping and the returns that 
may reasonably be expected from a good goat. 
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may bo exceeded in the vicinity of towns, where 
most of the food has to be purchased. It is also 
of importance to remember that the labour 
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Outlay 

£ s. d. 

Annual depreciation on goat costing 

£3, with interest . . . . . . 0 15 0 

Keep, 52 weeks at Is. a week . . . . 2 12 0 

Labour and housing . . . . . . 0 15 0 

£4 2 0 

Income 

£ s. d. 

80 gallons of milk @ Is. 4d.a gallon 5 6 8 

Balance as profit, £1 4s. 8d. 

The goat, therefore, must be looked on rather 
for the supply of milk for home use, or for sale 
where a private connection has been worked up 
locally, than as a moat producer. This being the 
case, the cultivation of the goat may prove of 
great value to the working classes in the United 
gdom. 

DRYSDALE TURNER 
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The Root Question of Chemistry. Physlcai Chemistry. The 
Atomic Theory is not Destroyed. Analysis of the Atom. 

THE REALITY OF THE ATOM 


O iTR study of radium has prepared us in some 
measure to consider anew a question which 
is of far greater importance than any fact about 
radium as such, but a question to which the study 
of radium is gradually providing an answer. It 
may be said, perhaps, that the root question of 
chemistry is the nature of matter. That is also 
a question for the physicist, though not his root 
question. The physicist is at least as much 
concerned with the impalpable something we 
call energy as with matter, while the chemist 
concerns himself with energy only in so far as 
he neerls to do so in order to understand the 
changes which matter undergoes, changes which, 
for convenience, we distinguish as chemical. 

All Things are One. But it is now far 
too late in the day to speak or think as if there 
were any fundamental line of demarcation be- 
tween Physics and Chemistry. Nowadays, a 
man may call himself a chemist or a physicist, 
but he will be of exceedingly small importance 
as either unless he be both. Endless instances 
might be accumulated that serve to show how 
closely the sister sciences are interconnected. 
It is probably safe for the present writer, to 
assume that there is no reader of this course 
who is not also a reader of the course on 
Physics. We may make distinctions, for con- 
venience, between them, but ultimately the two 
science.«! are one. 

Unity of Chemistry and Physics. 

There is no correspondence in nature — no funda- 
mental correspondence, that is to say — to the 
distinctions between the sciences. Properly 
speaking, there are no sciences, but only science. 
The student might as well attempt to understand 
the anatomy of man without physiology, or the 
physiology of man without anatomy, as to study 
physics or chemistry independently. This is one 
of the reasons why we have, as frequently as 
possible, inserted cross-references between the 
courses upon these two subjects, and why one and 
the same topic has not infrequently been dealt with 
in both — now from the more distinctively chemi- 
cal, now from the more distinctively physical 
point of view . But, indeed, the more the sciences 
advance, the more they come to depend upon 
one another; and so the man who would bo 
master of any one science must have some 
knowledge of all — the more the better. 

Now, what has been the tendency in the cose 
of the two sciences under discussion ? Do they 
still stand on a level ? Are they sisters ? to 
repeat the common term. The answ'er most 
emphatically is that they are not. One has 
gained supremacy over the other. Nay, more ; 
it has actually b^n able to include the other as 
one of its own subdivisions. The reader will 
not need telling which has become the dominant 


science. Were he in such need, W^e might again 
quote the profound saying of Bacon, wdio, 
centuries before the truth of his words was 
verified, declared that natural philosophy — a 
term practically equivalent to physios, which is, 
of course, derived from the Greek word for 
nature — is the “great mother of the sciences.’* 

The New Science of Physical 
Chemistry. Modem chemistry must acknow'- 
ledge its filial relation to modern physics. If not 
today, tlieii tomonow, or the day after, all 
the phenomena of chemistry must be not merely 
included among the phenomena of physics, 
but must be explained in physical language and 
regarded iis physical phenomena, difTering in 
kind not one whit from the phenomena which 
men have long recognised as coming under the 
heading of physics. 

From one point of view, we may say there has 
been born a new science, phyaiml chemulry, and 
this term does afford convenient means of 
indicating a certain scries of inquiries; but all 
chemistry is really physical chemistry, and is 
more clearly sexm to be physical chemistry the 
more nearly it approaches perfection. .Thus, this 
qiu'stion of the ultimate nature of matter is 
equally and alike a physical and a chemical 
question. Here we must attempt to discuss it 
more especially, of course, from the chemical 
point of view, asking questions which are 
especially suggested by chemistry-— questions 
as to so-called chemical energy, as to valency, 
as to the nature of the forces which determine‘tho 
combination of elements for the formation of 
compounds, as to the decomposition of com- 
pounds, and, in short, all those interrelations 
of matter commonly distinguished as chemical. 

The Limit of the Older Chemistry. 
And, in the first ])laco, wt* must decide how far 
the older chemistry takes us, and the answ'cr, of 
course, is that the older chemistry takes us as 
far as the atom. Nineteenth century chemistry 
was, indeed, based in the main upon the theory of 
atoms. On the other hand, students of this and 
its companion course have already found reason 
to see that the atom is not an ultimate ; and here 
we must insist upon an extremely important 
truth which is in very grave danger of being 
neglect ed at the present t i me. The casual reader 
is extremely apt to be misled, and, unfortunately, 
the casual wTitcr as well. So soon as the physi- 
cists rudely disturbed the equanimity of the 
chemist by resolving the atom into smaller par- 
ticles, pefople arose who said that, for instance, 
“ the w hole structure of modem chemistry has 
l>een swept away at a blow.” That is, indeed, 
a nice, comprehensive statement. For just a 
century chemists hod boon accumulating facts in 
thousands and tens of thousands wdiich seemed 
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capable of explanation on the atomic theory, and 
on that alone. Our notions of molecules, and of 
Giolecular constitution, our conceptions as to 
what constitutes a compound and diflerentiatos 
it from a mixture, our positive and experimental 
knowledge — not theoretical knowledge, be it 
observed— of the laws of valemy and of atomic 
heat, the law of Avogadro, and many more — all 
those, forsooth, were to be swept away at a blow 
because the old conception of the atom could 
no longer stand. But let us consider the matter, 
since otherwise we are not likely to go far in our 
search for an answer to the root question of 
chemistry. Tho. case is plausible enough. An 
atom is, by the derivation of the word, a thing 
which cannot be cut. Whatever else may or 
may not be true of it, at least it is a chemical 
as distinguished from a physical ultimate. 

Ui)on the theoiy of atoms there was indeed 
thus erected the imposing and seemingly stable 
structure of nineteenth century chemistiy. 

Complexity of. the Atom. But now 

there comes the physicist, who tells us that an 
atom is not an ultimate, but is a complex boily, 
consisting, in the simplest instance, which is the 
atom of hydrogen, of some seven hundred to a 
thousand smiller particles, which bear some such 
relation of size to it as a full-stop bfara to St. 
Paul’s Cathedral. The hasty observer has, in- 
deed, some ground for thinking that the founda- 
tion has been swept away, to the utter ruin of the 
superstructure; and unquestionably this view 
would be not merely plausible but also correct 
1 / the essential ]>art 0 / the conception of the at<mx 
were its indiinsibleneM. Now, It is this part 
of the conception which is usually regarded as 
essential. The present writer was taught that 
this is the essential of the atom: the text- 
books regard it as such ; the less philosophic 
chemists, generally, have regarded it as such ; 
and the very meaning of the name to con- 
firm this view'. Nevertheless, we maintain and 
j)ropose to prove that, during all tins time, the 
emphasis has been laid upon a pari of the con- 
ception of the atom which is not essential, 
which is of no importance whatever for the 
atomic theory, and which, to boot, is demon- 
strably false. 

John Stuart Mill’s Anticipation. The 

explanation of the whole matter is to be found 
in a really remarkable paragraph occurring in 
Mill’s “System of Logic,” whicn dates from as 
Jong ago as the year 1843, the year before the 
death of Dalton. In the introduction to his 
groat work. Mill attempts to define logic and 
estimates its province. He declares that he must 
“ attempt a correct analysis of the intellectual 
process called reasoning or inference,” and then 
be goes on to say : 

“ With resiJert to the first part of this under- 
taking, 1 do not attempt to decompose the 
mental operations in question into their ultimate 
elements. It is enough if the analysis, as far 
as it goes, is correct, and if it goes far enough 
for the practical purposes of logic considei^ 
as an art. The separation of a complicated 
phenomenon into its compound parts is not 
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like a connected and interdependent chain of 
proofs. If one link of an argument breaks, 
the w’hole drops to the ground ; but one step 
towards an analysis holds good, and has an 
independent value, though we should never be 
able to make a second. The results of analytical 
chemistry are not the less valuable though it 
should be discovered that all which we now call 
simple substances arc really compounds. All 
other things arc, at any rate, compounded of 
those elements ; whether life elements them- 
selves admit of decomposition is an important 
inquiry, but does not affect the certainty of the 
science up to that point.” 

How the Atomic Theory is Affected. 

Mill's argument is that it docs not matter 
whether the atom.s of the elements may bo 
shown themselves to admit of decomposition, 
since, however important that (luesiion may be, 
the answer to it lias no bearing upon the con- 
clusions to which tlie atomic theory has already 
led us. The notion that the atom is indivisible 
docs not constitute a link in the chain of argument 
which w'c call the atomic theory. Mill admits 
that, if it did so, the Avhole theory Avould drop to 
the ground. 

But observe how' remarkable is the applica- 
bility of Mill's illustration to our present 
difficulty. We have gone far to prove, and, 
beyond a doubt, will shortly go all the Avay to 
prove, that. “ all w hich w e now' call simple 
substances [elements] are really compounds.” 
But this does not matter. Neither chemist 
nor ])hysicist doubts that, as Mill said. “ all 
other bodies exce])t those so-oalled elements 
are at any rate compounded of those elements.” 
This fact remains a fact, as is the nature of 
facts, and is affected in no degree at all by 
the modern discovery of the decomposition of 
the elements. 

What, then, must we give up ? Certainly 
we must abandon w'hut may perhaps be called, 
in order to distinguish it, the “ atomic theoiy 
of the atom,” the theory that the atom is 
literally atomic, or indivisible. Indeed, it has 
been suggested that the term “atom" must be 
transferred to the corpuscles, or electrons, of 
Avhieh atoms are now known to be composed 
— corpuscles which seem to be, indeed, atomic, 
or indivisible. But it w'ould bo a great mistake 
to transfer the name in this fashion, even 
though, on the score of its derivation, it is 
quite inapplicable to what W'e now call atoms. 

Atoms are Realities. But w'hethor or 
not W'e give up the name, certainly there is 
no chance of our giving up the conception. 
No one again, indeed, will ever liken atoms 
to foundation-stones, or declare that they bear 
upon them the “ stamp of the manufactured 
article.” Such phases cannot be permitted in 
the light of the conclusive evidence which 
we now possess of the evolution of atoms, the 
heavier and more complex having been demon- 
strated in several instances to break down 
into the lighter and simpler. But, as the 
present writer has said elsewhere — and the 
illustration is perhaps significant — “ we no 



more question the existence of atoms because 
we are beginning to understand their structure, 
and the nature of the actual elements of which 
they are composed, than we question the 
existence of animal organisms because we know 
they are all composed of colls ; of cells because 
we know they are all com])Osed of molecules ; 
or of molecules because we know they are all 
composed of atoms.’* 

The Theory 4s Really Strengthened. 

But this is not all. So far are these new 
discoveries from having swept away at a blow 
the whole structure of modern chemistry 
that they have actually afforded tignal support 
to this great structure, which stands far more 
securely with tlieir assistance than it previously 
did. Let us take an instance. The reader is 
familiar with the periodic la^v — to which we 
have already been conifielled to pay an amount 
of attention w hich would have seemed ridiculous 
twenty years ago. The law asserts, the retider W'ill 
remember, that, if the elements be arranged in 
the order of their atomic weight, certain groups 
of characters arc found regularly to recur, so 
that the charartters of an element are a periodic 
function of its atomic w'eight. This law has 
vindicated itself by loading its propounder, 
Mendelcef, to predict the discovery of elements 
winch have now, indeed, bt‘en discovered, and 
which actually have the characters he assigned 
to them, just as the law of gravitation vindicated 
itself by leading to the discovery of Neptune. 
We may also remind the reader that the group 
of rare gases found in the air has astonishingly 
fitted into the periodic table. But upon what 
is the periodic law^ based V 

Value of the New Conception. Most 
evidtiiitly the })eriodi(; law*^ is based upon tlw) 
conce})tion of atomic weight, and this, of course, 
upon the atomic theory ; and this, forsooth, 
far more certain today than ever it was, is 
declared to have been “ swept away at a blow,” 
But W'p have declared that the law' will furnish 
an illustration of the view that the new con- 
ception of the atom makes still more secure the 
structure of nKxleni chemistry; and the fact to 
note is that it is the now theory of matter, the 
theory winch implies the disintegration of the 
atom, that alone affords an explanation of the 
manner in which the ekunents are related to one 
another, the manner in which the atoms of 
various elements display a tendency to unite 
with one or more atoms of other elements, and 
the manner in which the properties of elements 
seem to recur as one passes onwards from those 
of less to those of greater atomic weight. There 
is no essential part of the atomic theory which 
has done anything but gain in consequence of 
recent w'ork. The notion that in the atom we 
have the ultimate result of analysis has never 
satisfied philosophers — as our quotation from 
Mill suggests — and although on a superficial 
view this notion may appear to be the essential 
part of the atomic theory, it is really not so at all. 

The •• Life *’ of Atoms. We have, then, 
to conceive of matter, in all its common forms 
at any rate, as being reducible — not ultimately. 
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but still in a certain stage of analysis — to bodies 
which we still call atoms. These atoms themselves 
may be immeasurably complex, but they are 
no more without individual existence of their 
own, on this account, than St. Paul’s Cathedral 
is without an individual existence because it 
is made of stones, or than the body of an animal 
is w'ithout an individual existence bectause it 
is made of cells. For the ordhiary purpo.ses of 
chemistiy’ these atoms may indeed be regarded 
as ulti mates, and they are a surer, because a 
truer, foundation for chemical science than they 
were when we had no better conception of them 
than Dalton’s or (Uerk-Maxwcir.s. Hut since 
they are not ultimates, they are subject to the 
common fate of everything else that is not 
ultimate — they are subject to birth, develop- 
ment, flisintegration, and decay. The chemist 
studios them mainly in what we may call their 
adult stage. Their lives are extremely long in 
the great majority of cases, and thus there are 
immense periods during which, for the j)ur})Oses 
of the ehemist at any rale, they may be regarded 
as permanent. Tlic law of the conservation, or 
indestructibility, of matter — that is to say, of 
atoms — cannot staml vigorous criticism, dictated 
by recent knowledge. But the periods of stability 
are so prolonged in the case of all but a very 
few atoms that the chemist is able to proceed 
as if the law of the eot\8ervatioi\ of inatlev were 
really true 

The Change in 12,000,000 Years. 

In the course of ordinary chomieal decom- 
positions and the like, atoms do not disappear ; 
chemical ecjuations such as those of which we 
have seen many examples are not fictions, 
but correspond to truths ; ami w’hen it is 
demanded of a chenucal expiation tliat the 
same number of atoms and the same number of 
each kind must always be represented on both 
sides of the equation, or else it is no ecj nation 
and falsely represents the chemical facts, we 
are making no inin‘a.soiuihle or iniagiiiary 
demand, but one w hich is imposed upon iis by 
the facts. In the course of ordinary chemical 
actions atoms do not disappear ; nor, on the 
other hand, do they eoino into being. The 
physicists tell us, and provide abundant proof 
of the assertion, that these atoms, of which we 
wTite as if they W'ere so many permanent biieks, 
are really undergoing slow' change— that in 
1200 years atoms of one kind will have changed 
into atoms of another, or that in 12,0(K),0<X) years 
atoms of a third kind will have changed into 
atoms of a fourth. Meanwhile, we, whose 
observations are confined to minutes or days or 
a few yeai^s, arc at liberty to assume, for practical 
purposes, that the stable perical of all familiar 
atoms except the very heavy ones is permanent. 

Man and the Atom. And here we are 
in a position to make an important distinction. 
Just as in the case of a member of a society, 
we may raise tw'o inquiries concerning an atom. 
A man may be considered from two points of 
view. We may ask concerning his internal 
processes, as to what he thinks in his heait 
of hearts, as to how' his miiid develops and 
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changes and reaches, perhaps, a changeless 
period, as most minds do in later life ; and, on 
the other hand, we may consider the man in 
his relation to other men. On the one hand, 
we consider him simply as an individual; on 
the other as a member of a greater whole ; but 
while we obseive this distinction we must 
remember the principles laid down in the 
beginning of this chapter, and realise that at 
bottom the distinction is an arbitrary one. A 
man’s life is not made up of two independent 
sets of processes — one individual and the other 
social. On the contrary, these are incessantly 
reacting upon one another. 

Now let us see how this analogy helps us. 
In the case of atoms, wo used to think that 
thci*c was only one set of processes to consider 
— the social processcH, so to speak. Chemistry 
iiccepted atoms as changeless and permanent, 
and its business was, and, indeed, still is, to 
ascertain the way in which atoms behave in 
relation to one another. If we could ascertain 
this in its entirety, "we should have, it seemed, 
a perfect chemistry. There did not seem to be 
the slightest reason to suppose that there were 
any other processes than these. But now we 
know better. Physicists have taught us, not, 
as incompetent commentators aver, that atoms 
are a “baseless fiction,’* but that atoms have 
their individual processes, as well as their social 
processes. It is with the latter that chemistry, as 
it used to be conceived at any rate, is concerned. 
It is the former, the existence of which was, 
until lately, unsuspected, that is now exciting 
the interest of all students. We may use two 
convenient terms to oxpre^ss the diflerencc. 

Social and Individual Processes. 

The material processes which wo have to 
study may be described as belonging to two 
groups — the inter-atomic and the intra-atomic 
(from Latin inler, between, and intra, within). 
But this analogy betAveen the human and 
atomic organism — ^for which the present writer 
must take the responsibility — is even more 
complete and, we think, valuable than has yet 
betm indicated. For we have said that it is 
impossible in point of fact to consider the social 
and individual lives of men as if they were 
independent. On the contrary, the truly wise 
student of society knows that the key to social 
phenomena is human nature. What does this 
mean ? Plainly, that the social processes can 
never be really understood so long as we assume 
either that they are all the processes to consider 
or that the individual processes have no relation 
to them. In order to understand the relations 
of human beings it is absolutely necessary to 
study the characters of individual men, which 
determine all these processes, and these charac- 
ters can be understood only if we study the 
internal individual processes of men. As a man 
thinkSf so is he. 

The Atom Vindicated. And it is so 

with the atom. The facts are directly opposed 
to the statements of those who say that the 
discovery of the intra-atomic processes has 
swept away the structure of the older chemistiy, 
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which is concerned with the inter-atomic 
processes. 

The discovery of the intra-atomic forces and 
processes is already illuminating, and will more 
and more continue to. illuminate and amplify 
our knowledge of the inter-atomic processes. 
Furthermore, our knowledge of the intra-atomic 

E recesses is leading us to our first real compre- 
ension of the already known characters of 
atoms and their behaviour., And the modern 
chemist is just coming to realise — as wo shall 
see, ere long — that the internal processes of 
the atom determine its character, and thus its 
relations to other atoms — that is to say, its 
inter- atomic processes, its chemical behaviour. 
Was anything more ludicrous ever said than that 
these new discoveries have caused the atomic 
theory to be “ scrapped on the dustheap of 
antiquated hypotheses ” ? 

Analysis of the Atom. Wo have 
deliberately discussed this subject at great 
length, since it is absolutely necessary to do 
what may be possible in order to counteract 
a misconception which is extremely wide- 
spread, which is still, as many quotations might 
show, gaining ground among the uninitiated, 
and which, unfortunately, strikes at the very 
root of any real understanding of chemistry. 
Atoms unquestionably exist, and constitute the 
ultimates of the edements as we know them. 

Now, it may not unreasonably be argued, one 
would think, that the business of the chemist 
stops at this point ; that directly we begin to 
analyse the atom, to concern ourselves with the 
intra-atomic processes, we are wandering from 
our subject, which is, properly speaking, the 
social aspect of atomic life; we are committing 
the fault of the sociologist who begins to study 
individual psychology. But these barriers 
and distinctions and delimitations are relics of 
an outworn order of thought, or, to change the 
metaphor, they are like temporary scaffolding 
arrangements which can be removed as the 
building approaches completion. If it be true 
that tlie key to sociology is to be found in 
human n\ture, the sociologist is right in studying 
individual psychology. 

Physico — Chemical Study. If it be true 
that the key to chemical processes is to be 
found in the internal individual processes of 
atoms, the chemist is right in considering them. 
They are the key to everything that interests 
him ; and even if his means of study have to be 
modified, even if he dispense with nearly all 
his test-tubes, even if he require to leave his 
own laboratory and enter the laboratory of the 
physicist, and be told that he has forsaken his 
first love, he must “see this thing through.” 
He cannot be arrested at the edge of the atom. 
On these grounds, and on those other grounds 
which we began by stating, we offer no apology 
for proceeding to study this subject in this 
course, instead of the course on Physics. In any 
case we have failed in our task if the inter- 
dependence of the two courses has not been 
made manifest. 

0. W. SALEEBY 
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Fall of Constantinople. Discovery of the New World and Rise of 
Spain. Decline of Italian Republics. Rise of Austria by Marriage. 


THE PASSING OF THE MIDDLE AGES 


|7normous as have been the changes 
^ in the aspect of the world and in 
human life which have been wrought by 
the last fifty years, it may probably be 
asserted with truth that at least equal 
changes were wrought by the events which 
occurred in the last half of the fourteen- 
hundreds. 

The first of these was the fall of 
Constantinople (May 29th, 1453). While 
emperors and kings were still playing 
with the question of possible crusades, 
for which popes were pleading in deadly 
earnest, the believers in Islam, reversing 
the crusading process, crossed the Bos- 
phorus and took the great city which 
for more than a thousand years had 
preserved in strange union the two 
memories of Caesar and of Christ. Western 
Christendom was horrified at the news, 
but did little to sta}' the onrushing 
Ottoman tide which for more than 200 
years — till the unsuccessful siege of Vienna 
in 1683 — was always more or less of a 
terror to Europe. But cruel as was the loss 
to the East, the West was in some sort a 
gainer, by the dispersion of eminent 
scholars who reinforced the ranks of the 
Humanists— the lovers of the illustrious 
classical literature of bygone ages and 
the opponents of the schoolmen — both 
by their oral teaching and by the price- 
less manuscripts which they preserved 
from the sack of Constantinople. 

As was finely said by a modern scholar : 

At this time Greece arose from the dead 
with the New Testament in her hand.” This 
new learning, powerfully aided by the art 
of printing, which was invented some- 
where about 1450, set fermenting in the 
minds of such men as Erasmus and Luther 
thoughts which were destined to work 
marvellous changes in the mental atmo- 
sphere of Europe. Geographically, the 
voyages of discovery which signalised the 
closing years of our present period were 
the most important that were ever made 
since the first Pha^nician mariners pushed 
through the Pillars of Hercules into the 
vast and shoreless Atlantic. 

Throughout the fourteen-hundreds the 
work of maritime discovery along the 


cast coast of Africa had been entirely 
undertaken by the Portuguese, who were 
cheered on their adventurous career by 
the patronage of their noble prince, Henry 
the Navigator, a man who had English 
blood in his veins, being thi! grandson, on 
his mother's side, of Jolin of Gaunt, Duke 
of Lancaster. From his eyrie on Cape St. 
Vincent he watched the departure, in 1419, 
of two frail vessels which sailed a little 
beyond the Peak of Tencriffc. Later 
voyages were much more successful, and 
before his death, in 1460, the Portuguese 
discoverers had crept down to the neigh- 
bourhood of Sierra I.eonc, twenty degrees 
nearer to the Equator than that ominous 
Cape Nam (Cape No) which, when Prince 
Henry began his enterp^-isc, had been the 
southern limit of European navigation. 

After the prince’s death his great work 
went steadily forward. Guinea and the 
Gold Coast, the mouth of the mighty 
River Congo, and Angola were discovered, 
and in i486 Bartholomew Diaz, a knight 
of the royal household, with the douldc 
hope of discovering a passage to India 
and meeting with the mythical Prester 
John, steered due south for many days 
and discovered the promontory which he 
called the Cape of Storms, but which 
the Portuguese king on his return insisted 
on renaming the Cape of Good Hope. 
But the long eastward bend of the coast 
of South Africa seems to have hidden from 
him and his sailors the real meaning of 
their discovery. It was not till eleven 
years later, in 1497, that the illustrious 
Vasco da Gama succeeded in fairly 
rounding the southern end of the great 
continent, and, steering across the Indian 
Ocean, reached Hindustan, anrl beheld 
the Zamorin of Calicut in his palace. 

It is a strange thought that the vain 
hope of doing in another way that which 
was thus accomplished with comparative 
ease by Vasco da Gama had driven 
Christopher Columbus, five years pre- 
viously, in 1492, on his desperate voyage 
westward across the Atlantic. On the 
well-known circumstances of those memor- 
able months of suspense, which ended on 
October ii, when Columbus, standing 
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on the poop of his vessel, saw the moving 
lights of Guanahani, there is no need to dwelL 
Cmly we ought to emphasise to ourselves the 
change which the discoveiy of this Western 
world, expanding every year, as it evidently 
seemed to expand, by the reports of the successors 
of Columbus, must have wrought in the mind of 
the ordinary, commonplace, modiasval European. 
It is perhaps not too much to say that it was as 
great as that which would bo wrought in us 
by the discovery of a means of communication 
with the inhabitants of Mars or Venus. 

Spain Steps into the Front Rank. It 
was hard that, when a Portuguese prince had 
been thci prime mover in this crusade of 
discovery, the glory 
and the gain of it 
accrued chiefly to 
the Spanish sove- 
reigns. As the Avell- 
known motto on the 
tomb of Columbus, 
dictated by Ferdi- 
nand of Arragon 
himself, ran : 

A Castilla y a Leon • 

Nuevo mundo dio 
Colon. 

(To Leon’s and to 

Castile’s throne 
Columbus brought a 

world unknown.) 

Besides the dis- 
covery of America 
and the riches re- 
sulting therefrom, 
many other caust^s 
concurred in the 
fourteen - hundreds 
to push Spain, 
hitherto somew'hat 
solitary and self- 
absorbed, into the 
front rank, the 
flghting-lino of the 
nations of Europe. 

Di su n i te d 
Spain’s Conflict 
with the Moors. 

In the seven cen- 
turies that had elapsed since the Moorish 
conquest, she and the sister state of Portugal 
hod been slowly winning back their countiy 
from the Moors. At first the process was a 
slow one, but in the twelve-hundreds, after 
the great Christian victory of Navas de Tolosa, 
in 1212, it went forw^ard with giant strides, 
and by the middle of that century the only 
region of Spain left to the Moslems was the 
fertile but comparatively small province of 
Granada. There, however, a compact kingdom 
w^as founded, wdiich endur^ for more than 250 
years (1238-1492). One reason for its con- 
tinuance — probably the chief reason for all the 
long pauses in the Christian advance — ^was the 
number of petty kingdoms into which the 
peninsula was divided. Leon, Castile, Navarre, 
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Barcelona, Arragon, Portugal — all had for long 
their separate^ existence, and were frequentlv at 
war with one another. 

The Conquest of Granaoa, Now, 
however, at last, by the marriage of Ferdinand 
of Arragon with Isabella of Castile in 1469, 
almost the whole of Spain was united in one 
powerful monarchy. The exception was Navarre, 
which was not appropriated by Ferdinand till 
1512. The actual union of Arragon and Castile 
did not take place till 1479, on the death of 
Isabella’s brother, Enrique IV. One of the 
earliest enterprises of the royal pair after they 
had come into full possession of their sovereignty 
was tho annexation of Granada. For ten years 

tho war went on, 
the patient strategy 
of Ferdinand being 
greatly aided by 
domestic quarrels in 
tho Moorish palace, 
son rebelling against 
father, and uncle 
lighting against 
nephew\ At length, 
on January 4th, 
1492 — three months 
before Columbus set 
sail from Seville — 
the last blow' was 
struck. Granada 
itself, hopelessly 
blockaded, sur- 
rendered to the 
Christians, and its 
weeping king, Abu 
Abdallah, looking 
his last on its stately 
pinnacles, rode forth 
into exile. 

Intolerant 
Christianity. 
The subjugation of 
th(i last Mohamme- 
dan state in Spain 
was ])erhaps re- 
garded by Christen- 
dom as some slight 
compensation for 
the loss of Constan- 
tinople. Unhappily, 
the Christian sovereigns showed thenuHilves 
less tolerant tow'ards their conquered sub- 
jects of another faith than the Turkish sultan. 
Ferdinand’s promises of toleration for the 
Mussulman Moors were soon evaded ; forcible 
conversions were attempted ; tho Inquisition 
put forth its baneful energies — everything was 
prepared for that disastrous revolt of the 
Moriscos, disastrously quelled, which inflicted so 
deep a wound on Spain in the following century. 

A Tragic Lack of Helra. The kings” 
of Arragon and Castile, so fortunate in all dse, 
suffered the disappointment of seeing their male 
issue expire in their own lifetime. It was 
evident tnat their magnificent inheritance must 
fall to the lot of the descendants of one of their 
daughters ; and that daughter eventually 
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proved to be Priricotjs Joanna, wife of Philip of 
Hapsburg, whose eldest son, Charles, the future 
Charles V., was born in the last year of the 
century, the fateful year 1500. 

French Claims on Sicily, Meanwhile, 
during the whole of the previous period, there 
had ooen a growing community of interest be- 
tween the two i^eninsulas, the Spanish and the 
Italian, and a growing tendency in Italian afTairs 
to embitter the relations between Spain and 
France. Two successive queens of Naples, 
descendants of Charles of Anjou, Joanna I. and 
TI., both of them women of tainted reputation, 
had embroiled the politics of Italy by adopting 
as their heirs both French and Spanish princes. 
The French claimants, thre^ successive Louis of 
Anjou, had never succeeded in making good their 
title for any lengthened period, and the last of 
the line, “ le bon roi Rene,” troubadour and 
master of pageants, but more interesting to 
Englishmen as father of Margaret of Anjou, of 
fatal memory in our civil wars, was himself as 
shadowy a king of Naples as his forefathers 
were before him. 

Spanish Claims on Sicily. But in 1442 
the great prize fell to another adopted son of 
the latest Joanna, to Alphonso, king of Arragon, 
and also king of Sicily. Thus at last W'as the 
death of (Conrad in fully avenged, and the de- 
scendant of Frederic II., king of both the 
Sicilies, jiossessed the full inheritance of his 
Norman forefathers. On his death, while his 
Spanish dominions and Sicily went to his 
brothers, Naples, which he had won with his 
sword and with his bow, became subject to bis 
illegitimate son Ferdinand; and thus till near 
the end of the fourteen- hundreds we have the 
Sicilies again disparted, Naples itself ruled by 
this Ferdinand, and Sicily by his first cousin, 
Ferdinand of Spain, the husband of Isabella. 
And over all hovered the spectral, shadowy 
claims of the titulars of Anjou, which had bred 
wars in the past and w'ere likely to be the cause 
of W'ars to come. 

Notwithstanding these dynastic conflicts, the 
solid strength of II Regno, as the kingdom of 
Naples was called, was always looked upon with 
sometliing of envy and admiration by the 
northern states of Italy. There almost every 
city was at war •yvith its nearest neighbour, the 
trade of the oondottieri flourished, arid, as before 
stated, the turbulent freedom of the republics 
which had leagued against Barbarossa was being 
crushed under the heel of petty local despots. 
An Italian patriot surveying the condition of 
his country in 1453 might well think that the 
liberation from the yoke of the empire, which had 
been won by generations of Guelfs, had been 
after all but a doubtful blessing. 

The Rise of the Medicean House. One 

of the last of the republics to fall into slavery — 
and even after her fall she struggled up once and 
again into liberty — was Florence. In 1464 died 
om Cosmo de Medici, who, by the combined in- 
fluence of wealth, eloquence, Uberality, and some 
real patriotism, aided by the blunders of his 
opponents, had made himself virtual master of 
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his native city. It was certainly a wonderful 
story, that of the Medicean House. They had no 
claims to feudal nobility ; the parly w^hich they 
was by profession the Liberal party ; Cosmo 
himself with his vast wealth might be looked 
upon as the Gladstone-Rothschild of Florence ; 
yet he succeeded in leaving to his offspring a 
power which, in the hands of his grandson, the 
“ Magnificent ” Lorenzo, was little less than 
regal : his collateral descendants for two cen- 
turies were grand dukes of Tuscany, and their 
blood, through the intermarriage of Catharine 
and Marie de Meditu with the kings of lYance, 
now flow's in half the royal families of Europe. 

Venice Becomes an Oligarchy. Lorenzo 
de Medici died in 1492, the same year which, for 
other reasons, we have already seen to bo 
indeed annus mirahilia. The other great Italian 
cornmonw'ealth, Venice, preserved indeed through 
all her more than a thousand years of life her 
republican freedom, but changed her popular 
character in 13(X) by the act known as “the 
('losing of the Grand ([Council,” which limited the 
right of clcctioji to the great offices of state to 
certain aristocratic families, and she thus be- 
came that jealous and suspicious oligai'chy whose 
methods have been so faithfully and dramatic- 
ally desta'ibod by many a tragedian and WTiter 
of romance. 

Venice Mistress of the Seas. In 

the periods whicdi now lie behind ns she had 
many a bitter struggle with her rival Genoa, 
in ono of which, the war of ('hioggia (1378-1381), 
she all but lost her national life ; and the 
domineering Viscontis of Milan had, especially 
towards the close of the thirteen-hundreds, rolled 
up dangerously near to her borders. Since then, 
however, the tide of conquest had turned ; 
she had become a great land-pow'er as w'ell as ji 
sea-power, and in the period before us it may be 
roughly com])uted that she was mistress of 
two-thirds of Lombardy, the remaining, the 
western third, being under the dominion of 
the duke^s of Milan. 

The Sforzas Marry Their Way in 
Milan, Those dukes wore no longer Viscontis 
but vSforzas, the renowmed condottieri general, 
son of a Romagnolo pefisaiit, Francesco Sforza, 
having succeeded with infinite trouble in winning 
the hand of Bianca, daughter of the last Vis- 
conti (Filippo Maria), who died in 1447, leaving 
no legitimate progeny. Thus were the Sforzas 
established on the throne of Milan, where they 
reproduced most of the unamiablo characteristics 
of their Visconti ancestry. In 1492, the year to 
which so much of our narrative converges, the 
young prince, Gian Galoazzo Sforza, W'as nomin- 
ally reigning in Milan, the real ruler being his 
uncle Ludovico il Moro — so named from his 
swarthy complexion — who W'as generally believed 
to be plotting his nephew’s murder. 

Here, how'ever, as W'cU as in Naples, there 
was also a French claimant, in the person of the 
Duke of Orleans, who was descended from a 
legitimate Visconti princess, while the Sforzas 
could claim only through Filippo Maria’s 
bastard daughter. 
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The Papal Power ICatabllshed Round medisevai castle no longer impregnable, the 

Rome. Of the condition of the papacy during the |K>wor of the old feudal baronage was to a great 

half-century now under review it is not easy to extent broken, and king and people were left 

speak. Unfortunately Nicolas V. had few' sucoes- practically alone to make what they could of 

sors like-minded with himself. The pontificates of their country’s fortunes. The century closed 

Sixtus IV. (Francesco della Rovere) and Alex- with Henry Tudor, the silent, statesmanlike, un- 

ander Vf. (Rodrigo Borgia) were an open scandal amiable king, hoarding the treasures which were 

to Christendom ; and that of Alexander, which soon to be scattered by his lusty son, Henry VIII. 

began in 141)2, was undoubtedly one of the events Louis the Eleventh of France. In 
\\ hich prepared the way for the Reformation. France a somewhat similar process was going 

It is |)erhap8 a matter of prai.se rather than on under the rule of Louis XI.* (1461-1483). The 

))lanie that all the popes of this period were eager characters of these two kings, Henry and Louis, 

for the strengthening of the temporal dominion present some points of resemblance, though it 

of the (^hurch in (Central Italy. After the troubles would not be fair to put that eminently respectable 

of the last two hundred years, the turbulence of and devout paterfamilias Henry Tudor on a level 

Rome and the absurditie.s of the Avignonase with the unscnipulous Louis of Valois, who hesi- 

“ captivity,” it was certainly a more sensible tated at no crime to attain his ends, and who 

f)ol icy to try to build up a .secure and independent spent his lonely old age surrounded by his hire- 
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papal state on t he* basis of the old “ donations ” ling Scottish archers, in abject fear of death, 

then to ro])eat the obsolete pretensions of a “ rising up at the voi(?e of a bird,” and oscillating 

Hildebrand or a Boniface to the deposition of between blasphemous irreverence and abject 
emperors and the government of the world. superstition. Yet Louis XI. had also .some clear 

The Wars of the Roses Break perception of the duty which he owed to the 

Baronial Power, Turning now to the (ouutry over which he ruled. He was a most 

northern nations, we find that the later fourteen- industrious king ; he encouraged commerce and 
hundreds were a dreary time for England. In learning, and even in his successful endeavours 
1445, only two years after England’s expulsion to free himself fiom the strait-waistcoat of the 
from Franco, began those terrible Wars of the feudal nobility, by which at his accession he found 
Roses in which it is difficult not to see the himself constrained, ho had probably some con- 
righteous judgrjient of Heaven on the nation sciousnoss that he was working for his people as 
\yhich had so wantonly devastated the fair well as for himself. The first revolt of tno nobles 
fields of France. against him called itself “ The League of the 

One change, possibly beneficial, was the Public Weal.” Reviewing his reign at its close, 
result of these sixteen years (1455-1471) of more he might fairly have said, “ At least I did more 
or less continuous fighting. By them, and by the than they for the public weal to which they pro- 
increasing use of artillery, ‘ which made the fessed their devotion.” 
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HOW THE WARS OF THE ROSES BEGAN & ENDED 

I ' —I. I— iii. ^ ■■■ i ■ ,.r 



THU DEFEAT AND DEATH OF RICHARD III. ON BOS WORTH FIELD IN THE YEAR 1485 
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Swiss PiKemen Shatter Burgundian 
Ambition. Chief of ail the antagonists of Louis 
XI. was, of course, the head of the great House 
of Burgundy, ('hark^ the Bold, who, with his 
wide domains for which ho owed vassal-homage 
partly to France and partly to the empire, 
tvspired to make himself independent of both 
realms, and would probably, had he lived and 
conquered, have founded a middle state, a king- 
dom of the Rhine, or sornethitig of the sort, which 
might have proved itself a blessing to Europe as a 
“ butler state ** between France and Germany. 
This, however, was not to be. After years of 
oj^n or secret conflict with his cousin I.<ouis XT., 
a war of the Lion against the Fox, in which the 
Fox once or twice very nearly j)erished, he 
became involved in hostilities with his southern 
neighbours, the peasants of the Switzers’ con- 


did, at any rate, one. sensible thing when he 
married, in 1452, the clever and beautiful 
Princess Eleonora of Portugal. The offspring 
of this union, Maximilian, born in 1450, was 
almost the last of the knights errant of Europe, 
a versatile and accomplished but somewhat 
unstable prince, a mighty hunter but an erratic 
statesman, who was elected king of the Romans 
in 1486, and who, on the death f his father, 
obtained the im(ierial crown. 

Spain also Marries into the Empire. All 
thi.s, however, was still in the future, when, soon 
after the death of Charles the Bold, his daughter, 
beset with enemies on every side, gladly gave her 
hand to the goodly young knight Maximilian, 
saying : “ Welcome, thou noble German blood ! 
How has my heart longed for .thee ! ” It was a 
happy union, too soon closed by death — the 
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federation. To the surprise of Europe, the Swiss 
]jeasants overcame the mighty feudal lord ; 
the stoutly held pike vanquished the battle 
array of chivalry. In three battles, Granson 
in 1476, Morat in 1476, and Nancy in 1477, 
Charles was completely beaten, and after the last 
a page found his dead body lying covered with 
wounds in a frozen swamp — the battle was 
fought on the fourth of January — and the 
Switzers bore it into Nancy for burial. 

Burgundy Marries into the Empire. 
In that frozen swamp lay dead the schemes of the 
aspiring House of Burgundy ; and yet in a certain 
sense they rose again when Charles’s orphaned 
daughter Mary gave her hand to the heir of the 
House of Austria. This heir was Matximilian. 
The Emp3ror Frederick IlI.,who slumbered on the- 
imperial throneJor fifty- three years (1440-1493), 
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young duchess died in 1482 — but it ehanged tho 
fate of Europe, for the issue of this marriage were 
two children, a son and a daughter, and tho son, 
Philip the Handsome, is the prince who, as we 
have already seen, married Joanna, daughter 
of Ferdinand and Isabella, and thus transmitted 
to his son Charles the heirship to the crowns of 
Spain and^the New World. 

The Growth of Hapsburg Rule. Let us 
just consider to what a height the House of 
Hapsburg, founded by the little Swabian knight 
only two centuries before, had now reached. 
They owned the Austrian provinces, T^rol, 
Styria, Carinthia, Archduoal Austria, etc., by 
inheritance ; they had acquired, by Maximilian’s 
marriage with Mary of Burgandy, the wealthy 
and populous Low Countries, Holland and 
Belgium, together with Franche Comt6 — this. 
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which was called the County of Burgundy, 
escaped for the time absorption by France. 
The duchy of Burgundy' was successfully assimi- 
lated by Louis XI. on the death of Charles the 
Bold. Spain, too, and the Indies became theirs 
when Ferdinand and Isabella had gone ; and tho 
child bom at Ghent in 1600 had a better chance of 
being elected to the crown of the Holy Roman 
Empire than any of his contemporaries. 

Fortune-hunting in Empires. Later 
on — but this is beyond our present horizon — 
Bohemia and Hungary fell to a son of tho samo 
House, Ferdinand of Austria, by his marriage 
with Anne, tho last of the House of Luxemburg. 

Well might other European Houses have looked 
with envy and amazement at the immense pos- 


bo worth, tho magic title of Holy Roman Empire* 
possessing also territories of unknown expanse 
beyond the Atlantic — truly a boa- constrictor 
of an empire. On the other side was France, far 
smaller, but compact, rich in natural gifts and 
strong in tho national spirit, which had been 
begotten by tho hundred years’ war with England. 

The Contest for Truth. Such a contest, 
in trutli, was the dominating factor in European 
politics for three centuries, strangely complicated 
and interfered with by another conflict which 
was to be born of thoughts already tentatively 
expressed by the middle-aged Erasmus, but 
which had not yet begun to germinate in tho 
brain of the “ poor scholar,” Luther. 

Italy the Prize of War. Italy was to be tho 





LOUIS XI. OF FRANCE ON A VISIT TO ONE OF HIS PEASANTS 
•By pcrmlssiou from the puintliitf by Mr. J, Seymour Lucais, R.A. 


session earned by this simple process of marriage, 
a sort of fortune-hunting in empires. 

The Contest for Empire. It was probably 
clear to anyone who, with statesmanlike vision, 
surveyed tho political horizon in the year 1600 
that there was an inevitable struggle impending 
between two great states. On the one side was 
this wide-stretching Hapsburg domain, clutching 
at France on her southom, eastern, and north- 
eastern borders, ruling a large part of eastern 
Europe, and possessing, for whatever it might 


prize for which the two groat powers wore first to 
strive, and the lists were, in fact, opened in 1494 
by tho Neaj)olitan expedition of Charles VIII., 
son of Louis IX. But the story of that expedi- 
tion connects itself most naturally with the 
Italian wars of the following century. It seems 
better, in the words of Hallam, ‘‘ hero, while 
Italj is still untouched, and before as yet the first 
lance.', of France gleam along the defiles of the 
Alps, to close tho history of the Middle Ages.” 

THOMAiJ HODGKIN 
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Thrust Lines. Straight 4rch. External Loads. Curve of Thrust. 
Minimum Depth of Arch Ring. Concentrated Loads. Suspended Chains. 

THE STABILITY OF ARCHES 


The Thrust of an Arch. The thrust 
of an arch is the first and most important point 
for consideration. In 16 is shown the half 
elevation of an arch, where AB is the half span 
and BC the rise, DC the depth of arch at the 
crown, and EA the depth of arch at the springing 
or abutment. In small arches the spandrm 
EFOD is generally filled up solid, either by 
brickwork or masonry ; or, in the case of a 
bridge, by the material of which the roadway is 
formed, so that while the arch itself is included 
within the outline AED(', the load carried by 
the arch is included in the outline AEFGDC, 
omit ling for the pn^sent the consideration of 
any external load. It is usual to consider the 
stability of 1 ft. run, the same as with walls ; 
in this case it w'ill be the same as if the elevation 
shown were I ft. thick. The centre of gravity 
of this figure must be determined by marking 
the outline upon drawing paper, cutting it out, 
suspending it consecutively from tw'O points, and 
marking vertical lines to intersect, giving the 
point c. g. (centre of gravity). Its area must 
also be determined by planimeter or otherwise, 
as a measure of its weiglit. Then a vertical 
line must bo dropped from the centre of gravity 
and a horizontal line drawn from tiie centre of 
the d(?pth of the arch to meet this vertical, to 
give the intersection from which the w’eight of 
half the arch complete must be set olT to scale 
downw^ards, and from which an inclined line 
must be drawn through the centre of the skew- 
back. Then the parallelogram of forces is 
completed by drawing from the bottom of the 
vertical line a horizontal line to meet the line 
of thrust through the skewback, and another 
inclined lino upw^ard.s, parallel to the first 
inclined line. Then the length of the lines of 
the parallelogram marked H and T give respec- 
tively the thrusts to balance the load W, ^Fhc 
thrusts being obtained, the required depth of 
arch ring may be calculated according to the 
strength of the material, and, if necessary, the 
increased thrust at the skewback may be met 
bv increasing the depth of the arch towards the 
abutments. In brick arches this is sometimes 
done by increasing the number of arch rings 
tow ards the ends, as in 17, and in stone arches by 
increasing the depth of the voussoirs as in 18, 
Straight Arch. A straight arch, such 
as the gauged arch over a window, is con- 
sidered by some not to be an arch at all ; but if 
the conditions be investigated, it will be found 
that it virtually contains an arch ring half the 
depth of tile straight arch, and with a rise of the 
same amount, as shown by the dotted lines 
in 19. This w'ill also show that the angle of 
the skewback should be such as to lie in a radial 


line from the centre from which this virtual arch 
is struck, so as to be perpendicular to the thrust. 

Forces Acting on a Voussoir. The 

forces acting upon a voussoir or arch stone are 
shown in 20. The thrust T, from the next 
higher voussoir, is combined with the weight of 
and upon the present voussoir to give a new 
thrust to carry forward to the next lower 
voussoir. Tlio angle a must always lie less 
than the limiting angle of resistance, or .sliding 
will occur, and the thrust line must be within 
the middle third, in ordcT that the effect may be 
one of pure compression. 

External Load on a Bridge. The 
external load on a bridge duo to the traffic may 
be taken as 2 cwt. to !y cwt. per foot suptu’., 
according to circumstances, and added to the 
diagram, as if it formed part of the dead load of 
the Htriicture, as shown by the upper portion 
in 21. The main thrusts will then be found as 
before, including this load, and it is usual to 
show the curve of thrust tliroughout the whole 
of the arch. This is done by dividing up the 
arch into assumed voussoirs and producing 
vertical linos up to the top : then, locating thii 
centre of gravity of each portion, and dropping 
vertical lines to represent force lines due to the 
weights, these \vt‘ights will be set down in order 
on the reciprocal diagram 22, the figures 
corresponding as in the usual method of drawing 
the load line on reciprocal diagrams. The 
horizontal distance [l—O] will then, upon the 
same scale, be made equal to the horizontal 
thrust at the crown and vectors, drawn from 
point 0 to the divisions on the load line, and 
parallel to these the curve of thrust will be 
drawn piecemeal across the spac^cs in 21, as 
in the case of an ordinary funicular polygon. 
For stability, this curve of thrust should pre- 
ferably keep within the middle third, but if 
at any point it comes nearer to the intrados or 
extrados of the arch ring, the pressure on the 
joint will be greater, but not necessarily too 
great for safety. 

Curve of Thrust. It should be under- 
stood that the curve of thrust does not indicate 
that the pressure is concentrated along that line 
alone ; the line merely shows where iho ceqi^re 
of pressure cuts each joint, the resistance b^g 
spread over the whole surface of the joint, 
exactly in the same way as the resistance at 
the base of a retaining wall is proportioned over 
the surface of the base, according to the position 
of the resultant. 

Minimum Depth of Arch Ring. It is 

a curious fact that there is a minimum depth of 
arch ring, according to the span and rise of the 
arch, independent altogether of the load upon it. 
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This eirises from the necessity of keeping the 
curve of thrust sufficiently within the arch ring. 
A covering arch, 10 ft. span, formed of one ring 
of brickwork 4j in. thick, set in cement, was 
built over a tank and had to carry its own weight 
only. Before the centering was removed, the 
arch bulged at the sides, about halfway between 
the springing and the centre, and when the center- 
ing wixs removed, the arch collapsed altogether. 
The reason will be seen by observing the position 
of the curve of thrust as shown in 23 which is 
constructed from the reciprocal diagram 24 . 

The lettering of the illustration shows the 
order of construction. AB in 23 is the half 
elevation of the arch, which is divided up not 
into the actual bricks, but into convenient 
portions for the method of working. Draw a 
vertical line tlirough the centre of gravity of 
each portion, representing the direction in which 
its weight acts. Number the spaces between 
these force lines and draw the line of loads CD 
[ 24 1- iSelect any pole E, and draw vectors 
to CD. From any point F on line I — 2 of 23 
and across space 2 draw a line parallel with the 
vector from 2 in 24 . Continue across all the 
other spaces with lines parallel to the vectors, 
finishing at G. Now draw lines from F and G 
parallel with the vectors 1 and 14, to meet at H. 
From J draw a horizontal line through the centre 
of the arch to mi'ct a vertical lino from H at 
point K ; join KL at the centre of the skcwbiick, 
and produce to give the resultant. Now in 234 
drawD^Sl paralhd to JK — that is, horizontal — and 
CMi)arallel to KL. Join all points on CD with 
M 15, th(*n these lines will represent the thrust 
throughout the arch. The' “ curve of thrust ” 
N is found as follows : from point L across 
space 2 draw a line parallel with 15 — 2, then 
continue across space 3, parallel to 15 — 3, and 
so on, until B is reached. For the arch to be 
stable without ttmsion on any part this curve 
should be cveiywhcre within the thickness of 
the arch ring. If the arch be made to the same 
curve as the line of tlinist, the arch will, of course, 
be under the best conditions of stability, pro- 
vided that in finding the line of thrust all the 
circumstances, such as accidental load, wind, etc., 
have been taken into account. 

Thrust from Semicircular Arch. Tt 

is another fallacy to suppose, as many do, 
that there is no outward thrust from a semi- 
circular arch. Whatever the horizontal thrust 
may be at the crown, there is a similar hori- 
zontal equivalent on each side acting outwards. 
An illustration of this occurs in 23^ where the 
inclined thrust at the skewbacks may bo resolved 
into the two directions, vertical and horizonUl, 
when it will be found that the horizontal com- 
ponent is equal to the horizontal thrust at the 
crown. It is a law of nature that the line of thrust 
takes the shortest possible course from the load 
to the support, so that if an arch ring be assumed 
to have no weight the thrust from a concentrated 
load on the centre would pass in straight lines 
to the skewbacks ; and where a distributed load 
is carried, the horizontal thrust at the crown is 
depressed by tlie load it meets as it passes each 
joint towards the skewback. 


Concentrated Loads on Arches. A 

concentrated load upon an arched bridge, as 
from the w'heels of a steam roller or traction 
engine, produces a great distortion of the curve 
of thrust as the load passes over the haunches. 
Such a case is shown in 25. The load tends 
to spread outwards in all directions in passing 
downwards to the arch ring, but it will be 
sufficient to consider it as spread over a distance 
about equal to the depth from the road surface 
to the arch ring, or even over one or two voussoirs. 
After dividing up the arch into the actual or 
assumed voussoirs, and finding the w'cight above 
each, the position of the vertical through the 
mean centre of gravity of all the loads, including 
the concentrated load, should bo found by 
funicular polygon as sho\vn, and then the mean 
centre of gravity lino for each half. The pre- 
vious descriptions will enable the method of 
constructing the reciprocal diagram 28 to be 
readily understood. 

Is a Keystone Necessary ? Tt is a 

common error to suppose that a keystone is 
necessary for the stability of an arch ; it is 
purely a matter of taste, and the fact that count- 
less thousands of brick arches exist without a 
keystone ought to be a sufficient answer to the 
holders of tlu^ idea that it is necessary. In the 
fronts of buildings the arches are often finished 
with a keystone or similarly -shaped block of 
gauged brickwork, but this is for the sake of 
a])pc*arance only. 

Stability of Abutments. ^Phe abut- 
ment of a bridge is generally filled in with earth 
at the back, and this to some extemt resists 
the thnist of an arch and reduces the necessary 
thickness. The wing walls of the bridge are 
continuous wdth the face of the arch, either in the 
same plane or at right angles to it, or at some 
inicrmedialc angle. When curved wing walls 
are adopted they may commence in the same 
plane as the face of the arch and terminate 
at right angles to it. The wing walls give great 
support to the abutments, but they do not often 
enter into the calculations. Buttrc'ss w^alls may 
also be placed at intervals between the wdng 
w'alls to give support to the abutments, and per- 
mit of a reduction in their thickness. A j)laiTV 
abutment without buttresses is shown in 27. 
Plain abutments usiuilly stop at or shortly 
above the skewhaek. and are then cov^ered by the 
tilling as in this case. To ascertain the stability, 
the mean centre of gravity of the abutment w'all 
and the earth above it is found, and this w'eight 
is combined with tlie thrust of the earth, then 
the resultant is combined with the thrust of the 
arch, and the position of the final resultant 
with regard to the base of abutment together 
with the value of its vertical component deter- 
mines the maximum pressure upon the base. 

Stop Abutments. In the case of railway 
viaducts of several arches, the thrust of one is 
counteracted by the thrust of the next, so that 
the abutment or pier between has only the direct 
weight of the superstructure to carry. If, 
however, by fire or other accident one arch 
should fail, all the rest would fall by reason of 
the unsupported thrust. To prevent this it is 
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usual to put a stop abutment at every tctitli arch, 
so as to confine any such accident within those 
limits. The stop abutment is made sufficiently 
strong to withstand the thrust of an arch or of 
a series of arches if the next one should fail. 


Suspension Bridge Chains. The chains 
for a suspension bridge take the same shape as 
the curve of thrust of an ordinary arch, but 
inverted. If the load be taken as approximately 
uniform over the span, the curve will be a para- 
bola, and this is generally tlie ctise, owing to the 
excessive weight of the Iroadway compared with 
the chains themselves. Moreover, the catenary 
curve, which is the true shape of a suspended 
chain, is indistinguishable from a parabola when 
its dip does not exceed one- tenth of the span. 
When deeper, the catenary is seen to bo nearer 
to the shape of a circular arc. The catemary is 
also a difficult curve to draw, while the parabola 
is very easy. 

Stresses in Suspension Chain. The 

stresses in a suspension chain can bo shown 
very readily by a graphic diagram. Lot AB(J 
[28J represent the elevation of a suspension 
chain uniformly loaded throughout the span 
with a total load AC, then by reciprocal diagram 
let ac [29] cipial the line of loads, draw ad, cd, 
parallel to tangents to the chain at A and (t, 
then the lengths ad, cd, will give the stress at 
points A and C. Similarly, dh parallel to tangent 
at B, or de parallel to tangent at E, will give the 
stresses at those points. Allowance may be 
made for any want of uniformity in the actual 
loading by setting off uix)n the load line of 
the reciprocal diagram th<5 load to be carried at 
each of the points of attachment. 


Effect of Dip in Chain. The effect of 
reducing the dip or deflection of the chain in 
increasing the stress may bo shown comparat ively 
by diagram 30, where AB is the span and dc the 
deflection. Then, according to the rule for a 
parabola, make ce equal to dc, and join Ae to give 
the direction of the tangent to the curve at point 
A. Complete the enclosing parallelogram AHfg, 
then Ah, being the tangent, Af ; load on 
Ac :: f h : stress at c, or stress at c = load 

: Take point k so that dk equals half 

dc, then Ac, being the tangent, A/ : load on Ac : ; 


on Ac 


fc : stress at k, or stress at A; = loiul on Ac x 


AJ 

Again, take point I so that dl equals half dk, 
then Ag, being the tangent, AJ : load on Ac : : 

Jg : stress at I, or stress at I = load on Ac x 

from which it will be seen that the general 
statement may bo made of halj the dip, double 
the stress. 


Stress by Calculation. The tension 
at the lowest point of the cable follows the same 
law as the flange stress in the centre of a girder, 
or the thrust at the centre of an arch — ^viz., 
W/ 

T = gj, where T — tensile stress in tons, W 

= total load in tons, I == span in feet, and d 
= dip in feet.. The tension at the piers will 
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manifestly bo increased by the weiglit of the 
chain being suspended from those points. The 
amount of the tension in the cable at the piers 
will be given by the formula 



Tension in Backstay and Pressure 
on Pier. The tension in the backstay, or 
anchor chain, and the pressure on the pier will 
depend upon the angle sit which the former 
leaves the pier. If it is curved, then the tangent 
to the curve must be taken as the virtual 
direction. An illustration is shown in 31. 
Lot A be the top of pier ; sot off half the span of 



THE MANHATTAN BBIDOE IN COURSE OF 
ERECTION. SHOWING CHAINS FOR SUSPENSION 


suspension chain to any scale, and at the end set 
off twice the dip to the same scale, and through 
the point so found draw line AB, which will be the 
tangent. Let AB equal the tension to any given 
scale ; then, if the cable is free to move over the 
piers, the tension will bo of the same amount in 
the backstay ; therefore draw AO equal to AB, 
and let AO follow the direction of the tangent 
to the backstay. Then complete the parallelo- 
gram BAOD and draw the diagonal, which will 
give by its length the resultant pressure and its 
direction upon the xiier. HENRY ADAMS 
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The Concluding Part of a Short Study In Modern English Prose, 
yiiih Notes on the Leading Writers and Their Characteristics. 

MORE RECENT PROSE WRITERS 


I T is not to be denied that in the making 
of literature the perspective of time is 
more important to the forming of a 
lasting estimate than in any of the other 
arts ; but as none but the dry-as-dusts 
can subsist exclusively on the literature 
of the past, and contemporary literature 
must ever be the most widely read, we 
need make no apology for taking reason- 
able interest in its creators, and including 
here references to living authors. 

The twentieth century prose men 
carry forward the literary tradition on 
lines somewhat different from those 
that were followed by the writers of 
even the later part of the previous century. 
We have seen how the newspaper and the 
magazine diverted the great eighteenth- 
century talent for letter-writing into 
public instead of private channels. We 
have now to notice how the changes in 
the newspapers and magazines theinselvts 
have modified the style and, to a con- 
sitlerable extent, the point of view of those 
whom wc call the writers of today. Here 
and there arc a few young writers who 
haunt the old paths, the “ bookish ” 
shades, but in the main the essay has 
btxome the- “ article, and the article, as 
a rule, has a very definite character foreign 
to the essay proper. This is due in its 
turn to the progress of that popular 
movement inaugurated by the first Reform 
Act and the rise of the newspaper Press. 
The article is, in other words, the answer 
to the demand of the people for concise 
information on subjects which they have 
had no special opportunity to study. 

With the widespread development of 
education the exclusive and specialised 
power of the pen passed from the hands of 
a “ literary " class, and the men of letters 
ceased to be a sort of priesthood. There 
is no literary “ class today, although 
vastly more men and women make their 
livelihood by the pen than in any previous 
age. There is no literary class, because so 
many are potentially literary who are 
content to remain readers. Then, again, 
those who write for a livelihood must 
address themselves to the interpretation 


and solution of what are called ‘‘ questions 
of the day,” because it is ‘‘journalistic 
intere.st ” that rules. These “ questions,” 
it is true, are often literary in a sense, but 
every writer who npw secures any con- 
siderable hold upon the public is com- 
pelled to recognise that life is greater 
than literature. 

% 

This demand for the “ human ” as 
distinct from the “ literary ” interest 
in letters has led to a vast increase in 
the output of fiction. The vogue of the 
novel has been attended by revolutionary 
changes in the form of that type of 
literary work, and has drawn into the 
service of fiction great numbers of men 
and women wlio might, under less com- 
petitive conditions, have devoted their 
gifts and talents to other departments 
of the literary production. A notable 
example was found in the case of George 
Meredith (b. 1828 ; d. 1900). whose 
avowedly critical work is represented by 
one tiny volume, his “ Essay on Comedy.” 
Sir James J^arrte (b. i860) is another 
whom the novel, and, later, the stage, has 
claimed, though his miscellaneous writings 
in literary criticism — not yet, and little 
likely ever to be, collected into book form 
■ — disclose a quite unusual talent for that 
form of work. 

More and more the daily and weekly 
newspapers and the monthly magazines 
arc likely to become the mediums of circu- 
lating the best that living prose has to 
afford, not only in criticism of life and 
letters, but in creative fiction also. The 
book will be mt^rely the convenient 
secoiidar}^ condition of the great body of 
twentieth century prose, for permanent 
record and reference. 

A point to be noted is that the scholar 
need no longer be a mere creature of the 
library, living entirely in and for his 
books, but that he may be equally, or to 
some extent, a man of the world. This is 
perhaps the real point of difference 
between the scholarship of the last 
century and that of the century in which 
we are living. The vivifying and humanis- 
ing influence that comes from participation 
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in the active life of the world is modifying the 
work of our prose writers so that less and less in 
the coming years will it “ smell of the lamp.’* 
In this respect the prose literature of the 
twentieth is likely to differ more remarkably 
from that of nineteenth century than the latter 
from the prose of the eighteenth. Yet it is no 
new thing ; it is essentially a return to a condi- 
tion that has obtained at other times in the 
history of letters. 

Viscount (John) Mobley (b. 1838) is the moat 
typical example in th^ first quarter of the 
twentieth century of a ihan of letters who is 
also a man of affairs. Though he has held some 
of the highest offices in the State, he has never 
surrendered his literary role, but from time to 
time has given reminders, by the quality of 
speech or article, that in the responsible states- 
man a craftsman of the first order still keeps his 
literary ideals undimmed. Before he wrote his 
tmffnum opiis^ the “ Life of Gladstone,” Morley 
had won a European reputation by his studies 
of Burke, Voltaire, Rousseau, Diderot, Cobden, 
Oomw'ell, and Machiavelli. Though his style is 
marked by a philosophic severity, caught 
perhaps from John Stuart Mill, who was his 
acknowledged master in economics and to some 
extent in politics, he can* on occasion rise to a 
full-toned eloquence which carries the pro- 
foundcst thought with grace as well as power. 

Recent Historical Writers. Among 
historical writers who have comg into their own 
since the period we have ended with Stevenson — 
though some of them have joined the majority — 
wo must mention Lord Rosebery (b. 1847), whose 
Napoleonic studies demand special mention, 
as do those also of J. ItoLLANO Rose (b. 1855). 
Martin Hume (b. 1847 ; <1. 1910) explored the 
Spanish and English archives, and added 
greatly to our knowledge of tho Elizabethan 
period. Albert Frederick Pollard (b. 1869) 
is tho uthor of valuable Lives of Cranmer and 
Henry VIII. George Macaulay Trevelyan 
(b. 1876) has witten studies of the England of 
Wycliffo and of the Stuarts. John Edward 
Courtenay Bodlby (b. 1853) is one of tho 
greatest English authorities on modern France. 
Edward Dicey (b. 1832; d. 1911) was an 
authority on the Balkans and Egypt. Albert 
Venn Dicey (b. 1835) has written valuable 
works on constitutional law. Edward Spencer 
Bbesly (b. 1831) is the author of a vivid study 
of Queen Elizabeth as a “Statesman.” To 
James Gairdneb (b. 1828 ; d. 1912) we were 
indebted for a standard edition of the Paston 
Letters and for invaluable labours os editor of 
the Calendar of State Papers of Henry VIII. ’s 
reign. William Henry Fitohbtt lias done 
a great deal to popularise the story of the 
Empire. Stanley Lanb-Poolb (b. 1854), the 
historian and archceologist, has written volu- 
minously and authoritatively on India and the 
East generally, and his bio^aphies of Stratford 
de RMcliffo, Sir Harry Parkes, and many other 
notable men are works of standard quality. 
Augustus Jbssop (b. 1824; d. 1914) wrote 
admirably of Elizabethon men and movements 
and of the medi^sval Church in England. Faakois 
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Aidan Gasquet (b. 1846) is the most prominent 
Roman Catholic historian of our day, and a 
great controversialist. Sir Robert K. Douglas 
(b. 1838; d. 1913) was a notable Orientalist. 
The work of Alice Sophia Amelia Green 
merits honourable mention by the side of that 
of her late husband, of “ Short History ** fame. 
John Horace Round (b. 1854) has also made 
considerable contributions to the sum total of 
our historical knowledge. 

A Group of Scholani. Of writers on 
classical, philosophical, and economic subjects 
must be named John Pentland Mahaffy 
(b. 1839) ; Arthur James Balfour (b. 1848), 
whose “ Defence of Philosophic Doubt ” and 
“ Foundations of Belief ” have awakened much 
discussion ; Alfred Russel Wallace (b. 1823 ; 
d. 1914); Jambs Sully (b. 1842); Sir Edward 
Burnett Tylor (b. 1832) ; Sir Arciubald 
Geikib (b. 1835) ; Sir Norman Lockyer 
(b. 1836) ; Richard Burdon Haldane (b. 
1856) ; William Cunningham (b. 1849) ; and 
Alfred Marshall (b. 1842); John Beattie 
Crozier (b. 1849); John Atkinson Hobson 
(b. 1858), anti Sir Oliver Lodge (b. 1851). 

Some Theologians and Higher 
Critics. Leading writers on theology and 
Biblical criticism include the following : Samuel 
Rolles Driver (b. 1846 ; d. 1914), Thomas 
Kelly Cheynb (b. 1841), Herbert Hensley 
Henson (b. 1863), Charles Gore (b. 1853), 
William Boyd Carpenter (b. 1841), William 
Henry Fremantle (b. 1831), George Adam 
Smith (b, 1856), Stewart Salmond (b. 1838), 
WnxiAM Henry Bennett (b. 1855), James 
Hastings, Marcus Dods (b. 1834), Peter 
Taylor Fokryth (b. 1848), Andrew Martin 
Fairbairn (b. 1838 ; d. 1912), Robert Forman 
Horton (b. 1855), W. F. Adbney, Cunningham 
GEiKiE(b. 1824; d. 1906), and Joseph Agar Beet 
(b. 1840). Tho names of Archibald H. Sayoe 
(b. 1846), tho Assyriologist, William Mat- 
thew Fwnders Petrie (b. 1853), the Egyp- 
tologist, and Ernest A. Wallis Budge, 
))erhai)s tho greatest of living Assyrian and 
Hebrew scholars and antiquaries, also claim 
mention here. 

Some Famous Editors. When the 
sum of our knowledge of the Elizabethan 
dramatists comes to be computed, it will be 
difficult to over-estimate what we owe to the 
self-sacrificing labours of A. H. Bullbn (b. 1857). 
Other leading editors are : Israel (^llancz 
(b. 1864) ; Sir Henry Craik (b. 1846) ; William 
Aldis Wright ; William Walter Skbat 
(b. 1835), the Chaucerian scholar ; Sir Adolphus 
William Ward (b. 1837), the historian of 
English dramatic literature ; Henry Benjamin 
Wheatley (b. 1838), editor of “ Pepys* Diary ** 
and student of the history and celebrities of 
London ; John Wesley Hales (b. 1836) ; 
Charles H. Herford (b. 1853), whose “ Literary 
Relations of England and Germany in the 
XVItb Century’* opened up new ground for 
literary research, and at the same time covered 
the area with remarkable thoroughiim ; Paget 
Toynbee (b. 1855), the great authority on 
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Dante ; Ernest Hartley CoLERiDCiB (b. 1846) ; 
Rowland E. Prothero (b. 1852), the editor 
of Byron’s Letters ; George Walter Prothero 
(b. 1848), author of “ The Life and Times of 
Simon de Montfort ” and other historical works ; 
William Michael Rossetti (b. 1829), editor of 
many poets, who has given us a standard edition 
of the works of his sister Christina ; William 
Carew Hazlitt (b. 1834) ; William Paton 
Kbr (b. 1855), whose “ Essays on MediaBval 
Literature” afford a necessary corrective to 
dithyrambic Elizabethanism ; John H. Ingram 
(b. 1849), author of an excellent Life of Edgar 
Allan Poe,” and editor of various editions of 
Poe’s prose and poetry ; Edward Verrall 
Lxtoas (b. 1868), the latest and most complete 
biographer of Charles Lamb, and the compiler of 
charming anthologies ; William Archer (b. 

, 1856), the translator of Ibsen and a trenchant 
critic both of literature and the drama ; Arthur 
Bingham Walkley (b. 1855), perhaps the most 
original of living vTiters on contemporary drama ; 
George Atherton Aitken (b. 1800), the 
biographer of Steele and the editor of the best 
edition of “The Spectator”; Edmund Kerciiever 
Chambers (b. 1866), author of a valuable work 
on “ The Mediieval Stage ” ; Thomas Wright 
(b. 1859), the authority on Cowper ; Stephen 
Gwynn (b. 1864), a leader of “ the Celtic Rcnaia- 
Rance ” ; Arthur Symons (b. 1865), one of 
the most versatile of writers ; G. S- Street 
(b. 1867), a graceful essayist ; Charles Wiiiblby, 
author of “ A Book of Scoundrels ” ; Edward 
Arber (d. 1913), whose reprints are almost as 
famous as they are valuable ; Sidney Colvin 
(b. 1845), whose “ Life of Landor,” “ Letters of 
Keats,” and” Letters of Stevenson ” are notable ; 
Hilaire Belloo (b. 1870), a Roman Catholic 
writer, whose ” Path to Rome ” and ” The Old 
Road ” are of special value ; Thomas Seccombe 
(b. 1866), author of several excellent histories 
of literary periods and a competent editor ; 
Arthur Waugh (b. 1866), editor of Dickens, 
Milton, Tennyson, and Johnson, and critic of 
general literature ; George Wyndham (b. 1863 ; 
d. 1913), whose edition of Shakespeare’s “ Son- 
nets ” is distinguished by an introduction that 
merits more attention than it has yet received ; 
Sir Frank T. Marzials (b. 1840; d. 1912) ; and 
last, but not least, Sir Sidney Lee (b. 1859), 
whose ” Life of Shakespeare ” may be said to 
sum up all that is known of the career of the 
national poet, and whose ” Life of Queen 
Victoria ’* is another luminous and frank 
summary of carefully digested data. 

A Course of Study in Contemporary 
Prose* To begin with History, there are two 
works which the student will do well to have on 
his bookshelves. One is Haydn’s “ Dictionaiy 
of Dates ” (Ward, Lock), and the other “ A 
Handbook of European History, 476-1871, 
Chronplogically Arranged,” by Arthur Hassall, 
M.A. (Macmillan, 1897). 

A good grounding in modern European history 
will be gained by a study of Sir Theodore' Martin’s 
” Life of the Prince Consort,” Sir Sidney Lee’s 
“ Life of Queen Victoria ” (Smith, Elder), 
Justin McCarthy’s “History of the Four Georges 


and of William IV.” and “ History of Our ()A\n 
Times, from the Accession of Queen Victoria 
to 1897 ” (Chatto & Windus), and Viscount 
Morley’s “ Life of Gladstone ” (Macmillan). 
All of these works are as delightful to road as 
they are informative. For the study of Greater 
Britain we commend “ A Short History of the 
Expansion of the British Empire, 1500-1870,” 
by William Harrison Woodward (Cambridge 
University Press) ; “ Problems of Greater 

Britain,” by Sir Charles Dilke (Macmillan) ; 
and Sir A. C. Lyall’s “ Asiatic Studies,” “ Rise 
of the British Dominion in India ” (Murray), and 
the “ Rulers of India Scries ” (Oxford University 
Press). We would commend also Mr. J. E. C. 
Bodley’s “ France ” (Macmillan) and the 
“ Journals ” of the Royal Colonial Institute and 
Society of Arts. 

Literary Biography, History, and 
Criticism. There is no more interesting and 
valuable biography for the literary student than 
the memoir of Tennyson, by his son. Next to this 
we should place “ The Letters of Robert Brown- 
ing and Elizabeth Barrett,” edited by R. B. 
Browning (Smith, Elder). A valuable handbook 
is Mr. Frederick Ryland’s “ Chronological Out- 
lines of English Literature,” from the year 600 
to 1899 (Macmillan, 1890). Of Dr. Georg Brandcs’ 
“ Main Currents of the Literature of the Nine- 
teenth Century” and M. Fr6d^ric Lollicc’p 
“ History of Comparative Literature ” sound 
translations have been published by Messrs. 
Heinemaiin and Hodcicr «fe Stoughton respec- 
tively. Professor Saintsbury’s “ Loci Critiei ” 
contains a series of passages illustrative of 
critical theory and practice from the time of 
Aristotle to the day of Matthew Arnold. It i? 
published by Messrs. Ginn. Other works of value 
are “ Principles of Criticism ” (Allen) and 
“ Judgment in Literature ” (Dent), by Basil W. 
Worsfold ; “ Studiesin Literature” (Kegan, Paul), 
by the late Professor Dowdon ; the “ Miscellanies ” 
(Macmillan) of Viscount Morley ; “ Questions at 
Issue ” (Murray), by Edmund Gosse ; the 
“ Obiter Dicta,” and its companion volumee 
(Elliot Stock), by Augustine ’Birrell ; and the 
“ Studies in Two Literatures ” (Heinemaiin), by 
Arthur Symons. More recent biographical works 
reaching a very high standard of workmanship 
are the “Life of John Ruskin” and the “Life 
of Florence Nightingale,” both by Sir Edward 
Tyas Cook. 

GreeK and Latin. The late Professor 
S. H. Butcher’a “Aspects of the Greek Genius,” 
Professor Gilbert Murray’s “ Ancient Greek 
Literature,” and Professor J. W. Mackail’e 
“Latin Literature” are works that are among 
the best of their kind. 

Continental Literature* Dowden’s 
“ History of French Literature ” and the othei 
volumes in Heinemann’s “ Short Histories of 
the Literatures of the World” are commended. 

The student of philosophy and religion should 
consult the works the titles of which, in any 
good biographical handbook, are attached to 
the names of the writers referred to in our list 
of the leading representative writers of the dav. 

J. A. HAMMERTON* 
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The Biggest Government Department. Employment in London and 
the Provinces for Learners, Sorters, Cierks, Postmen, and Messengers. 


THE POST OFFICE SERVICE 


T he Postmaster-General is the greatest em- 
ployer of labour in the kingdom. The 
slatT of 'which he is the official head numbers in 
all over 200, (MK) persons, of whom about one- 
fourl h are women. This giant force includes both 
established Civil servants, male and female, and 
an unestablishcd section comprising messenger 
boys, supernumeraiy postmen, temporary officers, 
and others whose terms of employment do not 
confer any right to a pension. 

There is scant use in enlarging upon the variety 
and volume of work performed by the Post Office 
in all its ramifications, extending from the village 
shop counter, where stamps are retailed, to the 
huge headquarters of the department, which 
are among the show places of our capital. 

The Amazing Growth of the Post 
Office. Of greater practical importance is the 
fact that for a century, at least, this monster 
department has grown with amazing speetl. The 
evolution of railways, the introduction of penny 
postage, the acepurement in 1870 of virtually 
nil telegraphic systems, and the incorporation, 
as recently as 1912, of the London Exchange area 
of the National Telephone Company, with its 
staff of some 15,000 employees, have marked the 
most striking stages in a development that has 
been practically continuous throughout. 

Despite the cheapness and efficiency that 
characterise Post Office work, the great national 
service, far from being a charge upon the country, 
prcxluccs an annual profit of between four and 
six millions sterling. 

Two outstanding features of this giant depart- 
ment call for notice. It is the most democratic 
among Government offices in providing ladders 
by which merit may rise from grade to grade, 
and it makes more complete provision for the 
future of its youftg workers than almost any 
other employer of boy labour. 

Women as Post Office Servants. 

The Post Office service is distinguished also 
from all other Government offices by the great 
number of females it employs. In district 
branches much of the counter and telegraph 
work is performed by girls and women ; tne 
Central Telegraph Office provides occupation 
for more than a thousand female telegraphists ; 
there arc upwards of four thousand telephonists 
on the staff of the T.<ondon telephone service ; 
and other sections of the headquarters possess 
a strong contingent of girl clerks and sorters. 

Women engaged on the establishment of the 
General Post Office — as in other State depart- 
ments — are under tlio same general rules, and are 
entitled to pensions on exactly the same scale, 
as their masculine colleagues. They are subject, 
however, to one important disability. Except in 


the case of the postmistresses, who are specially 
exempted, female officials must be unmarried 
or widow's, and they are required to resign their 
appointments on marriage. 

In that event, happily* the service which 
otherwise would count towards a pension does 
not go entirely unrecognised. Women who have 
served for not less than six years receive, when 
quitting the service in order to be marriexi, a 
special Treasury gratuity. The amount of this 
W'edding gift is fixed at one month’s pay for every 
completed year’s employment up to a maximum 
of twelve years. A clerk earning, for instance, 
£84 a year W'ould be entitled after six years’ 
service to a marriage gratuity of £42, after nine 
years to £63, and after twelve years to £84. 

A candidate for a permanent appointment 
on the Post master- General’s feminine staff — 
w^hether in liondon or otherwise — must be at 
least 5 ft. in height. She is generally required, 
also, to reside either wdth her parents or 
guardians or w ith friends of w hom they approve. 

London and Provincial Services. 

The general staff of the Post Office, in all large 
towns as well as in the metropolis, is largely 
recruited by the appointment of learners of either 
sex, who are trained in telegraphy and counter 
duties. The J.«ondon service includes also a 
niiml>er of male and female sorters attaeshed to 
the central and district offices. It should bo 
specially noted that in respect of each of these 
grades, three distinct methods of making ap- 
pointments are adopted. The first and most 
important is that of open competition. For the 
otliers the nomination of the Postinaster-Ceiicral 
is essential, the candidates approved by him 
competing among themselves for vacancies or 
having merely to pass a test of efficiency. During 
recent years there has been an increasing tendency 
to reserve both learnerships and sortorships for 
limited,competition among approved candidates, 
and especially among those already serving in 
the Post Office. Boy messengers, in particular, 
have excellent chances of winning such posts, 
and aspirants will hardly need to be reminded 
that the wicket-door of nomination is an easier 
means of entrance than the thronged gateway 
of a public contest. 

Those readers w^o are not already postal 
servants, and who desire nominations for the 
posts of learner and sorter, may be interested 
to learn that private influence with the Post- 
master-General is not essential. The likeliest 
method of succeeding is to enlist the good offices 
of the district postmaster or other official on 
whose staff the coveted vacancy arises. For 
candidates who are unable to secure a nomination 
the public contests are always available. 
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The Examination for Learners. 

Competitions for these berths are held once or 
twice yearly, in London and at each jirovincial 
town where vacancies exist or are expected. 
The conditions of duty for London learners 
and their rates of j>ay differ slightly from those 
obtaining in provincial offices, but the examina- 
tion subjects are identical. Indeed, for all 
leamerships throughout the Post Office service — 
whatever the sex of the candidate or the mode 
of filling appointments — a single examination 
scheme is prescribed by the authorities. It is 
of the simplest character, comprf6ing only the 
following three branches : 

1. English composition, including writing and 
spelling. 

2. Arithinetic. English and metrical weights 
and measures, reduction, vulgar and decimal 
fractions (excluding recurring decimals). 

3. General geography, with special reference 
to the British Isles. 

A total of at least half marks is necessaiy in 
order to qualify. 

Male Learners. The same standard of 
height — namely, 5 ft. — is fixed for these officers 
as for female Post Office servants, but by a 
eurious regulation male learners are further 
notified that Uuy vill not b(i retained in the 
service unless they reach 5 ft. 4 in. by the age of 
H). In London, wliere the system of open 
eojii petit ion is entirely suspend eel for the present, 
candidates must be bet ween, the ages of 15 and 
18. In the provinces, limited contests between 
lads of 15 and 17 arc the rule, but occasional 
examinations open to anyone within the 
limits of 14 and 10 are held when the supply of 
nominated candidates is small. 

The London Staff. Successful candidates 
attend for eight liours daily, receive instruction 
in telegraphy and afterwards in counter duties 
during about a year, and are paid 8s. a week 
indantime. While under tuition their engage- 
ment may bo cancelled if they show no proper 
aptitude for the work. They are liable to do 
Sunday work and sorting duties, and on reaching 
the age of 18 will be called upon to do night- 
work when requisite. As vacancies occur, 
proficient learners are appointed to the estab- 
lished staff at a salary of 18s. a week, either 
as telegraphists at the Central T(4egruph Office 
or as counter clerks and telegra})hisis in the 
London postal service, from which moment 
their service begins to count towards a pension. 
At the age of 18 fheir weekly pay is increased 
to £1. From that figure it rises every year 
by increments varying between 2s. and 4s. a 
week up to 44s. a week. An officer who obtains 
“ a certificate of excellence of conduct and 
ability to perform the highest duties of his class ” 
continues to advance to the maximum of 65s. 

In both branches of the London service 
these officers are eligible for promotion to certain 
higher appointments, relatively few in number, 
ranging from the grade of overseer, at £180 a 
year, up to that of inspector or superintendent, 
with a salary of £350 or £400. 


Provincial Posts/ Male learners iji 
provincial centres are trained much us in tin* 
J.«ondon service, but their wages, both before* 
and after promotion to the establishimmt, 
vary slightly in the different towns, and are 
generally railier less than in the capital. Begin- 
ning at 6s. a week, and rising to 9s. when efficient 
at telegraphy, and 14s. next year, they become 
sorting clerks and telegraphists as vacancies 
occur. At the ago of 18 their pay is 17s. a week, 
and in certain towns 18s. 1'hejiee it progresses 
each year by 2s. weekly or more to 39.s. fid. or 
41s. fid. ; and, if a certificate of comluct and 
ability is obtained, to a maximum of 4Ks. to Sfis. 
a week, according to tlie size of tlu^ town. 
Meritorious officers have also good chances of 
advancement to the positions of assistant- 
controller, superintendent, and provincial post- 
mast* r, with remuneration varying from £180 
to £600 a year. 

Female Learners. The examination 
schemo for these posts being the same as those 
for men, and the gc^ncral conditions of 8crvi(;*^ 
very closely similar, a few words will suffice 
for such differences in rcspc'ct of age, pay, and 
other matters as call for comment. 

In all limited competitions the ago is fix(*(l at 
15 to 17, but at of)cn contests for the London 
service it is 14 to 17, and for the provincial 
services 15 to 18. ()p*‘n competitions for 

vacancies as female learners have lately been 
held twice yearly, and are very keenly contested 
as a rule. 

Except that women, while liable^ for Sunday 
duty, are not called uj^ou to perform night-work, 
the mode of instruction and hours of duty 
are the same for f(*tnale as for male officers, 
but the rates of j^ay, although they have been 
recently improved, are still a good deal It'ss. 
Female learners in ilie London branch are ])ai(l 
7s. a week on entry, and 10s. fid. when certified 
as competent for telegraph instrument duty. 
After a year’s service at this figure, if still l(‘ss 
.than 18 years old, they receive I4 h. wt'ckly. 
They are promoted to the establislu'd class as 
vacancies arise, and then receive l(5s. a week if 
less than 18 years old. By a speeiaj ju-ovisioii of 
the Postmaster-GtauTal, every imunber of the 
London 8(*rvice, whetlic^r promot<‘d or not, 
receives from her eighteentli birthday tlie “ age 
pay” of 18s. a week. From that salary, estab- 
lished clerks advance by annual increments of 
2s. weekly to 30s., and, on obtaining a certificate 
of proficiency, by Is. yearly to 40s. a week. 
They are also eligible for higher posts at £130 a 
year and upwards, but these are few. 

In provincial towns slightly lower rates 
prevail both for learners and for established 
clerks. The salary appointed by the regulations 
for officials of either class on their reacliing the 
age of 18 is 15s. or, in some cases, 14s. weekly. 
Officers on the establishment receive, as in 
London, annual advances of 2s. and Is. a week, 
but the maximum attainable varies between 
32s. and 368. There are also further possibilitic's 
in ilio way of superintending positions and 
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appointments as postmistress, few of them 
exceeding in value £200 a year. 

Male Sorters. Vacancies arising in the 
ranks of the male sorters are now regularly 
reserved ior limited competition among postmen, 
telegraph messtmgcrs, and other subordinate 
members of the London and provincial Post Office 
staff. They must bo nominated to compete by 
the heads of their departments, and in this way 
promotion is given to deserving and intelligent 
ofiicors. The system of open examinations is 
suspended meanwliilo, but may be resumed. 

Candidates must be between 18 and 26 (in 
London 30) years of age. They must be at least 
6 ft. 4 in. in height, and physically fit for the 
proper discharge of their duties. Apart from 
specific ailments, constitutional weakness or 
want of general vigour may disqualify a candidate 
from receiving an appointment. Tho examination 
subjects are precisely the same as for Post Office 
learners, given above. 

Pay and Duties. I.<ondon sorters are paid 
208. a week when ai)pointed, and advance, just 
as ex-loarners do, to 44s. a week, officers who are 
certified as fully proficient going on to the special 
maximum of 66s. Provincial rates are slightly 
lower. There are also a moderate number of 
higher positions rising to £200 and £290 a year. 

These officers are on probation for- tho first 
jrear, and are employed chiefly in letter sorting, 
m wliich subject they must pass a ^est within 
a few months after being appointed. They do 
eight hours* duty daily, sometimes beginning 
early in tho morning or late at night. Sunday 
work counts as extra duty, and is paid for at 
special rates. 

One of the special privileges of messenger boys 
in the Post Office is that they may compete 
among themselves for most of the vacancies 
occurring among sorters, but a certain number 
of these openings are reserved for meritorious 
postmen and otlicr adult postal servants. 

Female Sorters. About lOOO female 
sorters are employed in various departments of 
the London General Post Office. Their duties 
relate, not to letter sorting, but to arranging 
vouchers and counter- 
foils for the clerical staff. 

They work for the same 
number of hours as their 
male colleagues, but un- 
der less trying condi- 
tions, being engaged 
only botwoon eight in 
tho morning and live in 
tho afternoon ; and they 
are exempt from Sunday 
duty. Tho wages paid 
begin at 14s. weekly, and 
rise by Is. a week for 
two years, and after- 
wards by 28. to 308. a 
week, subject to a special 
certificato of ability 
when 22s. is reached. 

There are chances of 
promotion to the rank 
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of assistant clerk (described on tho next page), but 
with this exception there is little scope beyond 
the 30s. maximum prescribed for sorters. 

The ago limits for these situations are 15 and 18, 
and it will be seen that they are ax)proximatcly 
of the same value as London leamerships — at 
least, during the earlier years of service. But the 
work is more monotonous and uninteresting, the 
maximum attainable is 10s. a week less, and there 
are very few higher posts for which sorters are 
eligible. Further, tho examination, simple as 
it is, comprises the learners* subjoots and an 
extra one beddes — ^that of reading and copying 
manuscrix)t. Ax)parently, however, these objec- 
tions are more than outweighed by tho certainly 
of fair and progressive earnings from tho outset, 
instead of the leameFs small allowances and her 
uncertain chances of a vacancy on the establish- 
ment. The result is that tho open contests for 
female sorterships — held, as a rule, each May 
and December — are thronged with candidates 
in the ratio of a dozen or a score to every 
vacancy, and tho proportion of marks necessary 
for success rises sometimes to almost 90 per cent. 

Female ClerKs. Just a generation has 
elapsed since a former Postmaster-General 
decided to admit a few women clerks to the ranks 
of his headquarters staff. So successful did the 
venture prove that today, apart from those 
who have entered as learners, there are some 
2850 women employed at the G.P.O. on a sjiecial 
clerical footing. Of this number, about 2600 
hold permanent positions as women clerks, the 
remainder being temporary girl clerks. 

Unlike learners, members of these two classes 
are never called upon to do duty in tho local 
post offices, nor, indeed, to como into contact 
with tho general public in any way. They ara 
employed in a private and strictly clerical 
capacity in certain of th(5 central departments — 
chiefly in tho Savings Baidc. Among the attrac- 
tions of tho service are short hours of duty, 
pleasant work, and an assured prospect of at 
least £110 a year. 

The senior and tho junior grade aro separately 
recruited by means of open competition, but 


OPKN COMPETITION FOR GIRL CLERKS AKD WOMEN CLERKS I 


Order of Merit 

English Composition 
(including Spelling) 

to 

1 

Arithmetic 

Geography 

Precis Writing 

TWO ONLY, INCLUDINQ AT 
LEAST ONE LANGUAGE 


Latin 

French 

German 

English History 

Mathematics 

Total 

Maximum . . . . t 

500 

soo 

600 

500 

300 

500 

500 

500 

500 

500 

8200 

Oirl Olorkfl : . . i 












No. 1 .. .. 

880 

261 

479 

854 

225 

412 

371 

•— 

— 

— ■ 

2502 

No. 80 . . . . 

855 

203 

490 

283 

135 

— 

305 

— • 

267 

— 1 

2188 

Women Clerks : 










1 


No. 1 .. .. 

352 

800 

500 

338 

200 


348 

— •' 


435 1 

2473 

No. 105 . . . . I 

258 

289 

404 

213 

170 

328 

— 


— 

335 1 

1907 




tho examinations for both classes arc held 
simnltaneously, the subjects preacrib(*d arc the 
same, and, in fact, the papers set are identical 
for each, though the lists of candidates and the 
results are kept entirely distinct. As a rule, con- 
tests for both girl clerks and women cleiks aro 
held twice yearly -in April and October. Tn 
order to qualify, half marks must be obtained. 

Examination Subjects. The schedule 
given on tho previous ])age rclatt^s to tho 
most recent of these dual competilkms whoso 
results have been published. It shows the marks 
secured by the highest and lowest successful 
candidate in the woiiu'ii's and the girls’ section. 

A few woi'ds may be added as to the character 
of the examination. The ])apcr in geography 
is always largely eoneemed with the physical 
and industrial aspeols of that study, and gener- 
ally includes the ius(‘rtion of didails in a printed 
outline map, and several quest iojis on tho 
natural wealth and maiinfaetured produeis of 
various eountiies or districts. 'I’he modern 
language tests comprise dictation, easy eom- 
[)osition, and translatif'ii from and into the 
foreign tongue. 

Girl Clerks. A])p()intii'dits of tliis class 
are in themselves of a temporary nature, and 
are intended to furnish suitable training for the 
senior and [lermamait grade. The examinations 
aro restricted to girls between 10 and 18 years 
of age. Some 40 to 80 vaeaiieies aia^ ottered at 
each examination, and though the number eom- 
])eting is .soinetiines ten tijnes as gn'at, the 
competition is smaller, as often loss than 
half tlie candidates reach the qualifying standard. 

Girl clerks are (‘inployed as such for a term 
of only about two years, jKuforming seven liours’ 
duty daily, and receiving £42 the lirst year and 
£45 the next. At the end of that time, thost^ 
who are certilied as com])etent are ])romot(‘d, 
as vacancies occur, to be women clerks. Girls 
who fail to obtain a eertilieate of competency 
are appointed as female sorters, retaining their 
current salary. T’or a clerk of ordinary intelli- 
gence and ap[)lication, however, advancement 
to the s(*nior grade should be a matter of eourse. 

Women Clerks. Tho age limits for these 
posts are 18 and 20, and therefore a student 
who reaches the former age without having 
gained a girl clerkship can transfer her efforts 
to the senior grade witliout the slightest loss of 
time or change of work. 

Women clt*rks are recpiired to do seven hours’ 
duty daily. On entering the service they are 
a£)pointed to the si^eond class at £05 a y<’ar, 
and receive annual rises of £5 to £110. On 
promotion to the first class the salary l)ecomes 
£115, rising by £5 to £140. Ileyond this class 
there- are a few higher positions, culminating in 
that of superintendent at £280 a year, advancing 
to £450 or £500. Thanks to t he way in which 
tho ranks are depleted by marriage, a lirst-elass 
clerkship at least may bo anticipated by those 
who remain in the service. 

At one time these posts were keenly contested, 
but for some reason — possibly connected with 
the advent of the typewriter and the consequent 
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increased demand for wonien clerks in the com- 
mercial world — the number of candidates has 
been steadily declining of late. The contest of 
which particulars are given above was attended 
by only 324 women. These figures may bo 
commended to the notice of young women in 
search of an easy and settled calling. 

Women Assistant Clerks. A new 

ch'iieal grade, intennodiate between women 
clerks and b'male sorters, was recently estab- 
lished by lh(^ Posima;:ter-Geni*ral. These oflieers, 
who are known as women assistant clei’ks, aro 
employed chiefly in the money order d(‘pariment 
ami tho London telephone service. Their duties 
consist mainly in “ examining ” postal orders 
and pension orders -com £>ariiig the* documents 
with book entries— and in registering the receipt 
and disposal of otlieial ]>apers. I’be scale of 
salary is 18s. a Week, iiiereasiug by Is. yearly 
to 2()s., and then by 2s. to 34s. 

It was originally intended that this .service 
should be recruited by eom£)ctitive examination, 
but hitherto all vac’uucu's have been filled by 
the promotion of wom(‘n sorter's, and there is 
at [)res(‘nt no indication of a change of method. 

Telephonists. Tlr(‘ Post Oti'ce telephone 
service gives employmcMit to a large number of 
women olHeially styled tejle])honists. Tn the 
London t<‘le£)hone service no fewer than 4210 
of these otlic<‘rs an^ (iigaged. They are paid 
7s. a week wlioii appointed as learners. On 
their becoming elheicMit op(‘rators, ibt'ir wages, 
starting at 11s. weekly, b(*come 14s. after the 
fir.^t year, and af\vance iii th(^ next nine years 
to 28s. a week. Tn the provinces a competent 
operator Ix'gius at 10s. ;nid ris(‘ to 20s. 

The nomination of the Postmaster-General, 
which is requii’od for lh(‘se situations, is readily 
given to suitable candidates between the ages 
of 16 and 11). A simple and non-competitive t{‘st. 
in reading and copying manuscript, writing, 
spelling, and the lirst four rules of aritlimetie 
must then bo passed. J^’inally, applicants must 
satisfy the authorities that tliiy .are nualically 
fit, are free from hysteria or excessive uervou.s- 
ness, and have neither impediment of speech 
nor strongly marked aeeeiit that: might prevent 
their being naulily understood over tlu^ wires. 
It may be addial that to women of highly strung 
nerves the ()j)erator’s life, with its perpt‘tual 
liability to suddtai calls, is £K'euliarly trying. 

Women Typists. Tn most de£)artments of 
the General Post Office there is a small type- 
writing staff, which is recruited by means of 
l)alf-yeurly (*x.amiiiations open to all single or 
widowed women between the agi^s of 18 and .30. 
The subjects prescrilxd are six in number : 
writing, spelling, English composition, copying 
manuscript, simple arithmetic, aii<l — at a. later 
date - typewriting. Only tho,se candidates who 
have gained good marks in the first live subjects 
are permitted to tak(‘ the sixth. 

3’he typewriting test consists of copying two 
documents — a straightforward passage and a 
tabular statement. Moderate speed is essential, 
competitors being expected to type 500 words 
of the first i>apcr in half an hour. On the other 
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hand) no extra marks arc gained by typing 
more than 800 words in that time. Good 
general display, touch, and the suitable arrange- 
ment of tabular matter are also important. 

Although the comi)etition for these posts is 
usually very keen, they cannot bo said to 
compare favourably with commercial positions 
of the same class. A Post Offices typist is paid 
£1 for a week of 42 hours, and receives a yearly 
incn*nieni of 2s. up to 268. If qualified also in 
shorthand she may proceed to a maximum of 
31s., but beyond this she cannot hope to go. 

Junior ClerKs. A number of junior or 
third-class male clerkships in the General I’ost 
Office are reserved for competition among estab- 
lished officers who have served for at least two 
years in that department, and are between 19 
and 26 years of age. In order to obtain the 
requisite nomination of the I'ostmastcr-General 
such officers must be specially recommended by 
their chiefs as fitted for clerical duties. 

The appointments in question arise in various 
branches of the central office, and are not of 
uniform value, but they are all sufficiently 
attractive in resj>cct of increments and prospc(!ts 
to be worth the attention of eligible sorters, tele- 
graphists, and subordinate officers of similar 
rank. In the secretary’s office they begin at 
£1(X), and rise by £10 yearly to £250, with an 
excellent pros^xict of £350 and chances beyond. 
In most of the other departments third-class 
clerks start at £100 a year, and progress by in- 
crements of £7 10s. to £130, and then of £10 to 
£200, with further possibilities about equal to 
those afforded by the secret aiy’s branch. 

A score or more of those posts are usually con- 
tested each March and September. As deserving 
officers are nominated with some freedom, the 
number of candidates for each vacancy has been, 
in one instance at least, as many as 14, but is 
usually about half that number. The exami- 
nation is in English composition (with writing 
and spelling), arithmetic, geography, two lan- 
guages (the choice being among French, German, 
and Latin), and two of the following subjects — 
English history, mathematics, and shorthand. 

Postmen. For the Loudon and the pro- 
vincial service alike postmen are nominated 
singly by the Postmaster-General, and have to 
pass only the simplest of qualifying examinations 
— which is dispensed with in the case of candi- 
dates holding second-class Army certiticates. 
For other entrants the subjects are WTiting, 
addition, and reading and copying a number of 
lithographed postal addresses of veiy moderate 
difficulty. The limits of age are 18 and 30, 
but the upper limit is extended to 35 for entrants 
who have served 12 years in the Army or Navy, 
and to 46 for those who are receiving a pension. 

Ixmdon postmen number 10,167, and there 
are about ^,000 in the provincial service. The 
wages paid in the metropolitan area begin at 
19s., and rise generally to 368. a week, "with 
stripe allowances vaiying from Is. to 6s. weekly 
— according to length of approved service — and 
a boot allowance of 21s. a year. There are also 
a few senior and head positions beginning at 


41s. and rising to 62s. a week. In provincial 
offices the rates of payment vaiy widely, accoid- 
ing to the area served and the duties performed, 
but are generally lower than in Ix^ndon, and 
the proportion of head positions is relatively 
less. At Edinburgh and Dublin, for example, 
the pay of postmen rises to a maximum of only 
308. instead of 41s. Further advantages of the 
London service are the chances it affords to 
competent officers of securing nominations for 
Borterships and junior clerkships in the G.F.O. 

Boy Messengers. Tlie Postmaster- General 
has contrived to find permanent employ for a 
greater proportion each year of tho telegraph 
messengers who have reached the upper limit 
of age for their work. Today there are openings 
for every messenger boy who is qualified to take 
advantage of them. An intelligent lad leaving 
an elementary school at 14 or thereabouts has 
thus eveiy prospecjt of regular and well-paid 
woik for life if ho enters the Post Office service. 

Alike for tho London and the provincial 
offi(ies, candidates for employment as boy mes- 
sengers must be under 14 J years of age and not 
less than 4 ft. 8 in. in height without boots, 
and should have passed Standard VII. If their 
record is good they are engaged as vacancies 
arise, no entrance examination being ncce.ssary. 

The wages vary somewhat, being in some 
iiLstances dependent on the number of messages 
delivered. In London they are not less than 
7s. a week, rising by Is. yearly to 11s., and 
uniform (including boots) is always supplied 
free. Tho hours of duty average 60 weekly. 

Examination for Permanent Posts. 

Boy messengers must attend educational classes 
for four hours a week at least, to fit themselves 
for adult em])loyment later, in the Post Office 
or elsewhere. Every half-year a general com- 
petitive examination in writing, spelling, English, 
arithmetic, geography, and history is held among 
those who are nearing the upper limit of age, 
and a large proportion of them are given per- 
manent posts on the results of the competition. 
Most of the boys selected become assistant post- 
men, and eventually postmen, no less than half 
the vacaiicies in these branches being reserved for 
them. The more intelligent and better educated 
lads compete among themselves for the situations 
of learner, sorter, and clerical assistant, the last 
beginning at 16s. a week and rising to 668. 

Boys who do well in the general examination 
are also given the option of going through a 
course of training to fit them either for the 
engineering department of the Post Office or 
for the Royal Engineers. Those who wish to 
enter the Army or Navy are retained as mes- 
sengers until 19, and are entitled to return to 
Post Office employment when their service ex- 
pires, if their health and character are satis- 
factory. Half the vacancies in the wireless 
telegraphy branch of the Navy are reserved for 
boy messengers. And for the benefit of those 
lads not otherwise provided, for an employment 
register is kept by the Post Office authorities, 
and consulted by many employers of labour. 

ERNEST A. CARR 
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How the Pea has Thrown Light on the Study of Heredity. 
Mendei’s Law. Dominant and Recessive Characters. 

MENDEL AND HIS WORK 


I N two cliaptcrs,with a strango and (lisastrousga]> 
between them, we must now study the work 
of a contemporary of (diaries Darwin, who died 
without hearing his name. Johann Mendel was 
only thirteen years younger than Darwin, being 
born in Silesia in 1822 — t he same year as Pasteur 
and Galton. The boy's father, a small peasant 
proprietoi’, was interested in botany, and taught 
him how to observe the lives of iilaiits. 

He learnt quickly and well, and in 1847 was 
ordained a priest, assuming tlu* ndigious name 
of Gregor. This was at llriinn, and there Mendel 
pa.Hsod the rest of his life, except f(»r a visit to 
Vienna, where ho studied science. Teaching was 
in his family, and he taught so well that this was 
his monadic work until lie was appointed abbot 
of the monast(‘ry of Briinn in 18(18 — a calamity 
for science. 

MendePs Early Experiments. The 

young monk had hitherto enjoyed much leisure, 
which he devoted to botanical and zoological 
observation. He had t he great garden of t he clois- 
tcr at his disposal, and into it he introflue<‘d many 
new plants in order to study t licit* hohaviotir. 
Heredity, rather than the effects of luirtmc upon 
growtli, was his special interest. Especially 
was he (ioncerned to study the results of mating 
individuals who were eonspieuously ditl'ercnt 
in their })ersonal characteristics. When such 
individuals are mated, the olTspring are often 
called hybrids; and we mu}' well believe that 
Mtmdt'l w^as not tlu‘ first, to make experiments in 
hybrid i.sat ion, which (ibviously holds out Itirge 
and strange jiossibilitii^s. The more won^ sncli 
experiments to be followed seeing that tht‘ diie- 
trinc of the immutability of species was seriously 
tlireatened, and the mating of contrasted forms 
miglit be expected to throw’ some light on the 
central problem of the " origin of species.” 

The Rule that Mendel Disproved, 
Such ex])eriments, though easily carried out, espe- 
cially among plaiit.s, had been very disappointing, 
so far as any cont ribiit ion to t lie theory of organic 
evolution was eoneerned. The re.sult.s were so 
vaiiable that nothing could be clearly inferred 
from them. More serious still, the evidence 
suggested that hybridisation was an extremely 
artificial process, against which Nature seemed to 
guard, so that any results which man might 
obtain by artificial mating did not really help 
us W’ith the natural problem. 

Lastly, there was the supposed very general 
and important rule that hybrids are sterile. Thus, 
though a new^ type of individual might be 
formed by hybridisation, no new’ species could 
come into existencre, for the simple reason that 
the race stopped short at once wfilh the hybrids 
in question. If more w’cre wanted, they must bo 
produced anew by the original jiroccss. Clearly, 


if all hybrids are .‘^terih', the ])rohIein of the origin 
of species is not eontrilmleil to ; and w’o seem to 
tee a kind of naliiral ordiiiaiiee forbidding the 
intermingling of species, and commanding that 
they shall remain immutable and teiiarale from 
age to age. It sliould be added here that (his 
doctrine of the sterility of hybrids is luiw known 
to have been greatly overstated, if, indeed, it has 
any natural and inevitable basis at all. 

Tlie foregoing paragraph helps us to under- 
staiul much about MciukTs work. ( Icarly he. 
w’as not satisfied with existing doctrine. He was 
prepared to devote years of labour, of the ino.*t 
arduous and w^earisome kind, to hybridisation 
exjx^rinients, notwith.standing the aecejited 
ofiiiiion about them. So much for the quality 
of the man. But, further, the very nature of his 
cxp(*riments involved their neglect by his 
contemporaries. To several of tlu‘.s*. though Tint 
to till' greatest, he sent his work, but they were 
all indirfen^nt to it. Nothing worthy of mention, 
they thought, could come from this line of 
iuquii'y. But the history of seionee has shown, 
over and over again, that the man who works at 
the neglected plae(‘, shaping the discarded block, 
may find it become the headstone of the corner. 

Mendel’s Many Activities. JMendcl 
w^orked at many things, not unworthy of note 
befon^ wo jirococd to the great study which now 
makes liim famous. He st udied sun-spots and the 
W’eather. and it is known that ho did much wwk 
upon heredity in bees. 4'he.so insects are of 
jieeuliar interest for the student of heredity, 
seeing that dilTcrcnt s(*xes of offspring are pro- 
duced according as the ova an* h'rlilised by inak^ 
cells or not. Furth(‘r, there are many t.yp(*s of 
bw, well differentiated ; and there are large 
po.ssihilities in the direction of improving tlie 
yield of honey, and aho of removing the powc^r 
to sting. Mendel had fifty hivi'S in the, cloister 
garden, and collect and studied (jueeii bees 
from all jiarts of the world. Nothing whatever 
remains, of all his labours, hut the empty hives 
which he used more than half a century ago. 
It is probable that he destroyed all his notes 
before his death, at a time when he was terribly 
depressed in mind and body. Here is another 
great loss to science, which is only now being 
slowly repaired. 

The Pea as a Study. But Mendel's chief 
known work was in heredity among plants — 
though what the result of his observations upon 
animals may have been we shall never know’ |sec 
page ITrki], 'I'he plant which lu* chiefly studied 
W’as the familiar edible pea. He obstu'vod tlie 
facts of heredity in that form of })lant during the 
eight yefirs of his life which really matter for us, 
and read his now classic paper before the Jdiilo- 
sophical Society of Briinn in 1865. At intervals 
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during the next few years further papers of his 
were lead, but very soon after Mendel's appoint- 
ipent as abbot of tlie monastery his soientific 
work came to an end. 

Indifference to Discoveries. The all- 
im|)ortant paper on the pea was duly published 
in the journal of the society before which it was 
read, and copies of it are known to have been 
sent to the l(?ading scientific societies of the 
world, ill the usual way. But Briinn was not a 
centre of scien(5(s and the transactions of local 
societies are not always of universal interest. 
Tt is I radically certain that no one, in London 
or elsewhere, read the paper at all. Had a single 
student done so, in any capital in the world, his 
interest must have been aroused, for the results 
which Mendel had obtained were uiipreijcdcnted 
and remarkable. Yet the fact remains that, even 
where notable men w'ere written to by Mendel 
himself, they took no notice of his work. 

We shall never be able to understand why 
Mendel, when still interested in his own work, 
Mud writing to other students, did not write to 
Darwin. All the world heard what hapi^ned 
when another worker wrote to Darwin in 1858. 
Alfred Russel Wallace’s paper was at once reiul, 
appreciated, and, as soon as possible, given the 
widest publicity, though its arrival projudicetl 
Darwin’s claim to priority with a theory which 
he had, in fact, framed long years before. In 
1859, the “ Origin ” appeared. It is recorded 
that Mendel once remarked that Darwin’s tlunuy 
did not Ruttice to account for the facts, but he 
failed to send a copy of his papier to Darwin at 
the very time when the whole world was in a 
tumult of excitement over Darwin's theoiy, and 
when Mendel’s paper was, in fact, the one really 
substantial and significant new' contribution to 
the discussion that was anywhere in existence. 
But no one knew that exact and momentous 
knowledge of heredity, upon which, as we have 
already insisted, all theories of organic evolution 
must depend, had been obtained by an obscure 
monk in Silesia ; and the history of biology 
during the past half-centiiiy has accordingly 
been far other and far less than it would and 
should have been. 

The Close of Mendel’s Life. The rest of 
Mendel’s life can only too easily be told. When 
appoinUxl abbot, he hoped that more time for 
scient ific work would be available. Fate willed 
otherNvise. The dogged determination without 
which his eight years of work in breeding and 
counting scores of thousands of peas w ould have 
been impossible showcrl itself in a tragic form. 
D ere is the account of the facts, given by Professor 
Bateson, the leader of Mendel ism today ; 

“ Tn 1872 the Government passed a law' im- 
posing special taxes on the property of religious- 
houses. This enactment Mendel conceived to 
be unjust, and he decided to resist, claiming 
1 hat all citizens should be equal in law', and that, 
if these taxes w^ere imposed on one class of 
institution they should 1^ imposed on all. He 
thus took up a position which in England we 
should call that of a ‘ passive resister.’ At 
first sovaral monasteries stootl out with the 
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Konigskloster, but gradually they conformed, 
Mendel alone remaining firm. . . . The pro- 
perty of the house was eventually distrained 
upon, but he did not give in. He became also 
involved in the racial controvei*sies which are 
often rife in this part of Austria, and it is only 
too certain that the last ten years of his life 
were passed in disappointment and bitterness. 
From being a cheerful, friendly man he became 
suspicious and misanthropic.” 

Whether or not Mendel was right, it is a fact 
that, shortly after his death, the tax was re- 
inov.d. Probably the disease from w'hich he 
suffen^d hel|>ecl to embitter his mind. In 1882 
Darwin died, and in 1884 Mendel followed him, 
after long ill-health, w'hich, as w'e have seen, 
]U’obal)ly involved the destruction of some 
invaluable records. 

Not until 1900 did the new epoch begin, with 
the discovery an 1 development of Mendel’s dis- 
covery, to W'hich our next chapter must be 
d voted. Here our business is to note Mendel's 
method, upon which his success depended, and 
which is now being followed by observers all 
over the world, and carefnliy to study bis results, 
embodied in what is now’ generally known as 
MendaVa law. 

Mating Tall and Dwarf Peas. Mendel 
began by mating individuals which were sharply 
contrasted in rcs|)cct of certain features. Little 
more than this is the basis for the assertion 
that his work w'as merely concerned with some 
curiosities of hybridisation. The offspring of 
varieties of peas are, in fact, not hybrids ; and 
the vciy term “ hybrid ” ceases to have a meaning 
as soon as we appreciate the meaning of Mendel's 
work, and realise that it is imiiossible to define 
the term “species’’ at all, or to distinguish 
between sf>e(!ies and varieties. Taking indi- 
viduals thus contrasted, Mendel mated them, 
and noted the characteristics of the offspring. 

The typical case is that of the two kinds of 
pea, one of which is tall, and the other a dwarf 
about as many inches high as tlie otlier has 
feet. VV'^hat w'as pro vixl for t his pair of contrasted 
characters w^as similarly proved by Mendel 
for some half-dozen other pairs of characters 
in the pea, and, in the same manner, for 
another plant. 

The Next Stage of Inquiry. The 

next, and most essential, step was not to be 
content w ith the comparison between the parents 
and their offspring, but to mate those offspring, 
technically know'u as the first filial gmeratiem, 
among themselves, and to note the characteris- 
tics of their offspring, who constitute the second 
filial generation. 

The inquiry must be directed solely to the 
pair of characters under observation. When 
other characters are to be studied, they must 
be similarly observed. There is a .marked degree 
of independence, as well as of . interdependence, 
among the factors, as w’e shall learn to call them, 
w4iich make the living being; and our task of 
dis overing any exact law of .inheritance is 
hopeless unless we keep this in mind, and study 
one pair of characters at a time. 
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Three Generations under Observa- 
tion. At least equally important is the fact 
that Mendel studied always at least three 
generations. All inquiries made into the in- 
heritance of part icular characters, in any species, 
which confine themselves to the comparison of 
parents and offspring must ho sot aside as in- 
complete. Tn all such cases we require a 
complete record of the second filial penoration 
also before wo have enough material to form 
any conclusions upon. 

That is one of the cardinal reforms in gemdic 
inquiry which we owe to the patu'nee and 
thoroughness of Mendel, and it furnishes the 
condemnation of a great deal of so-called research 
in heredity wdiicdi has persisted in ignoring 
MendeUs experience, and in basing supposed 
laws of heredity upon comjiarison between 
parents and immediate olTspiing only. 

Mendal’s Precautions. A loig-familiar 
fact of l eredity should have suffice I to warn 
observers that only the record of three con- 
secutive generations could suffice as data for 
genetic inferences. It has long been noticed 
that features sometimes '‘skip a gener ition," 
as we say, so that a child resembles a grand- 
parent in sonie character which the ])arent docs 
not show at all. Vet, of course, that character 
must somehow have been transmitted through 
or by the ])arent, in whom it was therefore 
latent, dearly such cas(‘s must not he looked 
u])on as freaks or eccentricaties on tlui part of 
the so-called “ force of heredity.” Clearly, also, 
wo must study the third generation in every 
case, for in it we may find tlie reappearance of 
striking characteristics whicli were absent from 
the individuals of the first filial generation, and 
of which, if Dur study had oncled with tlaun, 
wo should say that they were not inherited. 

This was exactly what Mended regularly found, 
thanks to the fact that his method was tho 
right one : certain types of inherited characters, 
technically called ‘‘ rccessivcs,” must disa[>pcar 
in the first filial generation, under certain coii- 
ditioiLs, and must as surely reappear in t lie second. 

Three Generations Kept Apart. Ks- 

sontial, further, to Mmidcrs success, as to 
that of all who an; uo>v working on his lim;s, 
was the fact that lu; never inat(‘d individuals 
of one generation with those of anoth(*r. He 
scrupulously kc})t the gemu’ations apart, mating 
only individuals of the same generation ; and, 
finally, finding that, in certain circumstances, 
difi’erent types of individuals are jiroduccd, lu; 
counted tho individuals of each kind in each 
generation. Trying to imagine the needs im- 
posed by t he f.oet that he did not begin with the 
clue which, thanks to liim, wo now have, we 
can realise that eight years w'ere needed for the 
simple discovery which Ik; made. But it is also 
to be added that, without his method, neither 
eight nor eighty years would have found tho 
facts. Many other men have devoted years of 
honest research to the study of heredity fruit- 
lessly because they did not observe the precau- 
tions which, as we have seen, Mendel never 
forgot. And now let us see his results. 


Results of the First Mating. When 
the tall and short peas w^erc mated, all tlu; 
offspring w'ere ahvays tall — as tall as the 
tall parent. 'I’hat fact, in itself, is remarkable. 
It is not what we should expect. In such a 
case, we should look for “ blended inheritance.” 
and expect to find the offspring about three 
feet high — a (;ompromisc between the statures 
of their jiarents. Such a corupromiso is what w^e 
seem to find when dark and w hite skinned races 
of mankind are mated. Hut in the case of these 
peas it looked as if llu; tallness was inherited 
and the shortness was not. 'Phe sex of the tall 
and short parents respectively did not alter tho 
result. There are now known to be im])oitant 
eases where sex complicates tho juoblcm. 

Remarkable Results of the Continued 
Experiment. The next task was to mate those 
all-tall members of the first filial generation with 
taieh othe*. Had they been tall ])lants of the 
normal IJiid, with nothing but t<allnc‘s.s in Ihcir 
{incest ry, of cours<; all the offspring would have 
been tjill also. This did not h.appen. VV'hen huge 
miinhers were count ckI, it was found that, with 
strict regularity, 7.> })er cent, of tho se<*ond filial 
general ion were tall, hut the remaining 25 percent, 
were clwarfs, like tluar one dw arf grandparent 
The shortness luid “ skipped a generation.” 

Instead of taking ])erocntage.s, let us take 
single' numbers. We; now' have thre;e tall plants 
and e>iie short one to detil w ith. The first anel 
simplest fact is that the short ones, when bred 
togelher, yiolel nothing but short olTsjuiiig, 
geuieralion aft(;r genewatioii. (ffearly there is no 
tallness in them, visible or invisible, ])ateut or 
latent, though both their peirents W'cro tall. 
Blit of the remaining three plants, distinct ions 
must bo made One of them, like the one short 
pliint, w’Iu*n tested gene'tieally, is found to be ei 
pure tall, like tho original t.all grandparent. 
Such plants mated with each other j)io(lueo 
nothing but tall, generation after genenition. 
The remaining tw'o tall plants, however — that is 
to say, 50 per cent, of the second filiiil gon(;ralion 
— bcliave, when bred from, exactly like; their own 
parents — the tjill plants of the first filial genera- 
tion -again yielding offspring in tho proportion 
of three tall to one short. 

Dominant and Recessive Characters. 
These are tlu; fjicts w hich M(;ndel ascertained ; 
aTul Avhat is true for tallness ami shortness is 
true ill exactly the same way fur various other 
contrasted ]}airs of chaiacters. Now. it is clear 
tlijit, as th(; first filial generation sliow's us, tho 
character Ijillness has the power of asserting itself 
over the characitT shortmjss, even though that 
bo also ])rcseut in some mysterious sense, as the 
re.sults of further breeding prove. 

Mendel, therefore, gave tlu; name of dominant 
to characters which behave as tallness does ; jind 
tho op[)Osite character, which recedes in the 
presence of the dominant, Mendel called a re- 
cessive, though in our langujige, as Sir Francis 
Galton pointed out, the term recede fu' w’oukl be 
a more suitable alternative. If the dominant 
character is present, it asserts itself. Thu.s. in 
a short pea the dominant character is not present, 
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and. that bi'/mg so, we shall not expect to find 
tallness appearing in any of the offspring of 
such peas when maU)d together. 

^But the ca!?;e is more complicated with the 
tall peas. They may have nothing but tallness 
in them, and in that ease all their offspring, 
and theirs, will be tall. But, as in the case of 
the first filial generation in the experiment above 
described, and in the case of half their offspring, 
along with a single dose, so to say, of tallness, 
thon^ is also a dose of shortness. We require 
different names for those two kinds of tall peas, 
and the first arc conveniently called pure domi- 
nants, and the second imjHire dominants. The 
r<‘snlls of breeding from the two kinds of domi- 
nants respectively will be as we have seen. 

Segregation, the Basis of Menders 
Theory, Clearly wo must form a new concep- 
tion of all living individuals who are derived, as 
nearly all are, from two parents. Every such 
individual is in a tnio sense a double thing, as 
its history teaches us. Before wo can under- 
stand it<, or can j^redic^t the nature of its off- 
spring, v'c must be acquainted with what comes 
to it from botli its parents ; and the central fact 
which Mendel discovered is that the respective 
])areutal contributions are not necessarily blended 
in the individual, but remain independent in 
tbif sense that they may be ])assod on separately 
into the germ cells produced in that individual. 

This is the central fact of segregation upon 
which Mendelian theory is based. We may call 
the entities in the germ cells which give rise to 
characteristics in the individuals formed from 
them by the name of jactors, and these Mendelian 
factors (jonstituto the heart of our problem. 

The Law Expressed by Symbols, It 

is convenient to tu-e symbols to describe indi- 
viduals, eaeh of them, as wc have seen, doiible, for 
Mendelian purposes. 1) Will stand for dominant, 
and K for recessive. The symbol for a jmre tall 
pea bred from a pure tall race will be 1)1 ) — the 
factor for tallness w'as present in both the germ 
cells which combined to form that individual. 
The great fact 'which follows is that all the germ 
cells produced by such an individual in its turn 
will have the factor D in them. In this par- 
ticular case th(\y will all necessarily be tall. 
(Generally speaking, brown eyes and blue are 
dominant and recessive in ourselves and behave 
accordingly, but Mendel knew nothing of t hat, 
which need only bo mentioned now as a hint of 
what is forthcoming. The short j>oa, on the 
other hand, whatever its ancestry, must be one 
which has somehow got the factor R from both 
f>arcnts, and its symbol, of course, is RR. All 
the germ cells produced by such an individual 
necessarily carry the R factor also. 

But now let us look at the constitution of the 
first filial genoratioii bred from tall and short 
in Menders first experiment. From what has 
been said, w'C kno^v that each of them must have 
in its co''*ititution the D from one parent and 
the R from the other. In virtue of the D, they 
are tall, the dominant asserting itself ; but because 
they have the R from the other side, they are 
impure dominants, the formula of which ac- 
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cordingly is DR or RD. Now, the capital fact 
about the impure dominant is that, unlike the 
recessive or the pure dominant, each of which 
prckiuces germ cells of only one kind in the 
respect under discussion, the impure dominant, 
a double thing, made of different halves, produces 
two kinds of germ cells in equal numbers, half 
of them carrying the D factor and half of them 
carrying the R factor. There is no compromise 
— each germ cell is either of one kind or the 
other ; and if we take sufficiently large numbers 
we find that the chances are oven. 

The reader can now write out for himself a 
genealogical table illustrating Mendel’s law, as 
w'e have described it. Each individual must be 
described with tw'o letters to indicate its double 
origin and nature. Then DDxRR yield all 
DR; DRxDR yield DD+DR+RD+RR, a 
result which, looked at casually, sim])ly means 
three tails to one short. Each impure dominant 
j)arcnt, we see, is producing germ cells of the 
two kinds in equal numbers. They meet one 
another according to the ordinary laAvs of chance. 
Eacli D or R is equally likely to meet a D or an 
R. Hence the regular proportions which Mendel 
discovered are exj)laincd, and hence we under- 
stand why one dominant in three is a pure 
tlominanl, wdiile the other two are impure. 

How the Experiments Bear on the 
Study of Heredity, Mendel himself did not 
go at all into theory, but simply described the 
facts. He looked upon a dom iiiant anti recessive as 
contrasted factors, ami olTcred no explanation 
either of their nature in themselves nor of the 
curious way in which they are opposed to each 
other, nor of the reason why there should lx.' 
this relation between them, that, though tliey 
arc both equal in other respects, one dominates 
over the other when both are present in om.* 
individual. Wc shall see later that an extremely 
simple and helpful explanation of the Mendelian 
facts has been supplied by the contemporary 
master of this subject, but the facts themselves 
arc independent of any partieidar theoiy as 
to the nature of Mendelian factors. 

The lessons which w^e immediately learn froni 
Menders experiments are evident. In all 
studies of heredity we must attend to the nature 
of the individual mating — the particular par- 
ental combination. The statistical method, 
wdiich, for instance, studies the records of the 
stud-book by breaking up the parental pairs, 
can never lead us to the truth, and in point of 
fact that method, thus applied, necessarily 
failed to note the simple fact that, when two 
chestnut horses are mated, all the offspring are 
always chestnuts. 

Again, Mendel’s experiments teach us that 
things are not alw'ays what they seem. T\vo 
individuals, apparently identical, may bo pro- 
foundly different in respect of parental possi- 
bilities. No anatomical, microscopic, or chemical 
examination of the pure and impure dominant 
tall pea respectively will show any difference 
between them, or tell us which is which. Yet 
they are different, as breeding from them will 
prove. C. W. SALEEBY 
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Places of Sale. Customs Regulations and Bonded Warehouses. 

Prohibited Goods. Imports for Re-export. Transhipment of Imports. 

THE IMPORT TRADE 


I F tho export trade of th(‘ I’nitcd Kingdom is 
great, (lie import trade is still greater, for the 
total value of the goods that we buy as a nation 
is now about eight. Imndred million t>ounds a 
year. This enormous turnover— which, it must 
be exj)lained, includes tin* cost of the. good.s them- 
selves, tho insuraiua?, and the freight — must 
neeossarily involve a vast amount of business; 
and it will bt^ well if, at the outset, wo niuler- 
stand with what parts of tlie world the import 
trade is done. 

Divisions of the Import Trade. There 
are ten princi])al divisions into which the im]>orb 
trade of the United Kingdom may be divided. 
First of all th(U(i is tlie (.'ontineutai trade, Jwhieh 
incliuh's the business done witli most of the 
Continental count I'ies. Xext we have tho Baltic 
trade, the v(TV important business done with 
the countries bordering on the Baltic Sea. Then 
there is the North American trade, which in- 
cludes the whole of the business done willi the 
United States and Cana<la. Xext \ve have the 
W(‘st Indian trad(\ including the business done 
with Jamaica and tho other islands of the West 
Indian groui). 'Phe South American trade 
embraces husimss done with the various coun- 
tries hf South America. The CVntral American 
trade is the trade done with l\h‘xico and otlier 
parts of C('ntral Ammica. Tlu^ Levant trade is 
the business clouts vvitli Syria and Asia Minor, 
once more important relatively than it is now. 
'^Phe Kastern trade includes the busin(*ss done 
with Iiulia, Burmah, Siam, China, and Japan, 
and the Far Kast generally. The South African 
trade is th(^ husiiicss done with the countries of 
tlic South African (Commonwealth. Finally, the 
Australasian trade includes the business done 
not only with Australia and New' Zealand, but 
with other adjacent islands. 

Goods on Consignment. Most of tlu^ goods 
imported into Ibis country consist, of foodstiilTs 
and raw materials for n.sc by onr manufacturers, 
and the bulk of llicse imports an; shipp(‘d h<*re 
bn consignment,*’ as it is trailed. This means 
that the foreign or Colonial shipper has sent tluj 
goods here to be sold on commission by a mcreliant 
wdio has i>roviously arraiigod for their receipt 
and sale. Sonu'tiiiK's th<' consignor sees to the 
marine insurance, and at other times the merchant 
on this side do(5s so, tliis, of course, being 
entirely a. matter of convenience and arrang(N 
ment. The routine and methods are really 
those of the export trade reveu'sed. The foreign 
shipper draws on the consignee in this country 
for about 75 t)cr cent, of the amount of tho 
invoice, and sends him the bill of lading and 
other shipping documents. 1’ho goods are then 
sold, and tho consignee fonvards to the rhipper 


abroad particnlais, together with any balance 
that may be due lo liim as a ns'Ult of the sale. 

Places of Sale. Tlune are, in this country, 
regular and recognised plae(»s w’here varion,s 
kinds of imported mi'rchandise are commonly 
.sold. Wh<‘at and other grains, for instance, ara 
sold at the Coi n F.xchauge in Mark Lane, London, 
and also at Hull. Fast Indian and Colonial 
])roduc«; — t('a, sugar, cotTce, drugs, spices, ami so 
on— are sold at the ComnuTcial Sale Booms in 
IVlineing Jvane. Jjondon, and also at laverpool. 
The ])rineij)al selling place for cotton is tho 
Cotton Fxchange in fJverpool, that city being 
the most convenient for tho Ihiiti'd State's, 
from which so much i)f tlie cotton comes, and 
also an excclh'iit distributing eeaitre for tho 
cotton- mills in Ijancashirc. Wools arc sold at 
the Wool Kxehange in London and at Liv<‘r- 
pool. Other gooils liave other selling centres. 

Imports Against Orders. In addition to 
tho goods sent on consignment a gnvi.c eh'al of 
import business is done “ against orders.” Tlio 
Knglish mmebant ree’c'ivts orders from manu- 
facturers in this country and he in turn orders 
from the foreign ship])er, or perhaps even orders 
from the shippeT witliout hiin.sclf having actual 
oi*d<‘r.s in haml from tlio English manufacturers. 
He may anticipate a rise in the market or a 
coming scarcity of material, and may im]Jort 
with a vicnv of having good stocks for I lie rise. 

Preparing to TaKe Possession. T’o get 
possession of tlio goods that have beiai shipped 
from a foreign or Colonial ])ort it is nccc'ssary 
that the Britisli merchant shall have the bill of 
lading, which is the' document entitling him to 
liave the goods humh'd over. This, of course, is 
sent on by post, and as soon as he gets it tho 
merchant will make* impiirii's as lo w'hen tho ship 
bearing the* goods will arrixo. The owners or 
agents of the vc'ssel will ])robal)Iy be able to tell 
him, or he can consult Lloyd s list or tlic .sliijiping 
columns in the Icjuling m‘wsf)up(‘r.s. As .«oon as 
the ve.sse] has arrived th<‘ iiu'rehant must obtain 
from tho ag(‘u*H of the sliipping company a 
ddiva'iy onlcr, and this he usually gets in ex- 
change for the hill of ladiny. Some ship- 
owner .s and agents, however, w’rit<‘ the d(‘- 
livery order across the hill of lading itself. 
Before, however, the delivery ordc'r can bo 
claimed, any ontstanding chargt'S owing to tho 
shipowners must he jiaid. for, according to com- 
mercial Jaw a.s it now stands, the owners of a 
vc^s.sel can stop delivery of tlu^ goods they have 
carried until tluir cliargcs art^ fully met. Sjnu*- 
times tho exact amount of the freiglit cannot be 
knowui at once, although the merchant require.s 
imm?diat(; delivery of the goods. In such a 
case it is usual for tho merchant to pay a sum 
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which it is anticipated will (;over the freight, and 
then, later on. when the exact charges have been 
worked out, theie is an adjustment. 

Custom House Regulations. Before 
delivery can bo obtained there are a number of 
Customs regulations that have to be carefully 
observed. Although this i.s a free trade country, 
there are still a number of articles upon which an 
import duty is levied. These articles are cocoa, 
coffee, chicory, dried fruits, tea, sugar, molasses, 
glucost*. sa(!charin, wines, beers, spirits, tobacco, 
trari.sparcnt soap in the making of which spirit 
ha.s been used, chloroform, chloral hydrate, 
collodion, ether, ethyl, confectionery in the 
making of which spirit has been usc'cl, jdaying- 
cards, and various other goods of which the sub- 
stances mentioneid form a ]jart. The duties in 
this country on all these things arc specific ; that 
is, a charge of so much per pound or |X‘r gallon, or 
per other fixed quantity, is made. Tii many 
countries where there is an import tariff the duty 
is what is knoAvn as ad valorem ; that is, it is not a 
fixed charge, but is made upon (he value for the 
time being of the goods. 

The Ship*8 Report. Within twenty-four 
hours of the ship’s arrival a “ ship’s report ” has 
to be handed to the Customs authoril ies by the 
captain or by some other officer of tli<‘ ship 
properly authorised in writing by the cajdaiu to 
undertake the ta.sk ; and until this is done no 
goods at all may bo landed from the v<'s.se]. This 
document gives the name and tonnagi' of the 
ship, its character — whether it is a .steamer or a 
sailing vessel — its port of registry, the number 
of the crew, with details as to how many are 
British and how many foreign seamen, the name 
of the master, and whether he is a British sub- 
ject, and the jiort or idace at which it has 
arrived. Then there must be full paiiiculars of 
thiMJargo, with a deserijition of the jiaekagos, their 
marks and numbers, the name of the consigm^o, 
and the name or names of the places wheri^ the 
ves.sel was laden. If any wreck has been passed 
on the voyage, particulars must be set forth in 
the shi]>’s report. I’hen there must be a full 
description of the .stores remaining on board, 
with the quantity of each dutiable article, such as 
wine, cigars, tobacco, etc., the number of alien 
passtmgers, if any, the j^ilot’s name, the name 
of the station at which the vessel is lying, and 
the agent’s name and address. It ends \ip with 
a declaration, duly signed by the captain in the 
presence of the Customs collector, which reads as 
follows : “ I declare that the above is a just 
report of my ship and of her lading, and that 
the particulars therein inserted are true to the 
best of my knowledge, and that 1 have not 
broken bulk or delivered any goods out of my 
said ship since her departure from so-and-so, 
the last foreign place of loading. ” 

The ship’s report has to be made out in dupli- 
cate, the original being kept by the Custom 
House, and the duplicate sent on to the Customs 
officer at the place where the ship is to unload 
her cargo. Should there be any mistake in the 
ship’s report, and any goods "not have been 
entered upon it, the owners of these goods will 
not be allowed by the authorities to remove 
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them from the vessel until the report has been 
properly amended by the captain of the ship. 

Landing the Cargo. As soon as possible 
after this formality has been complied with, the 
cargo is landed, it not being the custom to keep 
it on board until the consignee claims it. The dock 
company or wharfinger takes charge of the goods, 
weighing and measuring them, and preparing 
landing accounts, weight accounts, and other 
documents which will be of use to the importer 
in selling them. Any damagc*^that is discovered 
is entered at the end of the landing account, and 
the surveying officer then examines the damaged 
goods, and makes out a certificate of survey, 
which bears the name of the ship and her master, 
the invoice mark and number of the damaged 
package, and the. cause of the damage. This 
certificate is used as evidence by the importer or 
the shipper when claiming from the in.suranco 
company. The Ciisioin.s officials inspect the goods 
as they are landed, and if they are dutiable all 
the weighing, gauging, testing, sorting, and 
.samjding, and the other operations are super- 
vised by ('iistoms officers. The figures are entered 
in their “ landing books,” which constitute the 
official record of the consignment. 

Bonded Warehouses. If cl(*livery is not 
fakeji ai once, the dutiable goods are removed 
for storages to a bonded warehouse. These war - 
hou.ses, whicli are owned by private individuals 
or com])anies, are built to fulfil certain Covern- 
nient regulations, and they arc under the joint 
control of their owners and the Cu.stoms authori- 
ties. Tlwy ar(^ called bondc'd warehouses b(icause 
their propri(‘tor.s have entered into a bond by 
which they undertake to sec that they arc con- 
ducted pro})crly, and that nothing shall pass out 
on which the duty has not been paid. Tlu' 
goods .stored in t hese warehouses are said to h(» 
bonded goods, or goods in bond, and they can 
only be nunoved upon the duty being paid. For 
convenience the various floors and compartments 
of the warehouses are numbered, and the number 
of each is painted on the door, so as to bc^ easily 
identified. Separate floors or compartments are 
allotted to different kinds of merchandise, one 
being for tea, another for tobacco, another for 
wines, and so on. Even the lightermen and 
carmen who handle dutiable goods have to enter 
into a bond with the Customs authorities, and 
only those who are thus bonded and licensed by 
the Commissioners of Customs are allowed to 
work in connection with bonded warehouses and 
goods. In fact, all those who have anything to do 
with dutiable goods are bonded; that is, they 
enter into a bond with heavy penalties as a 
guarantee that they will do everything in strict 
accordance with the Customs regulations. 

Free Entry. The ship having been pro- 
perly reported, the merchant makes his Customs 
“ entry,” in order to obtain delivery, and the 
method varies according to whether the goods 
arc dutiable or free ; whether they are for sale in 
this country or for re-export ; whether they 
come in at a port of entry or at another place. 
The document necessary for the release of free 
goods is called a free entry, and it bears full par- 
ticulars of the marks, numbers, quantities, 



descriptions, and values of the goods landed, so 
that the Customs officials may quickly identify 
thorn. The various kinds of goods arc not given 
their commercial or popular names in thcj emtry, 
but have to be descril)ed according to their title 
or class in the official published import list . Two 
copies of these documents have to be made out, 
one, which is called the warrant, having the 
number of the packages in words, and the other, 
called the bill, giving the number in figures. The 
bill goes to the Statistical Department of the 
Board of Trade, and is used in the coirq^ilation 
of the records of the imports and exports of the 
United Kingdom. The warrant, after being 
signed by the C'Ustoms collector, is sent to the 
examining officer on the shi]), or at the place 
whore the goods have been landed, cand becomes 
his warrant for the handing over of the goods set 
forth on the paper. With the warrant the landing 
order must also be presented if the goods arc still 
on board at London or some other largo port. 
This is addressed to the officer of the ship, and is 
his authority to deliver the goods. It must bo 
signed and stamped by tho Customs offietT. 

Clearing Dutiable Goods. To clear 
dutiable goods is a rather more complicated 
business. In this case, what is known as a ware- 
house entry has to be obtained, the name of the 
document being due to the fact that the goods 
are to be warehoused in a bond(^d store or ware- 
house. The entry is sent by the CUistoms official 
to the examining officer, and is his authorisation 
for the landing and wandiousing of the goods. 
Sometimes dutiable goods are required for use 
directly they come from the ship. In siudi a ciisc 
a form known as an “ Entry for Homo Use ” 
must bo filled up. This entry, however, cannot 
bo made use of until all the import duties have 
been duly paid. Once the goods are in the bonded 
warehouse, then the warrant for homo con- 
siynption is required before they can bo obtained 
by the merchant. When the goods are in the 
warehouse the dock company give what is 
known as a dock warrant to t he merchant. This 
is a negotiable document, and has to be ])roperly 
endorsed. It sets forth that the goods specified 
on it are deliverable to the owner of the warrant ; 
and when it has once been issued the dock 
company will only hand over the gooiis-in ex- 
change for the warrant. Tho document can bo 
deposited against a loan, or sold, the goods it 
represents thus being sold or transferred with it. 

Bill of Sight. It sometimes happens that 
a merchant cannot state with accuracy tho 
quantity or other details of tho merchandise that 
has arrived on the ship. In such a case, a docu- 
ment called a bill of sight is filled up. This sets 
forth the port at which the ship is lying, the 
importer’s name, the wharf, or dock, or station, 
the ship’s name, whether it is British or foreign, 
and, if foreign, the country to which it belongs, 
the master’s name, and the port or place from 
which the ship has come. Then tho marks and 
numbers are stated, and tho number of packages, 
with the best description of the contents that 
the importer is able to give. At tho foot comes a 
declaration : “I, so-and-so, importer of the goods 
above mentioned, do hereby declare that I have 


not received sufficient invoice, bill of lading, or 
other advice from which the quality, quantity, 
or value of the goods abov^ mentioned can bo 
ascertained.” This is signed by the importer and 
the Customs collector. The bill of sight is then 
tho warrant for the provisional landing of the 
goods, and the importer is allowed to examine 
them in the presence of the (kistoms officials. 
Not later than three days after landing, the 
importer must make a perfect entry by writing 
upon the bill of sight all the particulars that arc 
not already inscriln'd there. This has to bo done 
even if tho goods are found to be free, and not 
only when they are actually dutiable. 

Removing Goods from one Bonded 
Warehouse to Another. Somt'timos it is 
desired to move dutiable goods from one bonded 
'warehouse, where they are deposited, to another 
ill some other part of th(i city, without ]>ayiiig tht* 
duty. In such a case a request note and permit or 
certificate is made out. The importer fills up 
part of this, setting forth in detail the goods he 
desires to move, giving the marks and nunilxTs of 
the cases or casks, the bonded warehouse from 
which he wishes to take the goods, and that in 
which they are to be deposited. Ho must also 
state the means of removal, as, for instance, if it 
is by steamer. A warrant form is also filled up 
by the merchant, giving full particulars, witli 
the name of the licensed carman whom it is 
jiroposed shall move the goods. On this warrant 
occur the words : “ This is to certify that bond 
has b(‘en given for the due arrival and ware- 
housing as above within” so many days, and the 
name and occupation of a proposed surely is 
added. The whole is then signed by the 
collector or clerk of the bonds, and it. is sent with 
tho request note to the (’ustoms officer at the 
bonded warehouse where the goods are lying. 
He signs the bottom of the request note, which 
states that “ Tho proper duties having been paid 
or secured by bond, the above* named goods may 
be delivered.” Ho also signs an order to the ware- 
house keeper, on the back of the warrant, telling 
him to deliver the undermentioned goods for 
removal to the now bonded warehouse. The 
goods are then removed by the carman and 
transferred to their new destination 

Imports for Re-export. Of course, a 
great deal of tho merchandise that com<‘s into 
this country and is rcckoni'd among our imports 
is re-exported to foreign countries and the 
various British (’olonies, and at the present 
lime the proportion thus re-exported is about 
1.5 per cent of the total exports. When 
goods are stored in bondc^d warehouses, it is 
<Ustinetly understood that they may be exported 
without paying duty, but this exportation is 
e,arricd out under certain restrictions which are 
rigidly enforced. An exporter must hand to the 
Customs authorities a bond giving full particulars 
of tho goods, and security for their shipment 
abroad. Tliis bond has to be signed by the 
exporter or his authorised representative, and 
by another person of standing, whor acts as 
surety. Tho two together bind themselves in 
a penalty of twice the amount of the duty that 
the goods shall be re-exported. 
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Tho bond has to b(^ oxociitod in tho ijresence 
of tho Customs official, anti must be stamped, 
tho stamp varying acci>rdiiig to the amount of 
th(^ penalty. Tht* ho i<l, together with a bond 
note stilting fortli })artieiilars of the proposed 
exportation — the naine of the exporting 
merchant, the ship's name, the port it is in and 
the })ort it is going to-'-are handed to the 
('ustoms bond eh^rk, who exaniiiK'S and signs 
the note and rt‘turiis it On the hack of tho bond 
note are two forms, one giving full particulars 
of the goods to be exported, with quantili‘‘H, 
import marks and numbers, and export marks 
an<l numbers, tlies(!Cond form being an order to 
tlie warehouse-keep<‘r to deliver the goods. 

These are handed to an ofheial in the ware 
liouso department of the (■iistom ffouse, who 
examinc's them and, after signing tin* warehousing 
order, ndurns it to the inerehant The ship note 
is then made out, which is really a notice to the 
Customs othe('r on board the vessel whieh is to 
take the goods, advising him that they are 
btang s(‘nt for shi])m<'nt. If the goods are being 
sent by van, the earmau’.s name in addition is 
written on the note. 

The whoh' of the doeumentij are then handed 
to the licensed eanniin, and h(‘ delivers them 
to the proper officials, receiving the goods in 
(‘xehange, aiul on delivering them on board tin* 
vessel that is to take them abroad he receives 
a mate’s receipt, wdiich he hands over to tlu' 
exporter Bills of lading, invoices, and other 
doeiirm'iits afe then imule out as in the ease of 
ord i nary (‘x [)ort s. 

Transhipment of Goods. Miieli of the 
re-exportation is carri(‘d out by wliat is called 
transhipment of goods; that is, by transferring 
the cargo from one ship to another. Such 
transhipment can take plae<^ only at otTtain 
])orts speeilii'd by the Customs atitliorities. Then* 
are thirteen of them in all and they are 
London, Liverj)ool, *Southami)toii, Swansea, Hull, 
Kartlejmol, (Jrims})y, Coole, ^^ew'castl('-Oll-Tyne. 
Newhaven, J^)oli*, (dasgovv, and Leith. CJoods 
iinj)orted for transhii)ment are r<*garded as 
goods entered for exportation. They must be 
(leseribtHl in the ship's rejjort hy th(‘ir proper 
and sj)eeiti(; name, and not merely under some 
gem*ral heading. Further, they must be described 
in tho re])ort as in transit.” 

Documents Needed for Tranship- 
ment. TrMnHhij)ment need not necessarily be 
din^ct from one shii) into another or by barge 
or lighter. It may take })lace by land as well as 
by w aiter ; and if it be by land, only a licensed 
carman may do tho w'ork, just as, when it is 
by barge or lighter, only a licensed lighterman 
ean bo engaged. For transhipment a bond similar 
to that already described has to be entered 
into, and a bond note has to be made out, but 
b(‘fore applying for these the importer must 
}ire.sent to tho clerk who has charge of tho 
ship’s report a transhipment bond warrant, 
which contains a full and detailed description 
of tho goods. The cU'rk compares this with the 
ship’s report, and if they agree he writes on tho 
warrant the wnrd ” Correct,” signing it with his 
initials. A tran^jhipment delivery order is then 
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made out “To the officer of Customs on board 
tho [here comes the name of the ehij), and her 
captain]. Send up in charge of an officer of 
Customs, to be delivered into the custody of tho 
proper officers at [such and such a dock) for 
transhipment only on board the [name of tho 
.ship I for [name of the port to which the goods are 
going].” Then follow the details and marks of 
the cases of goods. A transhipment lighter note 
or a transliipment cart note, according to 
whether the things are being transferred by 
water or by land, and a shipping bill, are also 
made out. On receiving the transhipment 
delivery order, tho (‘iistoms officer who is in 
charge of the im])or 1 iiig vessel allows the goods 
to he handed over to the licensed lighterman or 
earmau for conveyance to the exporting vessel. 
A transhipment lighter or cart note is given 
wuth the goods, and this, with the shipjung hill, 
is given to the officer on hoard the ex])orting 
vessel when the goods art^ delivered. He certities 
to the shipment of the goods and, if retpiested, 
also gives a mate’s receipt. 

Using the Railway in Transhipment. 
Wh(‘n goods imported ‘‘ in transit ” are remov'cd 
by railway from oru^ transhipment port to 
anollu‘r, tlie railw'ay company wdiieh eonv^eys 
the goods must enter into a bond that they 
will dcliv<‘r them into llie care of a ])roperly 
authoris<‘d Customs officer at the ]>ort of 
ex[)ortalion. Sometimes a C'u.stoms officer is 
sent in eliarge, in which case a return railway 
ticket or pass, tog(‘lh('r wath an insurance ticket 
for five liundred pounds, must he provided, and 
a de2)OHit made to covt'r th(* expertises incurred. 
There must be no undue d(‘Iay in tho delivery 
of the goods from the importing ve.ssel to the 
railway vans, and they nmst be delivered into 
the charge cf the (Histoms officials at the port of 
shipment within forty-eight hours from the time 
they w'cre tak(*n from the import vc'ssel. Tho 
railway A’aiis conveying the goods are placed 
under (Vown locks, and if an officer does not 
aecomjiany them they arc aLso officially sealed. 
Of course, all tho o])eTiing and re-fast (‘uing of 
2)aekages for (Aistoms (‘xamination havt^ to be 
done by the owners or agents, and at llu'ir oivn 
expense. This applies to goods that are examined 
on importation, transhipment., or exiiortation. 

Accuracy Necessary in Filling Up 
Forms. It is important that tlu* chirks whost^ 
duty it id to fill up tho various forms for the Ciis- 
toin.s authorities should do so with the utmost 
accuracy, as any errors, smffi as giving wrong 
quantities or values, entering up dutiable 
goods on free entry forms, and so on, are very 
serious. The C’ustoms officers arc extremely expert 
in detecting errors of this kind, and wffien they sus- 
pect anything is wrong they have the jiower t o call 
for docunw'iitary evidence showing the correctness 
of tho entries. Frequent or serious inaccuracie.s 
are i^unished by fines ; and although occasional 
mistakes may be unavoidable, it must bo 
romemberod that the fact of an error being made 
unconsciou.sly and by accident is not sufficient 
to bring about an escape from the fine. 

The Need for Experience. Of course, 
the Customs authorities take into consideration 



the frequency with which such mistakes occur 
in the documents of a firm, but the seriousness 
of a mistake can easily be understood. Some 
hrms, in fact, make -their clerks pay any lines 
that may be incurred through their own careless- 
ness. Of course, wliik^ a new-comer to the 
shipping trade may make errors through sheer 
ignorance and lack of experience, it follows that 
with experience liability to bluudtT decreases. 

Errors, for example, arc particularly liable to 
occur through the* non-declaration of articles 
containing some of the materials that have to 
pay duty. As an illustration, whih^ any shipping 
clerk would know that ethylic acid must he 
declared, even an expert may overlook the fact 
that this product is (iontained in liquid extract, 
of bark, in many American patent medicines, in 
some calf’s-foot jellies, in certain vinegars, in 
some fish glues, in hair-washes, in liquid prepara- 
tions of moat, in oil of mustard, and i;ven in 
certain toys, like the well-known hottlc-imps. 
These are only some of the 150 or more articles, 
half of them being patent medicines and cures, 
that have been found on examination to contain 
ethylio acid, and tht;rcfore to be liable for duty. 
The same thing applies to other dutiable articles; 
and it is therefore essential tliat the ship[iiiig 
clerk should be a man of knowledge and 
experienee. It is always wise, where there is 
any doubt as to the contents of the goods im- 
ported, to take out a bill of sight. 

Importing Bullion and Diamonds. 
Bullion, coin, and diamonds have to bo entered on 
a special form within 72 hours of arrival in an 
English port, the penalty for a failure to do this 
being a tine of twenty pounds. They may be 
cleared by handing a printed request to the 
examining offu^er, in Avhich an* givtai tlu^ marks 
and number of packages, jiiid thi? wi-ight, value, 
and description of the consignment. Of course*, 
the hill of lading must also be produced. 

Imports Prohibited though not 
Dutiable. In addition to dutiable articles, 
a number of o^.her things are either prohibited 
altogether or only"^^ allowed to come into 
the country under certain restrictions, and the 
Customs authorities always keep a stricl look- 
out for these — such things, for instance, 
as foreign prison - made goods, imitation 
coins, fictitious postage-stamps, foreign goods 
bearing British trade-marks, and so on. 'rhe 
Merchandise Marks Act of 1887 declares that all 
foreign-made goods which bear any marks sug- 
gesting British origin must have upon them souie 
qualifying declaration, such as Made in (ler- 
many.” Not only so, but goods which bear a false 
trade description, as, for instance, ]iort wine made 
in Germany, must have a qualifying mark or 
clause upon them before they can bo allowed in. 

' Protecting the British Manufacturer. 
In order that the British manufacturer may 
not suffer* by having foreign goods come into the 
count?ry bearing his mark without authority, or 
with even a colourable imitation of it, the Board of 
Customs allow the manufacturers and traders of 
the United Kingdom to register their names or 
marks at certain ports, and this assists the 
Customs authorities in stopping illicit trade of 
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the kind dt'seribed. Of course, English manu- 
factiirers arc not allowed to use even their own 
trade-mark on foreign-made goods imported by 
them, unless there is a qualifying clause Made 
in Germany,” or wherever it may he. As soon 
as any goods are detained on account of wTongly 
used names or marks (hat have been rc^gisten‘d. 
the (Customs authorit ies s<*ud notice to the owner 
of the mark, and any detention for more than 
forty-eight hours, apart from oth<'?* illegalities 
in the import, is at his risk. For a longer deten- 
tion than forty-eight hours, (he Customs officiak 
n*(|uiro security, as will be explained later. 

Not only do the Customs oliie<»rs detain goods 
on their ow^ii account because of forged trade- 
marks, but firms which have registered tho'ir 
names and marks may sonu'times liave informa- 
tion from abri)ad of a large consignment of goods 
being shij)ped from a foreign port, and about to 
arrive in this country. In such cases tlu'y may gi vi^ 
information to the (Customs authorities, but in 
doing so, and asking for detention, they take con- 
.sideral^le risk, and have to give security, in case 
tla* (Customs ofhcials are sued for the det<‘ntion. 
8o important, is this matter that it will be well 
to give in some detail the ix‘gulations coneerning 
diitentioiis on account of forgery of trad(‘-marks 
and manufacturers’ iiaim's. 

Conditions of Detention. According to 
the regulations of the Commissioners, “ Goods 
])fohibited to be imported as hei’cinbeforc 
r(‘ei((‘d, having applied to them forged trade- 
marks, falser ti*ad<‘ descriptions, or marks, names, 
or descriptions, otlierwise illegal, which upon 
exaii I i nation are det(;ciod by tluo oflieers of 
Customs, are to be detained by tlwnn without 
th(^ reipiirement of previous information. 

“ In giving information with a view to dt^ten- 
tion, an informant must fullil the following con- 
ditions, namely : 

(a) He must give to the collector or Hup(‘riri- 
teiidciit, or the cliief officer of Customs of Ifuj 
jjort, or .sub-port, of expected importation,, 
in writing, stating the number of ]aiekag(‘s 
expected so far as he is abki to state the same ; 
the descrii)tion of the goods by marks or other 
particulars, suflieient for their identification ; 
the name or other sufficient indication of th(5 
importing ship ; the inaniKT in whicli the goods 
infringe the Act ; and th(^ expected day of the 
arrival of the shij). 

“ (ft) He must deposit with the collector or 
other officer, as aforesaid, a sum sufficient, in 
the opinion of that officer, to cover any addi- 
tional expense which may be incurred in the 
examination required by reason of his notice. 

Security Required by the Customs 
Authorities. “ If, upon arrival and examina- 
tionof the goods, the officer of Customs is satisfied 
that there is no ground for their detention, they 
will be dclivewHl. If he is not so satisfied, he 
will decide either to detain the goods, as in a 
case of detention upon an ordinary examination, 
or to riajuire sc^curity from the informant for 
reimbursing the Commissioners or their officers 
all oxijenses and damages incurred in respect of 
the detention made on his information, and of 
any proceedings consequent thereon. 
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“ The security thus required must be an im- 
mediate ad valorem deposit of £10 per cent, on 
the value of the goods, as fixed by the officer 
from the quantitic's or value shown by ihe entry, 
and also subsequently about to be coniplet<*d 
within four days in double the value of the 
goods with two a])proved sureties. The ad 
valorem dcjiosit will be returned upon com- 
plefioii of the bond, and will not be required if, 
as an alternative where time permits, the in- 
foiinant prefers to give a like bond before 
(^xaiiiination upon estimated value of the goods 
declared to by him under statutory declaration. 
If the security is not duly given as above ro- 
ciuired, there will be no further detention of the 
goods. In the above regulations tlie -words ‘ officer 
of Customs ’ m(‘an an officer acting under geiu'ra! 
or speci.al direction of the Commissiouei's, and the 
words ‘ value of tho goods ’ mean value irre- 
spective' of duty. 

The siicurity takeji und(*r these regulations 
will be given up at tho times following; that 
is to say, wli^ire given before examination, and 
if no detention, forthwith. Where given on 
detention, if the forfeiture is completed, either 
by lapse of time or ultimate condomnatioii by a 
Court of Justice, then on such eompletion of 
forfeiture ; if the forfeitvire is not completed, 
then if the goods are rclea.sed by the Commis- 
sioners, and no action or suit has lau'n b<‘- 
gun against them or any of their officers in 
respect of their detention, then at the exiiiration 
of three months from the time of detention ; or 
if the goods are released for failure of ])roce<‘(l- 
ings taken for the forfeit and condemnation 
thereof upon information urid(‘r Section 207 of 
‘The Customs Consolidation Act, 1870,’ and no 
action or suit has been begun against the 
Commissioners, or any of their offi^'crs, in n'spect 
of the detention, then at the expiration of three 
months from the trbil of such information. If, 
w ithin such periods as aforesaid, any such action 
or suit as aforesaid has been begun, tb“ii 
iq)ou tho ultimate conclusion of such action or 
suit, and the fulfilment of tlie ijurpose for which 
the security w^as given. 

“ Tho.se regulations apply to transliipmcnt 
and transit goods, as well as to good.s landed 
to be w’arehoused, or for homo eonsum|jtion.” 

Clearance Inwards and Outwards. 
I’here lire many technical terms used in eonnoetion 
with tho imiDort ami export trade whicli I'veiy 
shipping clerk should know, and he should also 
ho absolutely clear upon the meaning of the 
terms. (Jlcaraucc inwards ar.d clearance oul- 
w'ards are exam[)Ios As soon as a vessel bringing 
irnfjorts to tliis country has discharged her cargo, 
a Cu.stoms oflicial known as a w'aterguard officer 
goes through or rummages the vessel; that is, 
examines it very carefully in every part, and 
checks wdiatev<'r stores there may be aboard. If 
all the ri^giilations have been properly complied 
with, he i.ssuo.stIic ship’s clearing note and stores 
certificate. A copy of the clearing note is then 
sent by the Customs officer to the office of tho 
“ principal searcher.” All this is the clearance 
inwards of the vessel and means, in short, that 
the ship has^ been thorougldy examined by 
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authorised officials who declare that all the re- 
quirements of the Commissioners of Customs 
have been compliwl with. Clearance outwards 
is a similar declaration for an outgoing shij). The 
various documents — tho report inward of goods 
reported for exportation, the victualling bills, 
the master’s declaration, and so on— are soak'd 
to a label giving the names of the ship and her 
master, and the daf(^ of clearance. The collector 
Beal.s the label if all is in order, and tho jjapens 
thus sealed and signed coMstitiito tlie vessc'l's 
authority to depart. Until all dock and har- 
bour dues are paid, and proper life-saving a[)- 
pliances are on board, no vessel is granted its 
clearance outward:!*. 

Sometimes a ship that has cleared at one 
port wdll visit another British yiort to take in 
further goods. In such a case the master of the 
vessel must deliver to the collector or other 
authorised official there an additional “Content” 
or dt'claration res 2 )eeting fho goods shijqied at 
that port. This is attached to the label with th(^ 
other documents, and scaled in exactly the same 
way. If several ports are visited, the same 
routine is followed in each case. 

The Official Customs Forms. All the 
forms ri ferrod to in this article are printed by 
the official printers to Ihi^ (loverniucnt, and can 
be bought from duly appointed agi'iits, wdio aic 
usually stationers in the neigh liourbood of the 
(Histom Houses Some of tho forms, however, 
may b(^ tirinted by imvate firms for their own 
use, ])rov idl'd that in all essential points tbi'y 
are in conformity with tho official style. Only 
the largi'st firms w^oukl find it W'orth wffiilc, how- 
ever, to print their own forms. 

London and Other Ports. In conelusion, 
it must bo mentioned that the methods of 
ck'aring goods and tho (kistonrs ])ro(;edure 
vary slightly at dilTerent ports, and tho methods 
de.scribed above arc those in vogue in the Poll 
of London, which still remains far and away the. 
most important port commercially in the United 
Kingdom. In addition to its many largo docks 
— the East and West India J)ock.s, tho Royal 
Victoria Docks, the Royal Albert Docks, tho 
Tilbury Docks (just outside London, but, of 
course, actually a London dock), tho Ijondon 
Docks, the St. Katharine’s Docks, and tho 
Surrey Comuiercial Docks — it has a few smaller 
docks like the Regent’s Canal Docks, and more 
than three huudu'd wharves, which line the river 
on both sides. Tho Customs authorities are 
quite alive to the competition of largo foreigii 
ports like Antwerp, Hamburg, Rotterdam, and 
others, and they are always ready to meet any 
real difficulties of tho English importers by re- 
laxing, as far as possible, hard and fast rules and 
form I and regulations, provided it is quite clear 
that there is no attempt to evade the claims of 
the Crown. No doubt tho facilities for im- 
porters at the Port of London will be greatly 
increased now that the docks are no longer 
owned privately but are under Government 
direction, tho Port of London Authority having 
charge of the river and its navigation between 
Teddington and the great docks already referred 
to above. CHARLES RAY 
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Interference. Lessons from Soap Bubbles. The Spectrum and the 
Spectroscope. How the Spectroscope Discloses the Chemistry of the Stars. 

THE WAVE LENGTHS OF LIGHT 


W B are now to turn to facts and phenomena 
which depend for their j)roduction and for 
their comprehension upon the w'ave theory of 
h'ght, and which hnve led to developments of 
knowledge that can be described only as amazing. 
Let us recall, in a few brief phrases, what has 
already been assorti'd as to the wave theory^. 
We have seen that the history of the wave 
theory of light really begins with the discovery 
of what is called interference, and already we 
know what tliat term means, because we have 
studied it, in some measure, under sovnd. 

Waves of Sound and Waves of Light. 
Xow, interference is a common property of all 
forms of wave motion, and it is worth considering 
in the abstract before we discuss the actual 
interference phenomena of light. It does not 
matter whether, for instance, the waves are 
to-and-fro weaves in air or whether they are 
transverse waves in the ether. The difference 
between the wave motion constituting sound 
and that constituting light is measureless in 
many respects. But they are both wav(^ mot ions, 
and therefore they both ('xhibii bit (‘rference, 
and precisely anaiogous consequences of such 
interference. As w'c have seen, if the waves 
under discussion bo water-waves caused by 
throwing stones into a pond, the result of iiit.er- 
ference will be to make tlui elevations of the 
waves higher w^hen the crests of the two waves 
hajipen to coineidis and to make the troughs 
deeper when tw^o troughs coincide. 

Precisely analogous is interference in sound- 
weaves ; an exactly parallel thing happens. Wo 
interpret the supiTposition of crests and troughs 
as increase of loudness, and the mutual neutral- 
isation of weaves — eaqsod as wo shall now see — wo 
interpret as silence. Similarly, as has previously 
been said. Young discovered that there are con- 
ditions in wdiich the addition of light to light will 
cause darkness, and its removal will leave light. 

Two Light-waves May Make Dark- 
ness. The general proposition of interference, 
as stated by Professor Tait, is this : “ When two 
similar and equal series of waves arrive at a 
common point they interfere . . . with one another 
so that the actual disturbance of the medium at 
any instance is the result of the disturbances 
which it would have suffered at that instant 
from the two series separately.” Ho goes on to 
say : “ Thus, if crests, and therefore troughs, 
arrive simultaneously from the two series, the 
result is a double amount of disturbance. If, 
on the contrary, a crest of the first series arrives 
along with the trough of the second, the next 
trough of the' first series will arrive along with the 
next crest of the second — and so on. One series 
is then said to be half a wave length behind the 


otluT. Tn this casi? I, he portion of the medium 
consi<lcn‘d will remain undiMurbeAV' In the ease 
of water-waves, theses facts are illustrated by 
the tides at the port of Batsha, the peculiarities 
of which w'ore discussed by Kowton hims(‘lf. 
At this place “tin? ocean tide-wav<? arrives by 
two different channels, one part being nearly 
six hours, or half aw^ave length, behind the othtT. 
As a result , there is scarcely any noticeable tide 
at Batsha itself, though at places not very far 
from it the rise and fall are considerable.” 

Precisely the sanu^ is true of sound-waves. 
Says Tait : “ Two sounds of the same wavc- 

leiigtli and of equal intensity produce a silence 
if they reach the external ear with an intiTval of 
half a w'ave- length, or any odd multiple of half 
a w'ave length ’’ The inien'sting circumstance' 
is that these facts were known before the w'avc 
theory of light was aceejiti'd and la^fore the 
iiitiTferenco of light was demonstrated. 

Allusion has aln'ady been made [page 1790] to 
Lord Brougham’s violent attack ujion Young in 
(he “ Edinburgh Review.” Let us now quote a 
few^ sentences from Young's dignified reply. It 
is to be noted that it was an ’‘argument from 
analogy ” that led Young to the truth, and that 
is why wx* have insisted at such length upon the 
parallelism between the iihenomena. in inter- 
ference, no matter whether they are displayed in 
w^ater, air, or ether. 

Young's Explanation of Interference. 

Having stated that his disiiovery was duo to 
reflection upon the “ beautiful experiments of 
Newton,” and having deehired that his law 
seemed to account for morci phi'nomena than any 
other law of optics then know'ii, Young giH's 
on to say ; “I shall endeavour to ('xi>lain this 
law by a comparison. Siqipose a number of 
equal waves of water to movc^ upon the surface 
of a stagnant lake with a certain constant 
velocity, and t o enter a crhannel leading out of the 
lake. Suppose, then, another similar cause to 
have excited another equal si'ries of waves, which 
arrive at the same ehannd with the same velocity, 
and at the same time with the first.” He then 
goes on to show' that in such a ease the waves 
must either reinforce one another, or, if there 
be an interval of lialf a wave length, ” the surface 
of the water must remain smooth ; at least, I 
can discover no alternative either from theory 
or from exiieriiuent. Now, I maintain that 
similar effects take place whenever two portions 
of light are thus mixed, and this I call tlie 
general law of the interference of light.” 

We must next proceed to the study of the 
simplest and, in a sense, the oldest of inter- 
ference phenomena — those which wer^ studietl 
exhaustively as far back as the time of Newton. 


SOURCES AND USES OF POWER, PRIME MOVERS, POWER IN THE FUTURE 
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Wo shall find that facts of the utmost interest and 
value are to be derivCMi from the study of objtKJts 
which most of us may never have considered 
worthy of serious study — namely, soap bubbles. 

Everyone is familiar with the fine colours 
produced in a film of soap blown into the form 
of a bubble. To the eye of the physicist 
soap bubbles are of the utmost interest ; nor 
is the interest confined to the colours which 
they show\ Plainly, the soap bubble illustrates 
the action of molecular forces which hold the 
])articles of the film together. Just a century 
and a half ago it W'as shown that a soap bubble 
tends to contract, so that, if W'e relax the pres- 
sure at the end of the tube, the bubble wdll 
become smaller. The force* so exercip-cd is that 
force of surface tension wliich lias already been 
described as a general property of the surfaces 
of liquids. [See page OOG.] 

Light and Soap Bubbles. Here, liowwer, 
wo cannot return to this aspect of the que.stions 
suggested by soa]) pubbles. For our present 
jmrposti wn have merely to note the fact that the 
bubble is a spherical film which has an appreci- 
able, though small, thickness. The film has two 
surfaces, an inner and an outer, both of which 
are exposed to air. The important matter for 
our ]>rescnt purpose is to consider tlu‘. behaviour 
of light in relation to this film and its surfaces. 

The soap is not the important thing, for w'e do 
not see such colours in an ordinary solution of 
soap. The essential thing is that the soap 
is spread out in the form of a film. Indeed, the 
same phenomena are shown by other films. 
Many liquids poured upon water will sxireud 
themselves out into a thin film that shows tlicse 
colours. They are also show n by |)latcs of various 
trausjiaront substanct^s if these are capable of 
being made thin cnougJi. In other words, the 
soap bubble merely jirovidcs ns with a familiar 
and bcaiiliful illustration of what we jnay call, 
ill general, the colours of thin plates. 

Jlcfore leaving them let us note one Ktiiking 
phenomenon exhibited by soap bubbles ami 
explained by Young's jjrinciples. This can be 
shown either by a soap bubble or, as is more 
convenient for many purfioses, by a film of soa]) 
spread out within a small ring or frame made 
for the i)urx)ose. These soap films are voiy 
largely used for exjierimeiit and illustration. 
If w^e take a soa}) bubble or a soa^) film held 
vertically and xirotcctcd from currents of air, 
anil watch it, Ave find remarkable consequences 
as it iirocoeds to drain, thus causing its upx)crmost 
])art to become very thin. We find that this 
thinnest jiart becomes black ; if it can be seen 
at all it is only by light reflected from particles 
of dust on its surface. This fact can be perfectly 
exi)laincd in terms of interference. 

Newton’s Coloured Rings. The appear- 
ance which goes by the name of Newton’s rings 
must often have been observed by any reader who 
has done work w'ith the microscoi^e. If we take 
two x)erfectly clean cover-glasses — very thin 
pieces of glass used in microscopy for covermg 
the object to be examined — and press them 
firmly together, a series of coloured rings will be 
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seen to spread from the jioint wdicre the pressure 
is greatest, and to widen out as the pressure is 
increasctl. These rings of colour are due, wo 
must conclude, to the passage of light through 
the veiy thin film of air enclosed betw^een the 
two cover-glasses. 

Following various physicists, Newton set to 
work to ascertain the precise relation between 
these rings now known by his name and the 
thickiichs of the film of air that produces them. 
His method was to xilace ^ flat piece of glass 
ux)on the convex face of a very slightly curved 
])lano-convex lens. This arrangement gave 
him a film of air which regularly, but very slowly, 
inc’eased in its thickness outwards from its 
centre. Under those conditions Newton obtained 
a series of coloured rings, all concentric, the centre 
b(‘ing at the point of contact between the two 
pieces of glass. Obviously the next proceeding 
was to use light of one colour instead of compound 
white light. When NcAvton did this ho found 
that the rings he obtained were alternately 
coloured and dark. Tho exx)eriment is always 
a striking and beautiful ono ; usually a brilliant 
yellow’ light is onq)loyed, which yields a si)lcndid 
series of black and yellow rings. But tho 
size of the rings was not tho same with all kinds 
of light. Willi light from the red end of tho 
s])eetrum the rings had a large diameler, but 
as tlie various colours were gone through u|) to 
blue, tho rings been mo .smaller and smaller. 
This fact suffices to explain tho appearance 
shown with W'liite or comxionnd light. Tho 
rainbow^ effect of the colours thus obtained is 
duo to the sorting out of its constituents. 

Explanation of Newton’s Rings. In 

terms of the wave theory of light tho facts can bo 
satisfactorily (‘X[)laincd. Wo have merely to 
conceive that soiiu* of the light is reflected at tho 
upper surface of tho film, and some at its lower 
surface. (In the case of the soap bubble, read 
outer and inner for upper and lower,) We have 
now merely to apply onr general i)rinci])leH of 
interference. At the points where the film is 
of such a thicknch's that the tw o reflected streams 
of light difiVr in xJiase by a w ave length exactly, 
or by a nmlli])lo of their wave length, they 
will reinforce ono another, with the cons(‘quenco 
that Avo shall see a bright ring. But, at other 
})oints, intermediately iilaeed, the film must 
ho of such a thickness that tho tAvo streams, 
reflcctoil from the tAvo surfaces, differ in jihase 
by half a waA’e length, or by an odd number 
of half wave lengths. In such a case, we shall 
have a state of affairs precisely similar to that 
eoniieivcd by Young in tho cjise of waves of 
waiter in a channel. Light added to light 
will cause darkness — this being the only known 
instance in Avhich tAvo whites make a black — 
and a dark ring Avill be produced. 

Measuring Wave Lengths of Light. 

Not only do Newton’s rings x>rovido a striking 
instance of phenomena Avhich can be explained 
on the Avave theory of light alone, but they also 
contribute to the W'ave theory of light by 
providing us Avith a means of measuring wave 
lengths. To di.scuss this in full Avould require 



more gooinctry than is d.^sirablc hero. If, 
however, wo consider the angle at which light 
may fall upon an air film of constant thickness, 
we shall see that interesting consequences 
must follow according to the angle of the incident 
light. The more oblique the incidence of the 
light, the less is the retardation of the ray 
which is reflected from the further surface of 
the film. It can bo shown that a complete 
geometrical discussion of these facts gives us 
means for measurirife the wave length of light. 

But there are entirely ditTerent inetliods of 
producing interference, and these lead us to 
further complexities. When we were discussing 
the history of tlie theories of light wo noted 
how the rectilinear propagation of light and 
the occurrence of sharp shadows seemed to turn 
the scale against the wave theory and in favour 
of the corpuscular theory. 

Diffraction of White Light. We must 
now look into the question of shadows more 
closely, with reference not only to fho wa\e 
theory of light, but also to the phenomena of 
interference. If we make light travel through 
an extremely small aperture — having some 
reasonable proportion to its extremely small 
wave length — we find that the light behaves 
as it should behave, if it be a wave motion. 
It suffers diffraction, or breaking apart, in all direc- 
tions ; its behaviour in such a case? is entirely 
opposed, evidently, to the corpuscular theory. 

The conso(jucnc<j of diffraction in the case of 
white light is to produce coloured fringes, and this 
may be done by many moans. Thus, we may 
employ a narrow slit, such as has already been 
instancal. If avo make such a slit in a piece of 
cardboard and place it in front of a candle, a net 
then if wo make another similar slit in another 
piece of cardboard, hold it up to the eye, and look 
through it at the light ])assing through the first 
slit, we shall see these fringes. 

Diffraction Fringes. But any opaque- 
body of sufficient narrowness placed in the 
way of a beam of light will similarly cause 
diffraction. For instance, we may employ a 
narrow wire, and place it in the path of light 
coming through a narrow slit, and so may 
obtain diffraction fringes. These have been 
produced by the action of the two edges of the 
Nvire upon the light; and we shall best under- 
stand the phenomenon if wo consider it in its 
simplest form, namely, that of the casting of a 
shadow by the edge of any opaque body, 

if we arrange an experiment, using light from 
a luminous point, wo do not find, as we might 
expect, that the shadow has a sharp txlge. 
On the contrary, there is a gradual transition 
from light .to darkness, the light slightly in- 
vading the area which should be dark — and 
which would be dark if light were a stream of 
oorpusoles ; whereas, on the other hand, the 
area which should be uniformly light shows a 
series of fringes which gradually fade away. The 
appearance seen upon the screen, therefore, is not 
a sharp transition from dark to light. Fresnel 
readily explained these fringes in terms of 
interference. 
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Diffraction Gratings. These facts arc 
applied, in physical iiiquiiy, in the employ- 
ment of what ani called interference or di /frac- 
tion gratings. A grating may have various 
forms. It may consist simply of a series of 
fine wires, parallel and equidistant, or a piec'o 
of glass on which KU(;h lines have been ruh‘d. 
Such diffraertion gratings are now almost in- 
variably employed in the 8peotrosco])e in place 
of the prism. Sometimes it is desirable to em- 
ploy other transparent materials instead of 
glass. If glass be us(hI, the lines have to be 
ruled by a diamond, but a very largo number 
of lines are necessaiy, and so tlie diamond is 
soon worn down. "About fifteem or twenty 
thousand lines to the inch are needed, though it 
is pos.sible to have as many as fifty thousand. 
In order to economise in diamonds, a modern 
diffraction grating is not ai transpanmt grating 
at all, but a reflecting one, and is made of very 
finely ground and polished speculum metal, 
W'hieh a diamond can rule without wearing 
nw^ay lU'arly so soon as w hen glass is (*rnpIoyed. 

When we look at light from a narrow slit 
through a diffratdion grating we sec an image 
of the slit in the middle, while on each sale 
of it is a series of coloured images which are 
more ancl more spread out the farther they 
are from the centre. 

The Octave of Light. Under I best) con- 
ditions it is possible, by moans into which we 
cannot here enter, to measure the wav(^ length 
of light of various (jolours. The approximate 
results may, however, be noted. The wave 
ItMigth of visible light shows, as we know% a 
range of slightly less than one octave — if we 
may borrow’ this convenient analogy from 
sound. The longest wave length that stimulates 
the retina, that of red light, is about one thirly- 
thousandlli of an inch in length. The shortest 
appreciable w^ave length, that of violet, is ap- 
proximately half as long; that isto say, one sixty- 
thousandth of an inch. 

These figures apjH'ar at first to he incredibly 
small. (Jertainly they arc small W’hen com- 
pared with the wave lengths of audible sound, 
Avhich have to be exj)ressed in feet, but, on 
the otJicr hand, one thirty-thousandth of an 
inch is not really so V(*ry small relatively to 
many distances wdiieh we are otherwise ac- 
fpiainted with. For instance, it is possible, as 
w'c have already seen, to make fifty thousand 
lines side by side within the space of an inch 
upon a })iece of S])ecnlum metal. Again, this 
distance, W’hcn compared with the probable 
dimension of mol«*euIes — including even very 
large mole<;uIcs — is actually very great indeed. 
In other words, we must remember that, in 
comparison with the size of the objects which 
we should like light to reveal, its wave length 
is hopelessly large. 

The Spectroscope. We must now con- 
sider a new’ optical instrument, of very great 
interest in itself, and of supreme interest in 
consequence of the extraordinary insiglit which 
it has given us, and which it alone can give 
us, into many of the greatest facts of Nature. 
Wc already know, in general, terms, what a 
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spectrum is, and the spectroscope is none other 
than a device for forming and examining the 
s|xjctrum of any light that we may care to 
examine. The most natural and simple method 
of forming a spectrum would, of course, bo by 
means of a prism, though the prism has been 
largely replaced, for this purpose, by means 
of a difTraction grating. The two means effect 
the same end, but by somewhat different prin- 
ciples, the prism causing dispersion of the 
various constituents of compound light because 
of the dilferent speeds at which these constituents 
move through glass. The grating causes similar 
results because of the differences of wave length 
between light of various colours. If we ask 
ourselves, however, why different colours move 
at different speeds llirough glass, we shall sec 
that the two me’ hods depend upon the utilisa- 
tion of one and the same ultimate fact of light. 

The Lines of the Spectrum. When wo 
f'xamino the spectrum of sunlight, wo find 
various dark lines upon it. These have long been 
known, and were first exhaustively studied by 
the physicist Fraunhofer. He made a careful 
list of them, and gave them names, employing 
the letters of the alj)habet for this purpose. 
These dark lines of the spectrum of sunlight, and 
of light from various other sources, have revealed 
to iJH certain truths concerning the chemistry 
of tlie universe in general, and we must study 
their production wit h t he very greatest care. We 
may begin by considering spectra that arc much 
more simple than this of sunliglit-- which, as a 
matter of fact, is almost infiiut(*ly complex. 
Equipped with the spectroscope, we can examine 
the liglit given out by any luminous body, and 
wo can make various bodies luminous for this 
jmrposo. We then make a remarkable discovery 
as to the fundamental distinct ion betwen two 
different kinds of spectra. When we liav(? 
appreciated this distinction, w'e shall be on our 
way towards understanding tlio principles of 
spectrum analusis, and of realising the significance 
of the dark linos in the spectrum of sunlight. 

The Two Kinds of Spectra. Wc find 
that spectra arc of two kinds. In certain cases, 
the spectrum is a continuous band of colour. 
In other cases, it consists merely of a series of 
coloured lines, Ijetvwcn w^hich there are dark 
intervals. The spectra of the first kind we call 
continuous, and those of the second discontlnumis. 
Wo further discover tlie very siinjde law that 
continuous spectra are j)roduccd by luminous 
solids, while discontinuous spectra are produced 
by luminous gases or 'v apours. This simple state- 
ment led to one of the most significant and re- 
markable astronomical discoveries of the nine- 
teenth century. If wo attempt to interpret the 
meaning of discontinuity or continuity of a 
spectrum, we see that a luminous solid must 
necessarily, as its spectrum is continuous, be 
giving out light of all wave lengths — within 
certain limits. These limits apply to a luminous 
gas or vapour also, but such a gas or vapour 
differs from the solid in that, within such limits, 
it gives out light only of certain particular wave 
lengths, and of pone otlier. Hence the dark 
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intervals between the bright lines of the dis- 
continuous spoctnim of a glowing vapour or gas. 
Some fifty years ago the late Sir William Huggins 
applied this fact of the two kinds of spectra to a 
great astronomical problem — the nature of the 
nebulic. He demonstrated the truth of the con- 
tention, then supported by an amateur called 
Herbert Spencer, against all the astronomical 
authority of the time, that what appeared to bo 
nebuJai or clouds of gas are reolty nebulie, and 
are not merely star clusters, i/hich are so remote 
that the telescope cannot resolve them into their 
(5onsiitueut stars. Not only so ; Huggins showed 
how the quality of the spectrum changes, becom- 
ing intermediate between the discontinuous and 
the continuous, as the nebula becomes resolved 
into planetary or soLar masses. This is not, of 
course, to say that thc^ process of celestial 
evolution was observed in any given case, but 
that various celestial bodies seemed to illustrate 
various stages in this evolution. 

Seeing an Atom. Now, when we come to 
look more closely at the discontinuous sp(‘c(ra 
of gases, and find that they vary in different 
cases, wc discover that in the speetroseope we 
have an optical instrument which can enable us 
to aeco!n])lish, in a sense, the feat of seeing atoms, 
which th(^ mieroseope is im[)o(ent to j)crform. 
Similarly, also, where the t(‘I(‘scoj)e fails us, the 
spectroscope is not at a loss. Of these tlin'o 
instruments for seeing with, the spectroscope is 
indeed incalculably lirsi in its power of insight. 

Let us take some of the vapour of sodium and 
examine it by means of a spectroscope. It will 
suffice to put a morsel of salt in a spirit lamp 
and examine the ehar.‘i(;te»isti(U4lIy yellow flame 
which is |jrodueed. Any sodium salt will act 
similarly. The spc'etrum j>roduced has the most 
remarkable cliaracters. There is darkiu'ss every- 
where except for a pair of brilliant yellow liiu's 
placed very close together, and having the 
]>osition corres|)onding to the yellow part of the 
sjHictrum of sunlight. We may takf^ any number 
of other instances, and wo always find that each 
of tlieni has its own cliameltuistic light. The 
differences between these various kinds of light 
must be referred to atomic) differences, ])Iainly. 
They do not d(‘pend ujjon the nature of any 
C'wipound that we may employ for examination, 
but solely upon the nature of the elements in 
those compounds — solely, that is to say, upon the 
nature of the atoms in question. 

Here wo can merely note tliat the particular 
kind of light ])^ducod by a particular kind of 
atom — the pjirtrclilar wave length, that is to say, 
of the etbc|^I vibration caused by that atom — 
is dotarinirfM by the movement and behaviour of 
the electfcns composing the atom. 3’he new 
corpuscular theory of matter takes up the facts 
of spectroscopy and builds them, with so nuuiy 
other facts, into an organised and rational whole. 

Fraunhofer’s Notable Discovery. 
Newton noticed the dark lines in the spectrum 
of sunlight, but he does not appear over to have 
asked himself what they meant. It was left to 
Fraunhofer to discover their tremendous signifi- 
cance. He showed tl^at certain of the lines — 
the dark ones — the spectrum of sunlight 



rocusely correspond in position with certain 

right lines which constitute the spectra of 
various elements. Thus, for instance, there is 
the most absolute correspondence between the 
double yellow' line of sodium light and the 
double dark line or double gap in the ycUow' 
Y)art of the spectrum of sunlight. Evidently 
coincidence could not explain these facts— they 
were too numerous. 

How Spectru/n Lines Correspond. 

When W'c were discussing sound W'e noticed how 
sounds of certain wave lengths could be picked 
up by vibrating bodies of suitable physical 
character. For instance, the A string of the 
])iano will be thrown into sympathetic vibration 
if a tuning-fork of the same note bo sounded 
loudly near it. This principle will enable us to 
understand the now' accepted and thoroughly 
veritied theory which explains the correspondenc(i 
between the dark linos of the solar s})cetrum and 
the blight lines of the various gaseous spectra. 
When we make the experiment, W'e find that if 
the vapour of a given substance, such as sodium, 
be interposed in the jiath of light given off by 
another sjieeimen of that sanui substance in a 
state of incandescenee, or in the jiath of a 
continuous speelruin, the blight lines charac* 
tcristic of the substance in question are precisely 
replaced by dark lines. Evidiuitly the vapour is 
enabled to absorb the jiaiticular kind of light rays 
whioh correspond to its own eomposilion, being, 
indeed, the very rays which it woukl itself give 
oiY w'cre it made luminous. The only necessary 
conciition for success in this experiment is that 
the radiant energy of the source of the original 
light must be grcf^er than that of the Ixxly inter- 
posed between the original source and the eye. 

The Chemistry of the Heavens. 
When W'o apply this principle to the results of 
celestial spectroscopy, W'e see at once that we 
are entitled to assert the existence of sodium 
ill the sun. As the light from the main IxMly of 
the sun passes outward, it has to make its way 
through outer laj^ers, W'hic;h are in the gasiHiiis 
state, but are at a lower temperature than the 
deeper parts. We can interpret the dark lines 
corresponding to sodium in the .solar S]>e<dniin 
only by supposing that there are atoms of sodium 
in the outer envelope of the sun which, liy the 
principle of sympathetic vibration, arc capable of 
picking out light of the wave length proper to 
themselves, and so leaving dark gaps in the 
spectrum of sunlight w hen it reaches us. 

These results constitute one^of the most 
significant and stupendous aehievAients of mod- 
ern science, for the spectra of the stars, and of 
comets also, contain dark lines, and thus we are 
actually enabled to discover the chemistry of the 
heavens. The subject cannot bo loft here without 
the assertion of the stupendous fact th.at tlie sun 
and stars are made up of the same elements as are 
found in the very tissue of the human eye that 
perceives them. 

The Boundaries of the Spectrum. 

When a wide c6nlpass of the ethereal vibration, 
compounded into that great chord of harmony, 
the visible part of w'hich w'e call w'hite light, is 
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analysed by the spectroscope, or sorted out into 
its various kinds, it must necessarily be that 
many 7i(>tes arc to bo found beyond either end 
of the visible part of the spectrum. The radiant 
heat mixed u]) with the sunlight, for instance, is 
put into its place by the spectrum, as also the 
rays which lie beyond its violet end. 

Thus, the use of the spectrosc^opo affords a 
splendid opportunity for studying many of the 
notes of the ethereal keyboard that lie beyond 
our range of immediate sensation. If, for 
instaruio, w'O use a screem painted with quinine 
sulphate instearl of an ordinary white screiui, and 
t hroAV analysed sunlight upon it, w c shall find that 
light is retlccted from tin* screen at a point well 
beyond wliat was formerly the limit. Similarly, 
there are suhstaiices which, when ])laced not in 
the course of the visible light from the ])risin. 
but just beyond its violet end, become visible. 

Fluorescence. The name ajiplied to the re- 
markable character display etl by quinine anil other 
substances is /I uoreficenre. This word is somew hat; 
loosely list'd in common speech, but it bus a 
precise physical moaning. Thc^ only valid 
explanation of the behaviour of the quinine 
nj)on the screen in the experiment we have 
quoted is that it transforms the ultra -violi't 
rays, which are too short to bo visible by our 
(‘yes, into light of longer rays which we can 
see. Many bodies absorb violet rays and emit 
them as green or red rays. 

It is noteworthy that fiuorescenco was first 
observed (by Sir David Drewster) in an alcoholic 
solution of ('hli>ro])hylL the familiar green colour- 
ing matter of plants. When sunlight passed into 
this, its course was marked by a rod streak. 
Fluorescence is of extreme interest in relation to 
the new' theory of matter, but we cannot bore 
discuss it at any greater length. Wc may merely 
note the observation of Sir James Dewar: that 
many substances which exhibit no lluorcsciuiite 
at ordinary temperatures show' this })ropcrty in 
a very high degree when they are lowered to 
such temiieraturcs as that of liquid air. 

Light Without Heat, (’oncerning the 
violet and ultra-violet rays, W'o must here 
note further merely that they arc praetieally 
W'itliout any heating action, thus contrasting 
markedly with the rays at the lower end of the 
visible spectrum. As regards chemical action, 
however, the converse is true, that of the 
ultra- red and the yellow rays being negligible, 
while the violet rays, as every photogr€a])her 
knows, arc extremely potent in this rovspect — as 
also are the ultra-violet, rays. 

There arc dark lines— if such a term be 
ajiplicable — in the sjiectrum of ultra-violet light, 
as photography has proved. 

Comparatively recently it has been shown 
that these rays, besides having a great value 
in n-stronomical research, enabling us by the 
camera to sec stars which we could not other- 
iv ise see, are of very great interest and of very 
great therapeutic value in relation to certain 
conditions of the skin of man and low'er animals 
— or, rather, w'e should say, in relation to living 
tissues in general. C. W, SALEEBY 
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Details of the Dry and Wet Processes. The Machinery and 
Plant Used. Cement Compositions. Analysis and Tests. 

PROCESSES IN CEMENT-MAKING 


Dry Process. Jn fh^scribing this process 
wv think it best to take the case of a 
typical instalment just as if we were going 
over cement works using the process, and 
describing the ])lant [18, 19, and 20] wc should 
lind there. 

In the typical process w<^ have chosen the 
plant illustrated treats limestone of average 
hardness, and clay shale. The output is 
1)0,000 tons of Portland cement per annum, so 
that assuming that the kilns work 3(MJ days per 
annum, we get an average output Of 50 ions 
for each kiln per day. 

The raw materials are brought to the works 
in tip waggons on rails (1), and are weighed 
outside to control the proportion of . the ingre- 
dients. The raw materials are tijipcd into the 
three crushers (2) and (2b), the first of which is 
used for shale, and the two others for limestone. 
These crushers are arranged between the four 
dryers (4), and connected with them by means 
of the elevators (3), so that each of the crushcTS 
can bo connected with cither of the two drying 
drums which lie one on each side of it. This 
precaution is taken in case one of the dryers 
should be put out of action for repairs. 

The materials arc kept separate as they pass 
through the dryers, and arc thence distributed 
into the three elevators (5), each of which again 
can be connected with eitlier of the two dryers. 
'Fhe dried raw materials are thus elevated and 
thrown into hoppers (G), whence they arc loaded 
into tip waggons running on the tw’o lines pf 
rails across to. the raw mill house, and shown in 
section [20.] Workmen push the waggons along 
the line, and at the same time look after the 
jh’oper distribution of the raw matcriuls. 

Preliminary Coarse Crushing. The 

raw mill consists of three kominors or modified 
ball mills, each of which holds tons of steel 
halls. Those kominors are marked 8, and the 
hoppers into which the raw but dried materials 
are fed are marked 7, on the drawing. 

Two of those placed together are for limestone, 
and the third grinds shale. Kach material is 
ground separately. 

After being roughly ground in the kominors 
the raw materials are brought by the conveyera 
(9) and the elevators (10 and 11) to themuing 
bins or silos ( 2 and 12b), the first of these 
taking the shale only, aod the two others the 
limestone. At the bottom of these, extracting 
worms (13) are arranged, which ^aw out a 
considerably larger quantity than that ret 
quired to keep pace with the' supply to the 
kiln. This excess of material is returned to the 
elevators (10 and 11) and mixed with the 


fresh stuff cornin'.^ from the mills, thus helping 
to keep the supply of uniform composition. 

Weighing and MixinI;. The elevators 
convey the coarsely-ground rock to the automatic 
weighing machines. There are two separate 
machines, each of w'hich is regulated so as to 
weigh the exact proportion of the raw material, 
one for the shale, and the other for the limestone. 
'Fhey are coupled together, so that they may 
automatically discharge when both are filled 
wath the right weight of material. The surplus 
brought up by the elevators (10 and 11) jind 
not required by the weighing machines is 
returned to the bins, and in this way a large, 
quantity is constantly circulating through 
them, so that as the material is drawn off for use 
it represents a very fair average of the whole. 

The weighed and mixed raw materials from 
the automatic weighing machines are disc;harged 
into the worm (16) and thence distributed to 
the two tube mills (18) through their feed 
hoppers (17). These are full-sized machines, each 
taking about ten tons of flintpebbltM. Hero the 
mixture of raw rnalt'rials is not only finely 
ground hut very intimately mixed. 

Mixing Machinery. After leaving the 
tube mills the finished line raw meal is taken 
by the elevator (19) and the conveyer (20) 
to the three mixing bins (22). A distributing 
worm, not shown in the drawing, runs above 
them. The three bins are provided with six 
extracting worms (23) which discharge into the 
collecting worm (24) on the ground level. Tliis, 
again, discharge.s into the raw meal elevator 
(25), from which the raw material is distributed 
by means of a distributing worm (26) to the 
feeds (27) of the four rotary kilns. 

The extracting worms, collecting worms, and 
elevators, however, arc constantly circulating a 
considerable quantity of raw meal over and 
above that required for the immediate use of 
the kilns, and this surplus is returned to the 
bins through another distributing worm (28). 
Tliis, again, is a necessary precaution, in order 
to ensure thorough mixing of the raw meal, and 
to obviate any variations which may occur from 
time to time in the composition of the law 
materials. 

The Kilns. The four rotary kilns (29) are 
30 metres, or about 100 ft. long, and 2T metres, or 
about 7 ft. in diameter. The hot clinker, which 
falls out of the kiln at its lower end, passes 
through the double clinker cooler (30), consisting 
of two cylinders, one inside the other. The 
olinkor, moving along, meets a strong Current of 
air drawn through the cooler. This air gets 
heated gradually to a high temperature as it is 
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drawn along through the brick -built room in 
which the drying drum for coal (4 11) is situated. 
It returns to the kiln through the fan (52j. 

The cool (ilinker falls into tip waggons (31), 
and is taken to the cement mill, which will be 
described later on. 

The rotary kiln is fired by moans of coal dust ; 
this replaces coal or coke as the source of heat 
for burning the raw materials to clinker. 

Coal Drying Plant. Special drying and 
grinding plant is provided for reducing the coal 
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PL.VN OF A DRY-PROCES-S CEMKNT Mir.L 


forcing a current of air through a maehiue. 
We may see the principle employed in ventilating 
restaurants and public buildings, and we hav(‘ 
also met Avith it in the process of <lrying bricks 
[seci RuICKMAKIXoI. 

The blast pip.» enters into the large pipe foi 
liot air driven in from the fan (52) and discharges 
the coal dust in a strong blast of hot air, whi(!li 
actually surrounds it and forces it right into the 
centre of the lower emd of the kiln. The two 
pipes are seen clearly in illustration [page 2lfl3J. 

Ry tills means the waste 
- ' I ■ I heat is fully ul i list'd, and the 

eombiistion of the fuel is 
4 J I r~ very eoinplete, owing t(' the 

lUir ^ I)resence of tJie surplus hot 

^ • "1l — IfTSI surrounding it. 

ni ll Clinker Cooling. 

!1 1 Crushing, and Grind- 
' clinker falls from 

* i[i] & the coolers direct into tip 

~!i I. n I waggons on tht^ systems of 

*' rads (3i , /ind is taken away to 

" ■ a clinker store arranged 

in the yard. Later on, 
it can be taken on tip 
"7^' waggons running on 
ri^ RAW Mill line of rails (32). 

L nwiai. direct frojii the 

M=L system of rails (31) to 

the line of rails (32). 

*:nt Mir.L cases, tip 




to dust. It is found that, as in (he vim^ of 
caw meal, the coal must be thoroughly dried 
before it can bo cfTectively powdered. 

Ihc coal dryer, which is an important appa- 
ratus, is built in a brick bui't chamber, so 
that both ends jut out through the walls, flic 
coal is fed in at one end of this dryer and Icavi s 
at the other, and at the same time a small amount 
of air is drawn from the hot air chamber through 
the dryer by means of a .sj)e(;ial little fan. The 
coal, as it enters the works, is f(‘d in through an 
aperture in tlie floor (11), covered with a coarse 
grating to prevent big lumiis from getting into 
the elevator inadvertently. 

Coal Grinding. Rythis elevator (42) it is 
taken up to tlio place Avhere it is fed into the 
drying drum. The dried coal falls into the 
elevator (44), by whicli it is h'd into a small 
komin6r (45). Hero it undergoes a preliminary, 
or coarse grinding, after which it is discharged 
into the “ feed ” of the tube mill (40), where 
the fine grinding is clTected. Ry the “ feed” of 
the tube mill we understand the opening where 
the material is introduced or “ fed ” in. 

The coal dust is carried up by means of the 
elevator (47) and distributed through the worm 
(48) to the four coal dust hoppers (40), one for 
each of thd four rotary kilns. Each of these 
coal dust hoppers is provided with a small 
extracting worm, the speed of which can be 
easily regulated by the burner or workman who 
controls the kiln. This worm discharges the 
coal dust into a nozzle (50) through which a 
strong current of air is driven from small blast 
fans (51). This is a contrivance for sucking or 


waggons are lifted by 
tile waggon hoist (33), a sort of lift, to the 
continuation of the line (32) on a floor above tlie 
cement mill. Here the clinker is distributed to 
threa kominors, marked 35 in the drawing, 
through the foods and feed hoppers (34). After 
undergoing a preliminary grinding, the coarse 
cement is eolb'cted by conveyers (30) and by the 
elevators (37), and fed into t he feed hoppers (38) 
of the two tube mills marked on tlie drawing 31), 
in Avhich the finishing and fine grinding takes 
place. An elevator (40) delivers th(* cimient on 
to a belt conveyer,” not shown in the draAving, 
Avhieh carries the eenitnit across to the ware- 
house. A belt conveyer is simply a long band 
or belt passing over pulleys, Avhieli keep it con- 
stantly moving. Tlie belt is horizontal, or nearly 
so, between the two pulleys, and the mateiial 
falling on it is carried along and tip])ed olT at the 
further end. ft is a eontri\"anee used for con- 
veying matc'i’ial from one part of the Avorks to 
another, and can be used for a great variety of 
materials ; we shall meet with it in grain stores, 
flour mills, etc. 

Motor Power. For driving (he machinery, 
two triple expansion engines of 600 h.p. each 
are provided. One of th(*se drives the rau' mill, 
and the other the cennmt mill; but, besides this, 
it is arrangi^d that either of the two engines can 
drive the kiln plant, with the accessory crushing 
and drying plant for the raw materials, and 
drying and grinding plant for the coal. Then, 
if one engine breaks down, the other -is avail- 
able. This precaution is necessary, as it is of 
the greatest importance that the rotary kiln 
plant should never be stopped, for a stupfmgj 
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will mean cooling clown of the kiln and serious 
interruption, and also damage to the firebrick 
lining. 

Wet Process Plant. We shall take a 
typical installation to describe the process, just 
as we did in the dry process plant. 

In 21 and 23 we show a large modern wet 
process plant. The raw materials arc ordinary 
w^hite chalk, containing about 25 per cent, of 
water in the state in which it is quarried, and 
gault clay, which also contains 25 per cent, of 
water on an av(;rage. 

The raw materials are brought in on rails (1), 
passing the weighing machines (2), where each 
waggon-load is brought up to a standard weight 
by taking off or adding to it from a small store 
of raw material always at hand in the w'cighing- 
hoiise. The weights arc made up so as to corre- 
spond exactly to the proportion in which the two 
materials have to be mixed. They arc tipped 
into the three wash mills (3). Those are large- 
sized wash mills, ut 25 ft. in diameter. The 
washing is done witn »he least possible quantity 
of waU^r, and the slurry contains only about 
33 per cent, of water to 07 per cent, of raw 
material. The slurry from the wash mills is 
pumped by three double-acting plunger pumps 
(4) through a system of pipes distributing the 
slurry evenly to the two wx*t tube mills ” (5). 
Each of these takes a charge of 10 tons of Hint 
pebbles. The quantity of slurry ■which passes 
through these tube mills is very consid(U‘able, 
amounting to more than 400 tons a day. 

Travels of the ** Slurry.** The tube 
mills discharge the slurry into six large triple 
mixing basins (0), each of which is capable 
of holding about 200 tons of slurry, and 


is no need to stop the rotary kiln plant should 
any breakage occur in the wash mills. 

Each of the basins is provided with a slurry 
pump (7). All of them pump the slurry through 
a system of pipes ending in a standpipe (8), from 
whence the six kilns are fed with slurry through 
valves (9) and shoots (10). 

To ensure that the pressure under which the 
slurry flows into the kilns may remain constant, 
and the flow consequently regular, the standpipe 
(8) enters into a small tank (JO), with an overflow 
(11) which leads back into a system of pipes, 
through which the overflow can he returned to 
any one of the six basins. 

The Kilns. The six rotary kilns (12) arc 
of the usual construction, the upper end being 
enclosed in a brick chamber, allowing the 
draught to sweep back outside the shell of the 
kiln before it goes away to the chimney to 
increase the drying caj)acity of this end of the 
kiln. 

These kilns are 30 metres, or about 100 ft. long 
by 2*1 metres, or about 7 ft. in diameUT. 

From the llTwcr end of the rotary kiln the hot 
clinker falls into the clinker cooler (13), shown 
by dotted lines under the kiln. This is of the 
usual type, "uith two cylinders, one inside Ih? 
other. Tlui cooled clinker falls into tip Avaggons 
on a system of rails (14), and is taken away to 
the cement store and mill. 

Coal Dust Plant. The coal drying and 
grinding plant are of the usual construction, 
such as we have already described. The coal 
drying drums (15) arc shown by dotted lines. 
There arc three of those drums, all 
of them surrounded by brick-built 
chambers und(*rnoath the floor on 
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fitted with three systems of agitators ; thciy 
consist of vertical shafts, wuth “ channel iron ” 
arms revolving slowly, so as to keep the Avhole 
contents of the basins in constant movement. 

The purpose of the basins is partly to mix 
largo quantities of slurry, so as to do away 
with any variations in the composition of the 
slurry as it comes from the wash mills, and 
partly to provide a means of checking its com- 
position. As a basin fills gradually, the chemist 
will watch it, and, if necessary, see that more 
clay or chalk is added to the wash mill from 
which the basin is being filled. When this is 
accomplished the contents of the basin are kept 
in movement until required. In this way the 
basins act as .reserves of slurry, so that there 
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which the burners work the kilns. The coal 
is fed in through throe “ jaw crushers ” (16), 
one for each of the drying drums, and thence 
lifted by the three elevators (17) into th) feeds 
of the drying drums. 

The dried coal is lifted by the two elevators (18) 
into the tw^o kominors (19), the coal from the 
outside drying drum being conveyed to the 
elevator by the Avorm (20). 

The Kominors. The two kominors for 
coal are a size to take 1 ton 4 cwt. of steel 
balls, are provided with screens of about 20 
meshes to the lineal inch, and discharge 
the coal direct into the two underlying tube 
mills (21), where the fine grinding takes place. 
These mills take a charge of 10 tons of flint 
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pebbles. The finialied coal dust is elevated direct 
from the tube mill outlets by means of the 
elevators (22) into the two distributing worms 
(23) over the six coal dust bins (24). 

Tlio small blast fan (25) provides lh<5 blast 
for the injectors into which the coal dust is fed 
by the variable sp 'cd extracting worm in the 
bottom of the coal dust hoppers. TJie largo 
fan (2(5) draws tlu^ air through tlie clinker cooler, 
the chamber in which the coal dryer is arranged, 
and blows the hot air into the kiln through the 
pipe (27) surrounding the coal blast pipe, as 
described previously. 

Precautions for Continuous Working. 

It may be stated here that it is of the 
greatest importance to be alile to run the 
rotary kilns practically without stoppage. For 
tliis reason, all the au.xiliary machinery is 
made amply largt^ enough. Two wash mills 
of th(^ size given would, under usual circum- 
stances, bo suflicient for tlie quantity of slurry 
rccpiirod, and the third is introduced purely as 
a reserve. One tube mill would bo almo.st 
sufficient for the quantity of slurry to be grountl. 
but another one has been introduced, so as to 
be on the safe side, and, as a rule, both work 
so as to ensure the greatest possible fineness of 
the slurry. 

For the same reason the coal mill plant is 
made larger tJuin a])pcars nec(‘ssary ; one tube 
mill should, under ordinary circumstances, be 
sufficient to produce the necessary quantify of 
coal dust, and the other one is jwactioally a 
stand-by. For the same reason all elevators 
and distributitig worms over the coal dust 
hoppers have been doubk'd, so that if anything 
happens to one, there will be another always 
ready to start at once. 

Power for the Plant. The plant is driven 
partly by a direct drive, and j)artly by electric 


The arrangement of the milling plant for 
grinding the clinker is of much the same natur(' as 
described before in the dry process plant. 

Composition of Portland Cement. 
Wc have already emphasised the importance 
of seeing that the ingredients, whether chalk, 
limestone, or clay, are in exactly tlie rigJit 
proportions. We must take every precaution 
to avoid leaving any free lime in the linished 
cement. Lime particU'S M^ould not readily 
slake, and the cement would be unsound ; 
on the other hand, the amount of lime pres(*nt 
sliould approximate as nearly as possible to 
the maximum amount allowed, and this limit is 
approached so closely in modt^rn ciunent-making 
that it rcMpiires only a very little variation in the 
proportions of the raw materials to raise the 
percentage of lime to a dangerous (‘xeess. Where 
lime is burnt in the old-fashioned kilns it 
bi'eornes mixed with a considerable amount of 
ash from the coal. This ash is essentially of a 
silieous nature, and as it (combines with some of 
the lime to form calcium silicate, we can in 
such cases allow rather more lime than tlie 
theoretical amount required by tlie clay. (_)n 
the other hand, in the rotary kilns a compara- 
tively small quantity of ash is mixed with the 
ingredients, rnueh of the tine dust being carried 
otT in the air blast, so that in this case the 
projiortion of lime is k(*pt down to the ordinary 
limit. 

Control Tests. We have explained how 
quantities of chalk, clay, or limestone are 
measured off on automatic maehines, but 
it is more usual in the Thames and Medway 
districts to use all chalk by measure and clay 
by weight. Chalk is delivered in trucks 
always of the same size* and 
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motor. Two sU‘am engines are used, of tlie 
same size and construction, each of tliem pro- 
vided with a dynamo to sujiply current to drive 
the rotary kilns and coal mill plant and pumjw 
by electric motors. Each of them is (mniiected 
with the main driving shaft which drives the 
wash mill plant. 

Either of the machines can be connected to 
the main driving shaft. The pumps can bo 
driven either by electric motors or direct from 
the main driving shaft. In this way every 
possible provision is made for working the rotary 
kilns uninterruptedly at all times. 

If any larger repairs aro necessary, they will, 
as a rule, be made by stopping the works once a 
year for a few days, and putting everything into 
thorough order. 


that the clay is best weighed in the trucks in 
which it is delivered, and by keeping count of 
(he number of trucks emptied into the mill the 
profxirtions can be easily regulated. 

The mixed materials should always be 
tested by a chemist before taking to th(i kilns. 
As the mixturo is stored in large reservoirs 
holding as much as 1,2()0 tons of slurry, any 
slight variations in the material tend to equalise 
themselves. 

In testing slurry the amount of carbonate of 
lime is estimated, and it is usually found that 
the slurry as it leaves the reservoir docs not 
vary to the extent of .J per cent. The amount of 
calcium carbonate is tested chemically by means 
of some form of calcimeter. The principle of 
this apparatus depends on the evolution of carbon 
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dioxide gas when calcium carbonate is treated 
with an acid. A certain quantity of the slurry is 
put into a closed vejsscl and treated with a small 
quantity of mineral acid sufficient to decompose 
all the chalk or limestone contained in it. The 
carbon dioxide gas given off is collected and 
measunxl. 

Chemistry of Cement Making. We 

have already explained that, under the action 
of the great heat developed in the kiln, certain 
substances known as silicates and aluminates 
of calcium are produced. We will trace briefly 
the formation of these substances. 

When the materials are fed into the kiln, 
any water still held is driven off. Of course, 
if we use wet slurry direct in a rotary kiln, the 
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are present in the finished cement. Mo"; of 
the work done in this direction we owe either to 
Le Chatelier or to two American chemists, 
S. B. and W. B. Newberry. The latter investi- 
gators succeeded in preparing definite aluminates 
and silicates of lime by fusing together alumina 
and lime and silica and lime in certain proportions. 
They nvestigatod the properties of the resultant 
compounds, and came to the conclusion thal 
lime could be combined with silica in the pro- 
portion of three molecules to one, giving a pro- 
duct of constant volume and good hardening 
properties, although the hardening was a ve.y 
slow process. If, however, they increased the 
proportion of lime to three and a half mole- 
cules as against one molecule of silica, tlio 
resultant product was 
■ ■■ ]' ij— ' " \ that is to 

'*■ cracked on 
" setting in water. They 

jv-j- 1 . A ’ 2' thus isolated the 

p jQ tri calcium silicate 

« (3CaO.SiO,) and 

^ P showed that it is 

H| capable of accounting 

‘rl 0 O ! *[-7 for the hardening of 

HL i Portland cement, 

t] g 0 Lime and Alu» 

~j Nj " ' mina. As for the 

41 ^ ^ i combination of lira 

Tfi" ^ alumina, they 

found that when 
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^ whole of the water it contains evapo- 
' rates during its passage down the kiln. 

' In either case the clay v/ithholds 
some water very tenaciously, and a tempera- 
ture of 600° C. is neces.sary to drive thi.s off 
completely. As the mass sinks into a hotter 
zone in the kiln, or passes further down 
the rotary kiln, the carbonate of calcium, 
whether of chalk or limestone, gradually loses 
its carbon dioxide and is converted into caustic 
lime before it reaches a temperature of 9(Xr C. 
After this, the lime begins to react with the 
clay, and certain fusible substances, traces 
of alkaline silicates and aluminates of calcium 
are produced. The melting of these substances 
helps to bring the remainder of the lime into con- 
tact with the silica. This results in the forma- 
tion of calcium silicate, which is the essential 
hardening constituent of the cement, but is not 
itself fusible in the kiln. The temperature is not 
uniformly high enough to fuse the whole masjj 
and render the reaction between the constituents 
eomplete, but should any free lime be there, 
there will certainly be the correct proportion of 
clay to react with it. There is no danger of 
free lime rendering the cement unsound, provided 
that it is not present in excess, and that the 
clinker has been thoroughly burnt. 

. Chemical Research. A great deal of 
research work has been done on cements with 
a view to* finding out in what way the elements 
which form the constituents are combined 
with one another, and what chemical substances 


mina. and strongly 1 I'atixl, a product 
biained which set rapidly — much more quickly 
than the tricalcium silicate. This substance v/o 
shall term dicalcium aluminato (2CaO . Al 203 >. 
As the volum(^ remains constant when gauged 
with water and allowed to set, its presence in 
Portland cerncmt would account for the rapid 
setting, and also partially for the subsequent 
hardening. On increasing the amount of lime 
to two and a half molecules to one of alumina, 
the product obtained was not sound. Hcnee 
they concluded that to obtain a satisfactory 
cement the quantities of the ingredients must 
be so chosen that for every molecule of 
silica there arc three molecules of lime, and 
for every molecule of alumina two molecules 
of lime, or, put otherwise, the percentage of 
lime should eipial the percentage of silica 
multiplied by 2' 8 -f- the percentage of alumina, 
multiplied by 1*1. This formula agrees pretty 
well with the results of analyses of numerous 
Portland cements manufactured in the ordinary 
way. The exact proportions used in practice 
depend on the method of manufacture, the 
purity of the clay, chalk or limestone deposits, 
and the care exorcised in bumingy and it is 
found that good cement will contain anything 
between 58 and 67 per cent, of lime. All 
cements contain a small quantity of oxide of 
iron, and it is a moot point whether this 
may or may not bo regarded as replacing 
some of the alumina. Soine authorities reckon 
the alumina after deducting the oxide cf 
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iron ; others neglect the latter in their 
calculations. 

Analysis of English Portland Cement. 

We give below an analysis of English Portland 
cement, made from chalk and clay : 

Silica (SiO.^) .. - 

Alumina (AloO;}) 

Oxide of Iron (Ke-.O-j) . . 

Lime(Ca()) * .. 

Magnesia (MgO) . . 

Soda and Potash (Na.,0. 

K.O) . . • “ . . 

Sulphuric anhyd r i dc ( SO .. ) 

Moisture and carbon di- 
oxide (HoO. (O.J .. 

Portland cements all the world 
over do not differ much in com- 
position. Besides the three chief 
constituents, lime, sili(ra, and 
alumina, there is always sonn^ 
oxide of iron, usually between 
2 and 5 per cent., a trace of 
magnesia, usually not exceeding 2 per cent., 
and traces of other substances. The sulphuric 
anhydride should not exceed 2 per cent. As 
sulphate of calcium is sonu'timcs added to 
prolong the time taken by the ccnuuit to set, 
and as its amount is usually limited by agree- 
ment to 2 per cent., the raw materials should 
be as free as possible from sulphates. 

Testing Cements by Chemical 
Analysis. Cements are very frequently 
analysed in the laboratory, to see if their com- 
})osition is within the limits found compatible 
with a good cement. Thus, if the lime be found 
to exceed t)7 ])('r cent., we should probably reject 
the consignment as ovcT-limed, or we shouhl 
be very suspicious as to its durability. The 
engineers’ specitications often fix a limit to the 
proportion of lime ; thus, for instance*, we might 
specify that the cement in question should 
contain at least 60 per cent, or not more than 
62 per cent, of lime, but in order that our 


22. MOULD FOR MAKTNO 
( EMENT BBIQUKTTE.S 


the reaction in the rotary kiln is more uniforni, 
and there are no unburnt or partially burnt 
lumps of clinker. It is, therefore, possible to 
work nearer the limit — that is to say, with a 
higluT percentage of lime than in the older 
process — with the result that a 
rather bettor class of material is 
produced. 

In the Laboratory. When 
the sample of cement comes to 
hand it is carcfidly preserved in 
an airtight bottle or tin, so that 
it cannot absorb anything from 
the atmosphere. If a chemical 
analysis is to be made, there are 
several modifications of the 
ordinary analyt ical methods which 
can be used to advantage. For 
most purposes it is sufficient to 
decompose a weighed quantity of 
the eement with hydrochloric acid, 
care being taken to sec that the 
cement is first very finely ground. If neces.sary, 
a .«mall quantity should bo re-ground in an agate 
mortar b(‘fore starting the analysis. After 
decomposing with hydrochloric acid, assisted by 
a few drops of nitric^ acid, the contents (.»f the 
basin in which the operation is carried out are 
evaporated to dryness and baked,” to render 
the silica insoluble. On adding hydrochloric acid, 
the silica separat(‘s out, and is filtered off and 
weighed in the usual manner [see Analytical 
( hiEJViiSTHY]. There remains in solution os 
chlorides the iron, aluminium, and ealeium. 
Excess of ammonium chloride and ammonia 
precipitates the iron and alumina together as 
hydroxides. For many purposes it is not 
necessary to se[)arate them, and it is sufficient 
to filter off the precipitate, ignite, and 
woigli it. 

Detailed Analysis. If the amount of 
iron and alumina be required separately, it 
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results may not mislead us, we must be careful 
to see that the sample is dry and has not been 
unduly exposed to air. The p(*rcontage of the 
ingredients changes a little if cement be spread 
out so as to expose a largo surface to the atmo- 
sphere ; this is owing to the absorption of small 
quantities of carbon dioxide, and moisture 
which reduces the apparent quantity of lime 
present. 

As the clinker manufactured by the rotary 
process is more free from ash, tlie percentage of 
lime is found somewhat higher than in clinker 
prepared in the stationary kilns. Moreover, 


is belter to determine the iron by itself in a 
fresh sample by some, other method, and 
deduct its weight from the weight of the 
iron and alumina taken together, which will 
give the quantity of alumina. Wc have now 
determined the proportion of all the chief 
constituents, with the exception of the lime, 
which we now have in solution. To estimat (5 
its amount, it is better to precipitate it in 
ammoniacal solution by adding an excess of 
ammonium oxalate, which deposits the lime as 
calcium oxalate. This is collected on a lilter 
paper, and washed thoroughly with hot water. 
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ft may be- estimated by a number of methods, 
for which we refer the reader* to Analytical 
Chemistry. It is often necessary to estimate 
the amount of sulphuric acid to sec if an excess 



of calcium sulphate or gypsum has been added to 
the cement. For this purf)ose we may take a 
liltered solution in hydrochloric acid of a fresh 
sample of e(‘iiient, and determine the sulphuric 
acid by precipitating as barium sulphate in the 
usual maimer. 

Results of Chemical Analysis. The 

percentage of lime is not always a guide to 
the soundness of the cement, as a thoroughlj 
burnt cement will stand a greater porecuitage ot 
lime than an imperfectly burnt one where the 
temperature has not been sufrieiently high to 
bring about complete combination of the 
lime and silica. It is not possible to deter- 
mine the amount of uneombined lime by 
ordinary chemical analysis, so that its [)r<*sence 
is only indirectly inferred by the behaviour 
of the cement under another test — viz., 
that for soundness— which we shall describe 
lat(M*. 

If, the raw materials are not thoroughly 
ground and intimately mixed there may be 
incomplete elKunieal combination, and eon- 
st'quently free lime in the cement, although the 
percentage shown by analysis is not higher than 
in an average good sample. 

The amount of alumina in cement may be 
anything between 5 and 10 per cent. As a 
rule the greater the proportion of alumina the 
(juicker the “ set,” and the setting may be so 
rapid as to render it useless for many purposes. 
Calcium alumina te has not the peculiar harden- 
ing qualities of the silicate, so it stands to reason 
that with too much alumina the strength of 
the cement will be reduced. 

All cements contain more or less iron, which 
is shown in the analysis as ferric oxide, although 
it exists in the cement in the ferrous state. 
The amount docs not usually exceed 5 per cent., 
and is not regarded as harmful if kept within 
this limit. 


Causes of Colour. The cement owes its 
grey colour to the iron it contains. If the 
cement were free from iron it would be white, 
so that, as in the ease of bricks, the colouring 
is brought about by the iron present, and will 
vary in intensity with the amount. 

As to magnesia, opinions seem to differ a 
good deal as to what percentage should bo 
allowed. Many of the natural rock cements 
contain very large proportions of magnesia, 
while, on the other hand, many people object 
to a Portland cement containing 2 or 3 per cent., 
or, at most, 5 per cent. It is generally con- 
sidered that the. presence of magnesia tends to 
cause the cement to crack. The amount of 
alkalies should be small. They probably do 
not play such an important part in the manu- 
facture of cement as was at one time generally 
supposed. Some cements made from alkali 
waste naturally contain large quantities, but a 
good sample of Portland cement should not 
contain more than 2 or 3 per cent. Usually it 
will be less than 1 per cent. We have already 
explained that gypsum is added in small quan- 
tities to get a slower setting eement, and that, 
in consequence, the amount of sulphuric acid is 
limited to 2 per cent. There seems to be no 
doubt that anything over 5 per cent, of calcium 
sulphate is injurious. 

Cements usually (‘ontain tracu's of carbonates. 
Of course, if then* is any (piantity present, it 
will point to an imperfectly burned cement ; 
but cements j)repared in this country are 
frequently exposed to air for a fortnight or so, 
in onler that any trace of frei^ lime may bo 
rendered harmU’Ss by taking iq) carbonic acid 
wit h the formation of calcium carbonate. The 
amount of carbonic a,cid absorboil in this 
manner will seldom exceed 1 per cent. 

Setting '• of Cement. We must empha- 
sise again the distinctions bctwc'cn the setting 
and the subsequent induration or hardening oi 
cement. The test is usually carried out by mixing 
a small quantity of the cement with only just 
siifiicient water to make it a uniform paste. 

The pat is mixed or “ gauged ” as quickly 
as possible, and thrown on to a glass plate, so 
that it forms a mass 2 or 3 in. wide and, say, 
J in. thick. It is then tested with a weighted 
needle applied to the surface every now and 
^ain, until it no longer makes an impression. 
TSio needle weighs 2J lb., and is provided with a 
square point, measuring inch each way [28 j. 
Although sufficient water must be taxen to 
produce a plastic mass, an excess of water must 
be avoided, as the time taken to set will in that 
case be much altered. 

Atmospheric Influence. The tempera- 
ture and humidity of the surrounding atmo- 
sphere influences considerably the rate of 
‘‘ set.” These conditions should be kept as 
constant as possible. A good t<3mperaiiiro to 
take is that of F., or 15° C., which is 
the ordinary temperature of the laboratory. 
The atmosphere snould be moist, so that the 
water does not evaporate from the pat while it 
is setting. This is a point of much importance 
in slow-setting cements, which may take an 
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hour or more to set, and the pats should be a 
covered over Ui prevent evaporation. 

With^e increasing degree of fineness to which 
cemenj^^re nowadays ground, manufacturers 
have had some difficulty in producing a quality 
that would not set too fast. It has been known 


for a long time that when ground 
cement has been expose<l to tlui 
atmosphere in ^ 

thin layers it ^ 

takes longer ~ 

to set. The ^ 

Americans, who were ^ 

among the first to use V 
the rotary process on 
a large scale, found 
that they could get a 
slower setting cement j 

by wetting the clinker 1 

as it came from the 
clinker cooler. Nowa- 
days, this is invariably 25. bati ey 
effected by passing cemkn 
steam into the tube 


BATI EY AND UEID'S 
CEMENT TESTER 


mill used for grinding the (linker. It is found 
that by carefully regulating the quantity of 
steam admitted the rate of “ set ” can be very 


efficiently controlled. 

How Fine is Cement Ground ? Not 

very many years ago manufac^turers \v(u*o 
content to produce cciucrit sulliciently finely 
ground not to leave more than 15 per cent, 
residue on a 50- mesh sie\"e. Nowadays a 
residue not exceeding 15 per cent, on a 180-mesh 
sieve is the usual standard. When we speak of 
a 50-mesh sieve, we mean one in whitdi you may 
count 50 wires to the lineal inch, and as tluTc 
will be another 50 wires crossing these to make 
one square inch of the wire gauze, then* will bo 
50 X 50, or 2500 holes altogether in t he sq. in. 

The same considerations apply to 75, 100, and 
180-mosh sieves, which are those usually used 


for testing cement. 

The Mesh of the Sieve. Now, the size 
of the hole in a sieve of any particular mesh 
will depend upon the thickness of the wire. 
The thicker tho wire, naturally the smaller 
the holes, so that it is important to use a 
standard wire in making these si<5ves. It is so 
arranged that whatever be the mesh of the 
sieve, tho diameter of the wire shall bo. just 
equal to half the space between the wires. Thus, 
taking, say, a 100-inosh sieve with 10,000 holes, 
the space in one lineal inch will occupy two- 
thirds of an inch, and tho 100 wires, if placed 
together, will occupy one-third of an inch, so 
that the diameter of tho wire in a lOO-mesh 


sieve will be inch. 

Bam her gives the following figures, for the 
fineness of cement in ordinary practice : 

Me.sh. Residue left in sieve. 

50 (2,500 per sq. in.) Trace per cent r€;sidiie. 

76 (5,776 „ „ ) 1 to 2 „ 

100 (10,000 „ ,, ) 3 to 5 ,, ff 

ISO (32,400 .. .. ) 15 to 2a „ 

When testing cement in this manner it is usual 
to take 100 grammes of the cement and to weigh 
what remains on the sieve, and not that which 


passes through, as some of the latU'r, being 
ground to the finest dust, would be lost. 

Specific Gravity of Cement. This test 
is useful in detecting some adulterants. It is 
found that the specific gravity varies little from 
the figure 3*125, and should it differ from this, 
you may suspect the addition of some inert 
material. As examples of such adulterants, we 
may mention a rock known as “ Kentish rag,’ 
which is not unlike cement itself in appearance, 
but has a much lower specific gravity. It used 
to be regularly added to cement — in fact, some 
people asserted that cement was thereby im- 
proved. This view is now generally discredited. 
Ciround blast furnace slag is another adulterant 
which closely resembles Portland cement, both 
in colour and chemical composition. 

Density and Quality. Imperfectly or 
under-burned cement will be lighter and have 
a lt)wcr specific gravity than properly burned 
material. The test is usually performed in a 
specially designed bottle, with a graduated 
neck, and depends upon the principle that equal 
weights of bodies of different specific gravity 
occupy different volumes. The bottle, which 
holds 50 to 60 ce., is filled with dry turpen- 
tine to a given point marked on the nock. 
A weighed quantity of cement is then added. 
The voluriK^ of turpentine displaced by the 
cement will be apparent by tho extra volume 
occupied by the turpentine in the graduated 
bottle. Two precautions must be observed in 
making this test : tirst, care must bo taken to 
see that no air bubbles hang to the particles of 
cement, Imt that they are thoroughly “ wetted ” 
by the tuiqieniine ; secondly, turpentine (VJpands 
a good deal with rise of temperature, so that the 
temperature must not be allow’cd to vary during 
tho exiieriment. It is best to immerse the bottle 
and the turpentine in water, at, say, 60“ F., 
until tho turpentine attains exactly the same 
temperature as the surrounding water. 

After adding the cement to the bottle, it is 
again immersed in the same water long enough 
to enable the temperature to become constant 
before the next reading is taken. 

Testing the Strength of Cement.. As 

cement is usually employetl in admixtun^ 
w'itli sand in Ihe form of mortar or concrete, it 
is usual to test the strength not only of tho neat 
cement-, but of (jement mixed with three parts 
of sand. \Vc may either determine the power 
reijuired to eiiish a block by compressiiig it, or 
break it by pulling it in two. Although the 
former method corresponds better to the con- 
ditions to which (;ement is exposed in practice, 
it is a more difficult operation to carry out than 
the latter method— testing tensile strength— so 
that most of the testing machines and tho 
eeinent specifications are based on, and apply to, 
thi^ tensile strength. For this purpose, a 
w^eighed quantity of cement is gauged with as 
small a (luaniity of water as possible, and filled 
into a mould shaped in outline somewhat like 
a dumb-bell [22]. The mould is first slightly 
greased to prevent tho cement from sticking as 
it sets. A number of moulds are similarly filled 
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Up with cement, for which it is better to gauge 
each lot of material separately. The moulds arc 
made of definite size and di nn'iisions, so as to 
give uniform results. 

When set, the “ briquettes” are taken out of 
the moulds and tested under different conditions. 
A special sand from Leighton Buzzard is used 
for making mixtures Avith cement, or else crushed 
((uartz, and of such a degree of fineness that the 
whole will ]>as.s through 
a 20- mesh sieve and be 
retained by a 30- mesh 
sieve. 

The Testing 
Machines. When the 
briquettes have set they 
are immersed in water 
for 24 hours before 
t esl i ng. O t h e r s are 
kept seven days and 
longer. It is usual to 
have several briquettes 
and lest them regularly 
at different intervals. 

Although the narr'ouest 
part of the bri(|uette is 
frequently only 1 in. 
across, the ])Ower rev 
q Hired to break such a 
brkpietto is considerable. 

The instrument used is 
made up of either a 
single lever or a (!Om hi na - 
t ion of lovers. The bhxik 
is held between clips 
[24], and by moans of a 
double lever great force 
is applied. It is essential that the power be 
applied regularly, and this is done bv running 
either water or small shot at a regular rate into 
a pan hanging at the end of the second lever. 
By an automatic arrangement, not shown in 24, 
the supply of shot is cut off directly the briquette 
breaks. The can full of shot is then taken to 
a balarujo and weighed. By multiplying this 
weight by the ratios for the leverage we obtain 
the power required to break the briquette under 
examination. A good, average sample of cement 
will give figures somewhat as follows : 



26. AITARATUS FOR 
LK ('HATKLIKR TEST 



Fig. 25 shows Bailey & Reid’s machine for 
testing the tensile strength of cement. It is 
built with one lever AB instead of two, and 
tho strain ‘is applied by running water from the 
small cistern C into the long graduated can BE. 
In this manner the strain is increased gradually 
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and in a voiy regular manner without any 
vibration. When the briquette shown at H 
breaks, and the end B of tho lever begins to 
sink, the supply of water to the can is cut oil 
automatically at K by the attachment or 
instrument it is simply 
iKKJOssary to note tho height of water in tho 
can BE, for wliioh purpose it is fitted with a 
gauge-glass and graduated. 

Is the Cement Sound ? We come now, 
lastly, to perhaps the most ii^iportant tost of all 
— tlie test for soundness. 

The tensile strength may be exceedingly high, 
but, unless sound, the cement is worthless. It 
often takes some lime for cement which is un- 
.sound to develop suspicious indications, and tho 
tests for soundness are often (lesigned uitli a 
vicAV to producing ariilieially the effect of age. 
Some cements raj>idly develop faulty (|ualities, 
and the simplest test is to immerse the pat in 
wa((‘r for 24 hours as soon as it is thoroughly set, 
while leaving a similar pat exposed to the air. 
Both pats are carefully examined from time to 
time to see if there are any indications of cracking 
due to exj)ansion of tlu? mass after it has onco 
sol. If the cement will not stand Ibis simple 
test it is to be condemrit'd unhesitatingly. On 
the other hand, tlun’e are certain appearaneea 
which occasionally mislead. Thus, should some 
of tho wat('r evaporate before the cenauit sots, 
which may easily hap})ou with a slow-s^‘tting 
cement, the pat may show certain eontraclioii 
cracks although the cement is j)eifcctly sound, 
so tliat in examining slow-setting cements care 
must taken to prevent the moisture evapo- 
rating before tho et'inent basset, by keejung tho 
pats under a cover. 

Exacting Tests. It is usual to a])ply more 
stringent tests for soundness. There arc many 
mod iticat ions of the method applied, but in 
prineijde it (jonsists in placing in water the ]iats, 
which have been given time to set, and gradually 
heating iij) the water. '^Phis wall bring out in a 
jironounc^ed manner 
any tendency to 
crack, as any free 
lime is far more 
raj)idly slaked under 
those conditions. 

Wlien a very strin 
gent test isrequireil, 
the actual cx2)ansioii 
in w'arin water may 
bo measured by 
Lc (3iatelier’s appa- 
ratus [26J. This eon- 
27. STANDARD BRIQUETTE sists of a Small cylin- 
FOR TESTING of biass split 

down the middle so 
as to elastic. Sufficient cement is “ gauged ” to 
fill the cylinder, which stands upright on a glass 
plate. It is covered with another glass plate, 
and left 24 hours to itself. Each side of the 
split cylintler is provided with a long pointer, 
and the cylinder containing the cement, which 
has now had time to set, is placed in water at a 
temperature of about 60° F., and left for 24 
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hours. The distance between the indicator 
points is carefully noted. The water is then 
gradually hcaletl until it boils, and is kept 
boiling for six hours. After cooling, the distance' 
between the indicator points is again measured ; 
and if any expansion has taken place it will be 
immediately apparent. Cement ca})able of 
standing this stringent tost may bo consitlered 
I)erfeetly satisfactory, and even cements which 
show slight expansion under these conditions 
are often gO(xl enoygh for most purposes. 

Standard Quality. The hlngincering 
Standards Committee issued in 1904 a Standarcl 
Specification for l^ortland (k*ment. This report 
was revised in August, 1910. As t lie conditions 
laid down by the committee are of paramount 
importance, both to cement makers and cement 
usei‘.s, we give, by permission, some (plot at ions 
from this 
Standard 
Specification 
bearing o n 
the i m p o r- 
tant points. 

All those who 
ar(! interested 
in the matter 
are advised 
to purchase a 
copy of 1 he 
report, which 
may be ob- 
tained from 
the offices of 
the (Commit- 
tee, 28, Vic- 
toria Street, 

London, S.W. 

“ No addi- 
tion of any 
material shall 
be mad(3 aft er 
b u r n i n g, 

other than 

calcium sul' 28. vrcAT npucdle for ascertain- 
phato or ino settino-time of cement 

water, or Uv courtesy of tiu; Jinuineering .StamUnls 
both, and Comiuittee 

then only if desired by the vendor and not 
prohibited in writing by the purdia.scr.'’ Tlu^ 
amount of water or calcium .sulphate allowed is 
2 per cent. Sj>ecial precautions are to be takiui 
with regard to the samide, yo as to obtain a- 
rcpresontal ive portion of the whok\ “When 
more than 250 tons of cement, is to be sampled 
at one time, separate sample.-; shall be taken 
from each 250 tons, or part tln^reof.” 

Fineness of Grinding. The cement is to be 
ground so as to comply with the following degrees 
of firmness — namely, the residue on a sieve 
180 X 180— 32,4(X) meshes per sq. in. shall not 
exceed 18 per cent., and the rt^pidiie on a sieve 
76 X 76—5770 meshes per sq. in. shall not 
exceed 3 per cent. 

The sieves shall be prepared from standard 
wire, and the size of the wire for the 5776 mesh 
shall be •(X)44 in.; and for tho 32,400 mesh 
*002 in. The wire shall be woven (not twilled). 



The specific gravity of the cement, when fivsh 
burnt and ground, .shall be not lc.<«s than 3.15 
Avhen sampled at the works, or 3*10 pro\ ided 
that the vendor satisfies the pundiaser that the 
cement has been ground for not lets than four 
weeks. Tht; proportion of lime to silica and 
alumina sliall not be greater than 2*85 or less 
than 2*0 (calculated in chemical e([uiva!ents). 

nqiresentod by ; r 2*S.> The por- 

SiO.^ H Al.^ ();i * 

centage of insolubles residue, it is st.atod, should 
not cx(;eed 1*5 percent., tlie inagm^sia should not 
exceed 3 per cent., and the sulphuric anhydride 
2*75 per cent. 

Exact details are given for the preparation of 
the briquette for testing tensile strength. 

Tho bri(jiiette, some of tho dimensions of 
which are given in P’ig. 27, is to he placed “ in a 
damp atmosphere for 24 hour.s after gauging,'’ 
after which it is to remain in fresh water until 
recpiired for breaking ; the lemjieraturo of the 
wat<.‘r to he maintained Ixdween 58‘’ and 04’ F., 
and the water to be renewed every 7 days. 

The average hrtiaking stre.s.s of tho briquettes 
iiuuk'i fnjiu neat cement 7 days after gauging 
must not bo le.ss than 400 lb. 2 )cr S(j, in. of s('ction. 

The average breaking stre.ss of the hriijuettes 
28 day.s after gauging must show an increa.se on 
the lm*akiug slrti.-s at 7 days aften* gauging of 
not loss than ; 

Testing 
Sand and 
Cement. The 
cement sliall be 
te.'-ted by siib- 
m i 1 1 i n g to a 
Unrsile stress 
britjuettes pro- 

paivd from one ]>arl by wei^dU oi (‘enuMit to 
three part.s by weight of dry J-tandard sand, thc^ 
said briquettes being of the shape described 
for the neat cement tests. 

Tlie average bivaking stress of the cement and 
sand bn(iue(tes 7 days after ganging must be not 
les.s than 150 lb. ])er scj. in. of svetion. 

Tho average bn*aking slre.^s of (lie bri(jiie(tes 
28 days after gauging must be not less than 
250 Ib. per S(|. in. of section, and tho increaso in 
the breaking st ress from 7 to 28 days not k‘.‘^s than : 

(^11 id, me- 
dium, and slow" 
stdfing eements 
are defined be- 
k)w. The needle 
for testing the 
sid of the ce- 
ment [28J, and 
also the L(i Chatelier method of testing for 
.^(jundness [26], both already referred to, are the 
standard machines adopted by the British 
Standard Specifical ion. 


bn‘.:iki 
hi re. 

Wlu*n 
7-diiy tfst 
is abovt* 

.\iul not 
abo\M5 

2'! plT t 

400 Ib. 

l.'iO Ib. 

20 

■l.’»o 

r.oo 

1 ."i 

.'.00 .. 

‘..'.O . 

10 

.mO .. 

000 .. 


000 .. 



Increaso of 

When 

.Vntl iv't 
abr)ve 

breaking 

7-<lay te.si 

ht ress 

is abo\e 

2.'» per cent, j 

200 Ib. j 

2r)0 1!> 

l.’i 1 

2.'.0 .. 1 

:io(» .. 

10 ,, 

:ioo i 

350 , 

ri .. 

:i.V) .. i 
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Carnivorous and Ve!C(etarian Birds. Hoppers, Walkers, Runners, 
and Climbers. Organs of Flight. Swimming and Diving Birds. 

FEEDING AND MOVEMENT OF BIRDS 


Birds of Prey. falcons, hawks, 

harriers, buzzards, and the like am adapted 
for the iTursiiit of prey not only by possession of 
strong, hookwl beaks, powerful talons, and keen 
powers of vision," but also by the swiftness 
of their flight. Many of them — for e:xam]d(% 
falcons— are able to poise themselves, apparcMilly 
motionless, in th(? air till some such prey as a 
young rabbit or small bird is discovtTed, ami 
then swoop down upon the victim with almost 
incredible rapidity. 

Carrion Baters. The earrioii - feeding 
vultures are able to detect dead aniinal.s from 
very con-sidorablo distances by means of their 
keen sight, and are extremely gluttonous. The 
little Egyptian vulture {Neophron percvnjitervs) 
of North Africa., India, and part of Europe is saiil 
to devote its attention to the bones of carcases 
which have been jiieked clean by other carrion 
eaters. In Spain it is known as tlie“(juelminta- 
huesos” (bone- smasher), because it breaks bones 
by carrying them to a height in the air and let ting 
them fall on rocks, A similar habit, is attributed 
to the bearded vulture, or iatnmergeier ((Ujpadd.'f 
harbatus), and possibly tortoises may be cracked 
in the same rough-aiul-reacly manner. 

The Snake's Foe. Tlu* curious African 
secretary bird (Serpen tori us seerdarius) is a long- 
legged form which pursues all sorts of small 
animals on the ground, and is particularly 
partial to snaki's. The reptile is assailed with 
siinultaiicouH blows from legs and wings, the 
latter also serving as a shield. In South Africa 
the bird is Often tamcil, rendering valuable 
service by the war it wages upon }ioisonous F(‘r- 
pents. Owls avoid eoin])el ition with the ordinary 
birds of inoy by feeding at dusk and dark. mk Ii 
simiil creatures as rats and mice bulking largely 
in their diet. 

Insect-eaters. The tribe of insects supi»I,ie.s 
many birds with food. Swifts, swallows, and 
martins hawk for them on the wing during the 
day, and nightjars pursue them in the gloaming. 
Tits, creepers, nut-liatche.s, and the like hunt 
them on trees, where also they arc expostnl to 
attacks from the powerful beaks of wooilpeckers. 
Caterpillars are eagerly sought out by many 
small birds; and those* which arc too well pro- 
lectod by bristles ti> suit ordiiuuy digestions 
; 1C acceptable to the cuckoo. The grubs aiul 
pupae of insects which live in the soil are probed 
for by many strong- billed birds, and insects 
in all stages inhabiting fresh water are by no 
means free from the ravages of w^agtails and 
^nany other feathered enemies. 

Fish Feeders. Fishes, again, are a very 
favourite kind of food with numerous birds. Sea- 
eagles and ospreys live mostly upon them, and 


the same is Iriie of large number.s of aipiatic 
forms. In average cases the beak of a fisfi- 
eater is elongated and lapiaing, often W'ith a bent 
or hooked tip, as seen in the black cormorant, 
wdiu‘h fishes along thti coast. Gulls and their 
allies go farthiT from the land, and the albatross 
aiTeets the open ocean. Nor are fresh-water fishes 
free from foes. Long-legged wiwlers, such as 
herons, angle for them in the. shallow's, and king- 
fishers ])Ounc(^ down upon Ihtan from branelu*s 
overhanging streams. 

Some birds, such as the div^ers. arc able to pur- 
!siu‘- their finny prey a great or Jess distance under 
water, and this habit is carried to an extreme in 
the penguins, the wings of which have b(*en 
converted into efficient paddles. 

Worm-eaters* Worms of all sorts figure 
in the dietary of a host of birds, some, of Aviiieh 
possess long beaks adapted to probe for them 
m the earth, as well seen in the woodc^ock. The 
saints is true of the kiwi of New*^ Ztuilan<l, and 
here the nostrils aie at the <‘nd of the long beak 
instead of at its base, this Isang ajipareiitly an 
arraiigernent for smelling out the wriggling prey. 

Shell-fish of various kind are also used as food 
by a tinmber of birds. Gulls ravage cockle-beds, 
and the oyster-catcher, or sea-pie (Hnmatoputt 
ostrnle^M'<)^ hunts for molluscs (and crustaceans) 
on the shor(‘. The snails and slugs of the land 
and the snails of fresh wnter receive many atten- 
tions at the beaks of their enemies, and the 
thrush has learnt the ait of cracking the hard 
shells of snails on some suitable, stone, to whicli 
it returns again and again with fresh victims. 

The broad bills of ducks and swans, whitdi are 
adapted for feeding upon small worms and snails 
contained in mud. have extremely sensitive edges, 
ami also a number of transverse ridges that serve 
as a sort of strainer. In gee.se the.se ridges an* 
of use for cutting through herbage, while the 
mergansers find them helpful in S(.‘ciiring lish. 

In birds which allett a mixed diet, or feed 
on soft vc'gelabk* food, the beak is commonly 
a moderately long cone. Seed-eating birds, such 
as finches, possess short, strong, conical beaks. 

Digestive Organs. As an e.xample of 
the internal dig(‘.stive arrangements in birds 
which swallow a good deal of hard fotxi, Ave may 
conveniently take the domestic ])igcon. Hen^ 
(he gullet is sw'olleii into a largo crop, the inllation 
of which gives such a petmliar appearance to a 
pouter. It is used for temporary storage, and 
passt»s into a soinoAvliat oval, chemical stomach, 
from the lining of which the gastric juice is 
poured out. Th(‘n follow'.s a rounded gizzard or 
im*ehanical stomach, with extremely thick, 
muscular w^alls and a tough lining. This organ 
makes up for the absence of teeth, for it rhyth- 
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mically contracts and dilates, thus bringing 
pressure to bear upon the food contained within 
it. Small stones and other hard objects are 
constantly being swallowed, which pass into the 
gizzard, there to play the part of millstones. 

Hopping.Walking, and Running Birds. 

Adaptation to flight has profoundly affected 
the structure of birds in a large number of 
Avays, soiuo of which may be gathered from the 
appended illustration of the skeleton of a fowl. 
Of coiime, most of these peculiarities are still 
})ossossed by birds, such as osf riches, which have 
lost the i)OWcr of flight. The somewhat boat- 
shaped body is supported by a strong, bony 
framework, which allows of but little movement 
from side to side, largely 
because the joints of 
the backbone are here 
for the most part, closely 
fused together. The 
ineonvenienee of this 
arrangement is compen- 
sated for by the fac.t that 
the nock is long and V(‘ry 
flexible, as must have 
been observed by anyone 
who has taken t he ( rouble 
to watch a living bird. 

Some of t he joints of the 
short tail are free, but 
those at the end have 
fused into a ploughshare 
bone for the support of 
the quill feathers of that 
region. 

The Limbs. The 

breast bone (s t e r n u m ) 
possesses a large, jjro- 
jecting keel to which the 
muscles of flight are 
attached. The shoulder- 
girdle, to which the wing 
is jointed on, consists of 
three bones, one of which 
is fhe collar-bone (clavi- 
cle), united with its fellow 
’ to make up the familiar 
meriy tho u ht , w h i e h 
serves as a spring to keep 
the wings well apart. In 
the wing itself there are 
but three digits, tlic fourth and fifth fingers 
having disappeared. 

Owing to the conversion of the fore-limbs 
into wings, the hind-liTnbs arc set on far forward, 
so that the body may balance proi)erly upon 
them. And, for their support, there are very 
long hip-bones united to a region of the back- 
bone (sa(U’nm) composed of a number of its 
joints fused together. In order to further rapid 
progression when on the ground, the legs are 
fairly long, and this has been brought about much 
in the same way as in ruminant mammals. 
Begitming at the upjxjr end, there is a rather 
short thigh-bone (humerus), follow^od by a long 
shin-bone, an elongated shank- bone — compar- 
able to'the cannon-bone of a ruminant — and four 
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toes. The little toe has been lost. It will bo 
i^en that the bird wa^ks on its toes — that is, is 
digitigrade, just like a hoofed animal. 

The ankle is therefore raised off the ground, 
and corresponds in position to the junction 
hjptwecn shin-bone and shank-bone. No little, 
irregular ankle- boiK's are to be seen here, how- 
ever, for in the interest of firmness half pf them 
have united with the lower end of the shin-bone, 
and half with the upper end of the shank-bone. 
The instep- bones of the second, third, and fourth 
toes are fused, to make up most of the latter. 

Methods of Progression. Most small 
birds hop; some, like the jackdaw, both hop and 
walk, while others, such as game-birds, waders, 
and rooks, walk. In the 
flightless iTuning birds, 
some of wiiieh vie with 
fhe tleetefit mammals in 
speed, not only arc the 
legs of great length, but 
we find i n s t a n c e s of 
reiluction in the number 
of toes, already remarked 
among such forms as 
ruminants. The Ameri- 
can ostrich has only throe 
tO(^s, and the African 
ostrich but two, of which 
the inner one (third) is 
much larger than t ho 
o t h c r (fourth). T h e 
absence of a keel to the 
breast - bone is also a 
noticeable feature. 

Climbing Birds. 
In many ea!-H?s the foot 
of a [)erching bird is a 
grasping organ of sutFi- 
cient }>ow er to bo used in 
climbing without any 
St met ural modi fi oat ion. 
'riic sharp chuvs naturally 
f)lay an important ])art 
here. Tits and nut - 
hat dies run up and down 
the trunks and branches 
of tr(‘es with c(|iml 
facility. The writer has 
seen a nut -hat eh alight 
on the surface of a j)las- 
tered wall, holding on to the slightest irregu- 
larities, and maintaining itself in the same 
position — head downward — for some time, 
without any apparent effort. When climbing 
upward, tho short, strong tail of the nut-hatch 
can be used as a prop, and the Stame is true 
in a greater degree of the tree- creeper (Certlmi 
familiaris), which, when searching for food, 
regularly begins .at the bottom of a wall or tree, 
and gradually works its w^ay upward. 

In w^oodpeckers and parrots, the fourth as w^ell 
as the first toe is turned backward, thus consti- 
tuting a specialised climbing foot. Some of the 
woodpeckers have gone further, and have become 
three-toed by loss of the first digit, while tho 
fourth has* become correspondingly efficient. 
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Tho hooked beak of a parrot is as useful in 
climbing as in feeding. 

Flight of Birds. Some of tho sjjecial 
points in the struct uro of birds having relation 
to flight have already been mentioned, but there 
are still others which demand consideration. 
The specitic gravity of the body is less than in 
mammals, partly owing to the light and spongy 
nature of the bones, many of wliich contain air- 
spacfis. There are also a number of membranous 
air-saos in connection with tho lungs, by wliich 
t he same end is furthered. But, in spite of all t his. 
flying involves the expenditure of a vast amount 
of energy, in correspondence with which we find 
that tho circulatory and respiratewy organs of 
birds are of extreme efficiency. 

The Nature of Feathers. Tho surface 
brought to bear against the air in flight is 
not a membrane, as in bats, but that ofTerod 
by the (piill-feathers of tho wings, which 
together form an area of very largo extent in 
])ro port ion to tho bulk of tho bird. These 
feathers present the necessary combination of 
lightness and strengt h, 
together with the 
requisite flexibility. 

Examining one of 
th(‘m attentively, we 
shall see that tho 
hollow quill at tho 
base is continued as 
the axis of an expanded 
vane, the numerous 
side branches of which 
(barbs) adhere closely 
together. Tho reason 
of this becomes ap- 
parent on looking at 
some barbs under the 
microseope, for those 
will be found to bear 
still smaller branches 
(barbules), beset M'ith 
interlocking hooks. It 
is the absence of those 
which causes the plumes of an ostrich or emu 
to be of such loose texture. 

Attachment of Wings. While in a bat 
the Jingers are much elongatcil to support the 
Hying membrane, the opposite is true of a bird, 
in which a firm support is required for tho 
w ing quills, sometimes called the rowing feathers 
(remiges). In the structure of the wing we 
notice a .short, strong, upper-arm bone (humerus), 
which is succeeded by the two supports of the 
forearm (radius and ulna), of which one (ulna) 
bears what are known as tho secondary quills. 
There is a good deal of fusion in the bones of tho 
hand, wdiieh consists of only three digits. Ono 
of these, tho thumb, bears a tuft of feathers 
known as the bastard W’ing, wffiich probably helps 
in tho execution of turning movements, while 
the two othens support the primary quills. 

The moGhanics of flight is a difficult matter, 
and can only be treated quite briefly here. Tho 
motive power for the cffocitive down-stroke of 
the wings is supplied by very large muscles, 
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which make up most of the flesh of the 
breast. Hero, too, . are situated the weaker 
muscles which raise tho wings, their tendons 
passing over a sort of pulley to be attached to 
the upper side of tho bone of the upper arm. 
The wing is pulled down with its under surface 
sloping upward and backward, and part of 
the force expended .goes to support the bird in 
the air ; the other part to propel it forward. 

During the downward stro.ke the wing quills 
are so pressed together as to offer a conlinuoiis 
surface, but, when tho wing is raised, air is 
allowed to pass between them, so as to enable 
the movement to bo executed with as little 
exiiendituro of energy as possible. 

The radiating quills attached to the stumpy 
tail are known as the steering feathers {reclrkcn), 
on account of tho function they ijcrform. By 
moan.s of appropr iate inuscles, they can bo moved 
in various ways so as to direct the course of 
flight, whether straight forward, obliquely 
upward, or otherw ise. A bird can use its wings 
as a parachute for the purposes of gliding in 
varioii.s diret lions. the 
simplest case being 
that of (Icscimt. The 
end of an unsuccessful 
sw oop in a biril of jn ey . 
or a corresponding 
downward movement 
in other forms, can 
be converted into an 
upw'arcl glide, much 
in the case of tho para- 
(iiuting movemimts 
already described for 
“flying” squirrels. 
Some birds, such as 
vultures, eagles, and 
crows, are able to sail 
or soai' upward to all 
appearance without 
moving their wings, 
dc^sciihing spirals as 
they do so. An im- 
inonse height is sometimes attained. 

Swimming and Diving Birds. The fci'f 
of many aquatic birds are converted into cfTeetive 
paddles by the thwelopmenl of a strong web 
between the toes. This may bo seen in a duek 
or a gull, where the three front toes are so 
connected, and still better in a cormorant, wliere 
all four toes are united by w^ebs. In grebes the 
same purpose is aiiswercxl to some extent by 
lobed men^ranous margins to the individual toes. 
When thflb swimming feet are moved foiward. 
they fold .up, so as to present as little resistance 
to the w ater as possible. With increasing <‘flici- 
eiiey in sw'i mining powers the legs are shifted 
further and further back, w hich diminishes their 
efliciency as walking organs. This peculiarity 
reaches its extreme limit in the penguins, wdiich are 
more at homo in the water than anywhere else. 
Here, too, the wings are of no use for flight, but 
are converted into elf ective propellers, moved w ith 
a screw-like action, and covered by scalc-Uke 
feathers. J. R. AINSWORTH-DAVIS 
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F, primary quills; 0, socumlary quills. 
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The Electric Arc. Distribution of Light. Inverted, Enclosed, 
and Alternating Current Arcs. Arc Lamp Mechanisms. 


ARC LAMPS 


O NE of the first fruits of Volta’s invention 
of the pile for generating continuous 
currents, in 18(M), was Davy’s discovery of the 
arc. He experimented on the spark that is 
produced between the ends of two wires through 
which the current from a pile, or battery of cells, 
is flowing when the wires are suddenly parted 
from one another, and observed that the spark 
produced between two pieces of boxwood charcoal 
is brighter than that between the tips of two 
metallic wires. Using more powerful batteries, 
he found that if the tips of the two pieces of 
charcoal are not withdrawn too far apart., 
the spark becomes a }jersistent flame. In his 
experiments the two pieces of charcoal were 
held horizontally, and the flame so produ(^etl 
formed an aren between them, being drawn 
upward by the ascending air. This electric 
flame he called the. arc. If produced thus with 
wood charcoal, the material disintegrates into the 
flame, which becomes itself extremely brilliant, 
though unsteady. LVing a battery of several 
hundred cells, he was able to draw out the arc to 
the length of several inches [189J. 

Forty years later, Foucault substituted for 
wood charcoal pencils of hard graphitic carbon 
of the kind which is found encrusting gas retorts, 
and which is used in making carbon plates for 
batteries. If this substance bo ground U}) to 
powder, purified, mix(‘d with a small ({uantity 
of tar to bind it together, compressetl by 
hydraulic pressure into rods, and baked in closed 
crucibles at a bright -red heat., the resulting 
pencils are hard and graphitic, and condimt 
well. A rod 0*5 in. in diameter has a resistance 
of about ohm per foot. Such j)encila, of 
different sizes according to the current to be 
carried, are used in arc lamps. 

Arcs of Various Kinds. In modern 
arc lamps The carbons are seldom disposed 
horizontally, as in Davy's arc, though this 
arrangement is still used in some forms of search- 
lights at sea. The several arrangements in 
general use are : 

Vertical arcs ; inverted arcs ; enclosed arcs ; 
aUernate-curreni arcs ; flame arcs. 

By far the most useful of these is the vertical 
arc supplied with a continuous current. The 
carbons stand vertically over one another, 
separated by about ^ in., and the current flows 
downward, the positive carbon being above 
and thd^ negative carbon below, ft will bo 
convenient to state the properties of this kind of 
arc first before we discuss the other forms. 

Properties of the Arc. Suppose a carbon 
rod 0*7 in. in diameter to be held vertically 
in a convenient holder so that it can be moved 
up and down and clamped at any point. Below 
it let there bo placed in a lino with it another 


slightly thinner carl)on rod, say 0*475 in. in 
diameter. Let the upper one be joined to the 
positive main, and the lower one to the negative 
main. The voltage of these mains should be 
not less than 60 nor more than 100 volts, and a 
set of adjuj-table resistance wires should be 
inserted in the circuit to regidate the amount 
of current. Suppose, now, the tips of the two 
carbons be made slowly to approach toward one 
another, it will be found that notliing happens 
unless they are actually brought into contact. 
Even when the air gap between them is no 
thicker than a visiting-card, the arc will not 
start of itself. To strike the arc, the carbons 
must be brought for an instant into actual 
contact, and then drawn back till they are 
separated by alH)ut J in. At once the light 
flashes out as the arc forms itself, resembling 
the picture in 190. 

On examining the arc through dark glasse>4 
— to prevent injury to the eyes — or by projecting 
an image of it on the wall with a lens, several 
j)oint.s will be noticed. The flame itself gives 
almost no light, and consists of an inner core 
of pale violet colour, surrounded by an outer 
envelope of a greener tint. A dazzling white 
light is given out from the bottom end of tlio 
U])per carbon, and a less amount from the toj) 
end of tlie lower carbon. Tn fact, the source of 
the light is llu^ surfaces of the M’hite-hot tips of 
the carbon rods. Tliese gradually burn away and 
assume the shapes shown in the figure. The 
positive carbon assumes the form of a cone 
trum;attM:l at the bottom. The conical ])art 
glows red-hot, but the bottom surface, which is 
hollowed to a sort of crater, glows white-hot. 
The negative carbon is also coned, ami acquires 
a projecting peak, the tip of which is white-hot. 
Nearly all the light comes from the positive 
crater, and therefore the main light of the arc 
is thrown downward. The temperature of 
the crater is about 35(Xf^C. ; that of the negative 
peak about 2700'^ C’. 

Instability of the Arc.. The arc, being 
a flame, is liable to be blow'ii aside by currents 
of air, hence it must be protected by a glass 
globe. It can also be deflected on one side by a 
magnet, because it is a flexible conductor of the 
current, ff the carbons are moved farther 
apart the arc becomes unsteady, and if moved 
more than about i in. apart, goes out, and will 
not re-form until the carbons are brought again 
into contact with each other. Tf higher voltages 
arc used, the arc can be drawn out longer, but in 
this there is little advantage. If the carbons are 
brought very near together without touching, the 
arc hisses and becomes unsteady, while nodules 
of carbon, called “ mushrooms,” fo.rm on the 
negative peak. 
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Experiments have shown that the voltage 
necessary with continuous currents to maintain 
a steady arc may be divided into two parts, one 
fixed part of 39 volts, and one variable part 
which varies with the current and is usually 
6 or 7 volts for a 10 ampere arc. Many conjec- 
tures have been made as to the reason why this 
39 volts is necessary, the most probable being 
that it is due to the resistance of a film of pure 
carbon vapour which forms over the crater 
surface of the positive carbon. Although 45 
volts will maintain an arc, it is found advisable 
in practice always to allow not less than 60 or 65 
volts, the 15 or 20 volts difference being 
absorbed in a resistance. Tins helps to keep the 
arc steady, and is called the ballasting resistance. 

Distribution of Light from the Arc. 

Tlie size of the crater that emits the light 
is nearly proportional to the number of 
amperes flowing through the arc. With a 
10- ampere current the crater has about of 
a stpiare inch of surface, and therefore a diameter 
of about 0*16 in. A circle of white-hot carbon 
of this size Would emit in the direction normal 
to its surface a light about equal to 2000 
candles. But in oblicpie directions the light 
vould be loss in proportion to the cosines of 
the angles ; and moreover in the actual case 
the negative carbon gels in the way and casts 
a shadow downward. Hence the light is 
greatest in an oblique direction, and from an 
arc of this size is less than 2(HM) candles in the 
maximum direction, and is indeed less than 
800 candles if the average value in all directions 
is reckoned. If the negative carbon did not 
get in the way, the light from the crater of this 
size would have the following values at the 
several angle.s, reckoned below horizontal : 

Angle 15^ 30^ 45^ 6(r 75 ’ 90” 

Light 0 520 1000 1414 1730 1930 2(K)0 

These amounts are exhibited graphically in 
191. But as the negative carbon eclipses much 
of the light, and as its tip throws a little light 
out sideways, the actual distribution would bo 
more nearly repre.sented by the values ; 

Angle 0° 15” 30” 45” 60” 75” 90” 

Light 220 700 1250 1420 720 0 0 

These values are given graphically in 192. 
The amount cut off by the negative carbon 
would be greater if the arc had been shorter. 
The circle of shadow cast by the negative 
carbon can bo observed on the opal globes of 
ordinary arc lamps. 

Alternating Current Arcs. In alternating 
current arcs the crater is moved from carbon to 
carbon many times per second. It is unable to 
become thoroughly established on either pole ; 
and to obtain the same amount of light more 
current is needed than for a continuous current 
arc. The distribution of the light is as shown 
in 194 . On the other hand, the fixed voltage 
loss is only about 26 volts, or two-thirds that of 
the continuous current arc. This is probably 
duo to our measuring with alternating currents the 
root mean square value, not the maximum value, 
of the voltage [see page 1290], this value being 
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about two-thirds of the maximum value. The 
efficiency of an altermiting current arc, however, 
is lower than that of a continuous current one, 
and all alternating arcs have a distinct hum, the 
note depending on the frequency of alternation 
of the supply. 

Enclosed Arc Lamps. The open arc as 
described above is formed in air, which consists, 
as is well known, of a mixture of nitrogen and 
oxygen gases. The carbon burns away in the 
oxygen, and thus carbons have to be constantly 
renowned. Some years ago, attempts W'cre made 
to place the arc in a globe entirely closed at the 
bottom, and nearly closed at the top. It 
w^as found that wlien the arc is first formed it 
burn.s in the ordinary way, but as in a few 
minutes the su})ply of oxygen becomes ex- 
hau.st(‘d, the gases inside the globe consist largely 
of nitrogen and carbonic-acid gas, neither of 
w'hich has any action on carbon. 

Under these conditions the arc may be drawn 
out much longer, the voltage across the arc 
being increased from 45 to 70 or 80 volts. The 
carbons burn away much slower, so that the 
operation of rc-carboning is less frequently needed. 
The efficiency of t he arc is not increased [193J. 

Inverted Arcs. For lightingdraw ing-offices, 
picture-galleries, and certain classes of Workshops, 
inverted arc lamps are often employed. In 
th(‘se lamps tlio positive carbons are placed at 
the bottom, with the result that the greater part 
of the light is direct eel iipw'ard either to the 
ceiling or to a largo w'hit<‘ned board suspended 
over the lamp. The lamp is placed inside a 
metal bowl, w'hi(‘h retied s more of the light 
upward and hides the lamp from the direct line 
of vi.sion. Thus tin? refiected light from the ceiling 
or whitened board is without sharply defined 
shadow's. In fact, it is a close a]) proximal ion to 
diffused dayliglit. 

The Magnetite Arc Lamp. It is well to 
note that successful arc lamps can be made to 
use other electrodes than carbon. Such lanq)s 
are not common in this country, hut in the 
United States and (Canada over 60,099 are in 
use. They are fairly efficient and give a white 
light. In this lamp the ])ositive electrode 
consists of a copper block whicli does not burn 
away, and the negative of a tube about 8 inches 
long and S inch diameter, which is made of a 
mixture of black oxide of iron or magnetite 
and some titanium com})ounds. 

The arc has to be struck, as in t he case of the 
carbon lamp, by making the electrodes touch 
and then withdrawing them. The arc remains 
steady w^hen about IJ inch long, and a shunt 
wound magnet is arranged to maintain the arc. 
The light comes exclusively from the flame. 
The positive electrode has a life of about 6000 to 
8000 hours and the negative of about 175 to 
200 hours when the lamp is working with a 
current of 4 amperes. The lamp burns singly 
on a 100 to 120 volt direct current circuit. 

Arc Lamps in Operation. Practical arc 
lamps must bo able to perform the following func- 
tions automatically and satisfactorily: (a) Bring 
the carbons together when no current is flowing ; 
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(6) Strike the arc — that is, move the carbons 
a suitable distance apart when the current is 
sw'itched on ; (c) Feed forward the carbons as 
they burn away, so that a constant length of 
arc is maintained. 

There are many ways in which these ends are 
obtained, but in nearly all of them (a) is mot by 
the action of gravity which, when the current 
is switched off, causes the carbons to drop into 
contact with each other. The other two reijuire- 
monts depend to i\ large extent on each other, 
and consist generally of an elcctri(;ally controlled 
mechanical movement. Figs. 198 and 199 show' 
how it is possible to arrange solenoid coils in 
the lamp circuit so as to obtain series [198] or 
shunt [199] control, and 197 indicates a very usual 
maimer of obtaining differential control. Here 
the cross bar is pivoted at a point intermediate 
bctw'een the two coils, and any increase of 
strength in the action of the shunt solenoid 
over that of the series solenoid causes the rod 
connected to the carbons to be depressed, while 
any excess of strength of the series coil over the 
shunt coil raises the carbons. 

With such an arrangement, W’h(‘n the current 
is switched on to the lamp W'ith the carbons 
touching, there is a heavy series current, but 
practically no shunt current. The series sole- 
noid rod is drawn up into tlu^ coil, and the 
carbons are separated forming the arc. The 
resistance of the arc causes the shunt solenoid 
to become excited, and at last it becomes 
stronger than the series solenoid, which has 
been becoming gradually weaker, until at last 
the shunt solenoid rod is drawn into its coil 
and the carbons arc brought nearer together, 
thus weakening the strength of the shunt 
solenoid and strengthening the series one. A 
balance is maintained whic'h in a gocxl lainp 
keeps the arc steady. 

Methods of Moving the Carbons. There 
arc two general ways of mechanically moving 
the carbons —one illustrated in 196 shows what 
is termed a clutch. Tliis is tlie form used in 
the Westinghouso Company's open type arc 
lamp, as illustrated in 201, which shows dia- 
graminatically the different parts of the lamp. 
Another favourite system is to secure a brake 
cord to the lever cross-arm, which is placed 
above the solenoid coils, and to pass this cord 
round a brake-wheel. This brake-wheel is 
pivoted at tlie end of a lever, and is so arranged 
that when the band cord is tightened by the 
action of the series coil the top carbon is raised ; 
and when the band is loosened by the increased 
strength of the shunt coil the brake is releascKl, 
and the top carbon is allowed to fall a little by 
gravity. This is the system of control adopted 
in the well-known Crompton “ S ” type lamp. 

Arc Lramp Circuits. Arc lamps,are run on 
the series, or the parallel, or the stories- parallel 
system of supply. The windings on the coils 
have to be modified to suit the various con- 
ditions, and in the case of lamps run in series 
on a high voltage circuit it is necessary to 
include in each lamp circuit an automatic switch 
and resistance (capable of absorbing the same 


amount of energy as the lamp), so that any one 
lamp failing to act wdll not interfere with the 
satisfactory burning of the rest on that circuit. 

Flame Arc Lamps. It has long been 
known that, by adding various chemical materials 
to the ordinary carbon rods, a great change can 
be made in the appearance of the arc. Instead 
of the flame being a dull blue it may become 
intensely luminous, while the light from the 
crater w ill be considerably decreased. A mixture 
of calcium and sodium fluoride gives a very 
pleasantly tinted light. The colour can bo 
controlled, of course, by altering the carbon 
i m pregnjit i ng mat or i a 1 . 

To get a good flame arc lamp tlie design has 
to be considerably modified from the ordinary 
pattern. Fig. 195 show's the general arrangement 
of the Westinghouso Company’s flame arc lamp, 
and illustrates the general d(;sigii of other types. 
The carbons arc tilted to one another at an angle 
of about 30"^ [200], touching each other at the 
lower end inside an arched cup, which consists 
of an inverted bowl made of infusible material. 
This is often termed the “ economiser ” bowl. 
An electromagnet just over this economiser bowl 
maintains, during the whole time the lamp is 
aliglit, a strong magnetic; fi(;ld, which repels the 
arc outward from the bow’l and greatly increases 
its efficiency. In this lamp the control is 
effected first by causing the carbons to touch 
and so strike the arc and afterwards to maintain 
the proper length of arc by the liorizontal, not 
vertical, movement of the carbons. In this 
case this is effcctc'd by means of a brake-wh(x;l 
acting through a crank, the movements of the 
brake-wheel being controlled by seii(;s and 
shunt solenoids as before. In 195 is shown also 
the substitutional resistance for \iho when the 
lamp is used as o!ic of a series. 

Another ty}K; of flame arc lamp should be 
mentioned, namely, the Blondcl pattern. In 
this the carbons are vortical. The negative 
carbon is at the top, and (ionsists of a ])lain 
carbon rod. The positive, which is larger than 
the negat ive, consists of a carbon shell pa(;ked 
with a mixture of carbon powder with a number 
of compounds which affect the arc. The 
arc is somew'hat longer than the ordinary arc, 
and has no crater to direct downward the light, 
which comes almost entirely from the arc itself. 

For <;omparing the efficiencies of the various 
lamps discussed, the following table, giving 
rci)rc,sentative average figures, is added. 
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TYPB OF LAMP 

VVattrt 

per 

Camlle 

(JaiulleB 

per 

Watt 

Candles 

per 

h.p. 

(Carbon glow lamp . . 
Tantalum lamp 

Nernst lamp 

Osmium lamp 

Ordinary arc lamp . . 
Mercury vapour lamp . . 
Magnetite lamp 

Flame arc lamp 

3-3 

20 

1-5 

ir> 

0()7 

0-6 

0-25 

017 

0-3 

0-5 

0-67 

0*07 

1*5 

1*7. 

40 

5-8 

220 

370 

500 

500 

1100 

1250 

2060 

4300 
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Tartini Not^s. Graces. Trills. Solo and Double 
Shakes. Vibrato. Harmonics. Pizzicato Effects. 


ADVANCED VIOLIN PRACTICE 


J^Y this linio the drudgery of practice should 
have disappeared. The pfayer will now 
secik to extend hia time of study, being 
stimulated by the delightful delirium he experi- 
entjes.as progress is made. This pleasure, how- 
ever. will depart if he does not continue his self- 
discipline and adhere to his plan of regular and 
luc.thodical practice. The fact that, whenever 
a brilliant violinist appears, he, or sho, is pro- 
claimed the d'.sciplo of some great teacher need 
be no discouragement. Whoever excels on the 
violin is indebted more to himself than to the 
supervisor of his studies. The most expensive 
master can only point out the right way. He 
cjcinnot infuse a divine talent into a dull pupil. 
When there are so many excellent “ methods,” 
the danger is that the student, intent on 
treading too much in the well-worn footsteps of 
others, may neglect and lose the ability to 
analyse his own weaknesses and remedy them by 
compiling — after studying the course on Theory 
— his own exercises, as many great fiddlers have 
done in their youth. 

In double stopping the student should en- 
deavour, by bestowing great c'are on the fingering, 
fo get the intervals well in tune. The bow 
movements in octave passages, and so forth, are 
etfected solely by the wrist, which is helped by 
slightly raising or lowering the elbow. Listen 
attentively to each combination of sound. 
Many violinists who play single notes w^ell in tune 
are not so successful in double stopping. When 
they first began this department of study they 
did not take the precaution to compel their fing<^ra 
to press the strings at the right points. They 
failed to realise that the chief difficulty, as well 
as the chief charm, of double stopping is correct 


tone ” of a bell which accompanies the “ strike- 
tone.” Such resultant harmonics in the violin 
are known as the Tartini tones, so named after 
the great violinist who first, drew attention to 
them. If this third sound is not audible, it is 
an indication to the student that bis stopping 
is wrong. Therefore, in practising double 
stopping, do not lisUm to the top note only; 
give more attention to the lower sound. The 
outline, or melody note, is more capable of taking 
care of itself. Presumably it is the ambition of 
the student to prepare himself to play later on 
some of the most beautiful violin music with 
instrumental accompaniment. In such com- 
positions ho will find double stopping used mainly 
in cadenzas or flourishes. Meanwiiile, the other 
insinimcnts have a pause of silence. If his 
intonation is good, his skill will be displayed to 
advantage ; if bad, tluTc will bo no kotllcdruni 
to hide his defects. The car of the player can 
not, therefore, bo too scruj)ulou8 when learning 
double stopping. If out of tunc, an audience 
will immediately detect the error, especially in 
octaves. Playing major and minor scales in 
thirds is an excellent training in order to get the 
inhirvals clearly in succession without using the 
open strings. The chief trouble is to put the 
second and fourth fingers into their correct 
positions, according as the intervals are major 
or minor. It is of more use to learn to play one 
scale correctly in douhlc-8top])ed thirds than 
to be able to stop all the other scales indifferently. 

With a little thought, many helpful exercises 
[see Kx. 25], to give variety to practice, may bo 
made by the student himself Kx. 26 is another 
useful exerehe. quoted from Spohr. The student 
should by this time bo ready to attack the 


Kx. 25. 












Kx. 26. 

intonation. Thus they contracted a bad habit 
of making false notes, and lost their perception 
of the dissonance. This addiction, having taken 
root after constant repetition, is almost im- 
possible to cure. It therefore repays the student 
to be very careful at the beginning. 

Tartini Tones. In a good violin, when 
two notes are played in tune together, those 
sounds are supplemented by another given from 
the Body, of the instrument itself. It is deeper 
than the notes bowed, and resembles the ** hum- 


graces, or embellishments. Of these the chief 
are the shake, or trill, the turn, mordent, appoggia- 
tura, etc. When “ plain,” the shako is produced 
by a simple alternation of two single or double 
notes executed rapidly. This is easy to do badly, 
but very difficult to do w'ell. What is called by 
the Italians a catena, or chain, is a succession 
of shakes. Think of a long trill of a singing 
bird on successive notes. Try to imitate its 
clear and even effect. Begin slowly, and increase 
the speed gradually. When the fingers tire, 
leave off, and begin again later. When an 
appoggiatura precedes the note to be trilled, 
and it ends with a turn, the shake is called 
^‘prepared.” In the upper positions of the fiddle, 
where the notes come very closely together, 
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the student should be careful not to make the 
sound too sharp. 

Trill Practice. Trill practice strengthens the 
fingers. It makes their lowest joints responsive, 
and gives to them the independence necessary 
for good violin playing. Great violinists know 
this ; their trill exercise never ends. 

Such finger drill can bo done without a violin. 
Place the left thumb against the tip of the first 
finger, then strike the tip of the second and third. 


at the end of the second week, and so on. The 
beats in every shake must be equal. Each finger 
should be raised high, and descend on the string 
like a little hammer ; but the fingers must go 
down freely. In trills by semitones there should 
bo no rubbing of one digit against its neighbour. 
It is useless for the student to think that lie can 
learn the shake in a day. Unnatural force 
should not be used, and over-exertion must bo 
avoided. There is no better practice than to 



Ex. 31. The DOUBLE MORDENT Ex. 32. APPOGGIATURA Ex. 33. 



ACCIACCATURA 

-=r- f 




Ex. 34. 


Ex. 85. 



or third and fourth fingers against the palm of the 
hand. Make the tips strike as far down towards 
the wrist as possible. Regulate each stroke by 
the ticking of a clock, or, if in a railway carriage, 
by the motions of the vehicle. Make the strokes 
forcibly. Keep the unemployed fingers rigid. 
As the finger muscles get stronger and more 
independent, increase the number of strokes to 
each tick, or the sound by which the practice 
is regulated. To increase the power of the 
troumesome little finger, put together the tips 
of the thumb, first, second, and third fingers. 
Then make the fourth finger wag backwards and 
forwards os far as it will go. The motions should 
be done with regularity and increased velocity 
day day. 

These drills are useful for acquiring that 
finger-freedom which is indispensable in making 
a good shake. But such exercises must not bo 
done erratically. After practising at odd 
moments for a week away from the violin, try 
the shake on the instrument itself. Record the 
velocity attained ; then continue this indepen- 
dent shake praotioe. Test the progress made 
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Rutiirn ill s.iin** 

convert each scale into a chain of shakes. [ Sea 

Ex. 27.] 

Solo Shakes. Never use the first finger 
during practice in a single shako. Pay particular 
attention to exercising the little finger. In a 
solo the shako should always bo given its full 
value in time. To render it as brilliant as pos- 
sible good players sometimes begin a sluike half 
a beat before the time indicated in tho music. 
The student should devote at least a quarter of 
an liour every day to playing one or more scakis 
up and dowTi the fingerboard with the slow 
shako at first, increasing the speed gradually. 
This may appear wearisome unU^ss tho self- 
instriictor remembers Samuel Butler’s words 
that “ Dnidgcry and knowledge are of kin.” 
The latter cannot bo gained without paying its 
price, and this is tho surest way of ob taming 
brilliancy and power in fiddle playing. If 
knowledge is worth having, aspire to got it 
completely. Do not bo retarded by wasting 
time over*^ alluring and unprofitable tunes. Such 
are to be found in many violin methods. These 
pills, to help tho learner, are often so highly 
sugared that the object in swallowing them is 
misunderstood, although that should be the 
first consideration. The learner who cultivates 
the ability to write out his oum exercises can 
practise the shake in a different. Way each day. 
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Turns. Having conquered the shake with 
single notes, the smaller ornaments will be found 
easy. The direct turn consists of three or four 
little notes preceding or following a chief note. 
Tliese are played by the same bow which takes 
the chief note. [Sec Ex. 28 ] 

If the turn is inverted, it is marked tus shown 
in Ex. 29. 

A single mordent is a sharp alternation of the 
note to be played with the semitone above. The 
word comes from the French “mordro” — to 
bite. [Kx. 20.] 

When two such signs occur over a note two 
bites occur before the note is emphasised, the 
ornament then being called a double ^mordent, 
[Ex. 31.] 

The a'p'j)oggiatura is a little grace-note, either 
long or short, literally “ leaning,” or resting 
against a full-sized note. It docs not interfere 
with the time of the music, the two note.s being 
executed with the same bow in the space allotted 
for the second. [Ex. 32.] 

Lastly, the acciacexitura (or “ short appoggia- 
tura”), meaning to crush, is a little note with a 
stroke across its tail, preceding a full-sized note. 
The former is fingered so quickly that it almost 
appears to tumble into its neighbour. [Ex. 33.] 


shake must move with the greatest rapidity and 
regularity; in the second place, the notes of 
the accompanying part have to enter as precisely 
as they would do if attention were concentrated 
on them alone. Ex. 36 illustrates what is meant. 

Vibrato. If Stradivarius, before making 
a fiddle, had to wait five or six years while the 
wood of the belly was being dried naturally in 
the air, protected from sun and rain, it is only 
fair that the player on such an instinimcnt, who 
is desirous to excel, should have to exercise hi:> 
patience for a considerable period. Although 
unsuccessful at first in controlling the fin get 
sufiiciently to master the foregoing exercises, 
they, will appear easy to the student if he goes 
back now to some of his earlier tasks. To each 
note of a simple exercise the learner should strive 
to imimrt a tremulous or impassioned quality 
of tone. It is the a(!Complished violinist who can 
remder the simplest tunc* most beautifully. 

The effect known as the vibrato is caused by 
making each linger insueecission throb on thestring 
by increasing and lessening the pressure of the 
lingcr-tip. Tht^ motion which alters the stopping 
should be very slight, so as not to interfere with 
the purity of the tune. Practise slowly and 
steadily at first. Devote ten minutes to this 



The Double ShaKe. These minor ein- 
b.dlishmonts lead us to the consideration of that 
extremely difficult ornament the double, shake. 
As a preliminary exercise, the pupil is advised to 
return to the double stopping in sixths, and make 
a single trill alternately on the top and bottom 
notes while keeping the bow on both strings. 
[Ex. 34.] 

Now practise making chain shakes with two 
notes together in thirds, and see that they 
are in tune. If not, they will be offensive. 
Begin slowly, listening to make sure of the in- 
tonation. Make the beats equal, and increase 
the speed gradually. On the lower strings 
shakes are not taken so quickly as on the high 
ones, owing to the slower vibration. To be 
effective the shake must be executed literally 
with “ grace.” It should bo interpolated in a 
melody with lightness without disturbing the 
time. Double trills which employ open strings 
have no turn at the end, We give a useful 
exercise, which should be continued for two 
octaves, up and down, and transposed into 
other keys. [Ex. 36.] 

The most difficult of all shakes on the violin 
is that which necessitates the playing of an 
accompaniment at the same time, so that the 
effect is as of two performers instead of one. 
In the first plaqe, the fingers which execute the 


study every day till the viV>rato can be produced 
easily, iliwc special attention to the wvak third 
and fourth fingers. A long, sustained note may 
be rendered very beautiful by beginning w ith the 
vibrato, slowly and gradually increasing its speed. 
In okl music this effect is sometimes indicated 

by dots, thus Nowadays it is left to 

the discietion of the player. 

It may be noticed that tlu* vibrato is used in 
four distinct ways. First, it is done quickly, 
for giving a strong accent to a note. Secondly, 
it is used for sustaining slow notes in an emotional 
manner. Thirdly, the vibrato is begun slowly 
and then quickened, so as to make a crescendo 
on a long note. Lastly, it is begun quickly, 
and the throbbing is retarded to make an effective 
diminuendo. 

Tempo R.ubato. A refinement of effect 
in the ingratiating use of the vibrato is a temporary 
acceleration, or retardation, of the time. Tuis 
is termed tempo rubato (or ” robbed time ”), when 
some notes are deprived and others given more 
than their share of the strict time indicated. 
But those liberties, although occasionally allow- 
able in solo playing, should be avoided by the 
student who is preparing to take his place in an 
orchestra. 

Changing the finger on the same note during 
the same bow is another device for imitating the 
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human voice. Singers know that, when two 
syllables of a word spelt differently are sung on 
the same note with the same breath, the expres- 
sion of the second syllable is slightly different to 
the first, tho roiuon being that the vocal cords 
are employed differently for their enunciation. 
Almost an identical effect is elicited from a violin 
string when the second of two notes linked 
together is st opped by a different, linger. How- 
ever equal the st^-ength of the fingers may be, 
there is a subtle change in the tone. 

The stud(‘nt should now turn to ICx. 37. 

In the first bar the second finger is drawn 
back to C in the first position, so that the fourth 
finger falls down without any gliding sound. 
This power of inaudibly altering -the fingering 
of one note is important. Success in portamento 
playing often diqiends on it. While the change 
takes place the bowing must be continued 
delicately, so that no difference in quality can 
be detected, especially if, in order to continue 
the same sound, the string as well as the tingor- 
ing is changed. 


marvellous employment of harmonics. His rivals 
regarded the innovation as “ claptrap.” To 
play harmonics with facility, the finer the points 
of tho fingers are tho bettor. Thick, stumpy 
fingers are not well adapted to such work. 

Natural Harmonics. In a full-sized 
violin, half tho free length of tho E string will bo 
found about 0 in. from tho bridge. After 
touching this point lightly with tho first finger, 
and getting tho octave E on the first string, 
with tho fourth finger find that point which 
measures off one-third, approximately 4 in,, from 
the bridge. Bow lightly. The resultant sound 
will be B, a fifth above tho harmonic K. Measure 
off with tho third finger that point between tho 
centre and third segment, indicating one of tho 
quarters of tho whole, or about 3 in. from tho 
bridge, and find that notewdiich gives the double 
octave of the oi)en note. 

But the finger can bo placed lower down the 
finger-board so that it rests over a corresponding 
lower third — 8 in. from tho bridge — or second 
fourth division — 9 in. — of tho string. Tho har- 



Kx. 39. 



Harmonics. Tf the violin in finger-chang- 
ing is capable of closely imitating the singer, it 
transcends tho human voice in another ri'spcct. 
A few accomplished singers with iihenomcnal 
range have been able to produce very high vocal 
notes of a pure and fluty quality, but every 
violinist can elicit such sounds in greater variety 
after a little practice. If the fingerboard of the 
violin is regarded, it wall be obs:*rvcd that the 
free vibration of each string takes place between 
two fixed points — the nut and the bridge. Now, 
touch tho E string lightly with the first finger 
half-way betw^cen these points. Bow the note 
softly. The sound heard will be an octavo above 
the pitch of the open string. In quality it is 
clear and beautiful. In the same manner tho 
string can be made to divide itself into vibrating 
segments of 3 thirds, 4 fourths, 5 fifths, 6 sixths, 
and so on. But such sounds are produced most 
Easily from the G string, because it is the deepest 
in pitch. They are known as Harmonics. It was 
Paganini who first astonished tho world by his 


monic obtained will bo like that at the upper 
third or upper fourth division, but less clear. 
By dividing tho string into five parts, four 
similar harmonics can be pioduced at any one 
of tho notes. They give the double octave of 
tho third of the open ni^to. This ability to choose 
either position is useful in fingering. That 
harmonics can bo fingered from cither end of a 
fiddle -si ring may puzzle the student. He has 
been known to argue that, if he touches the 
string higher up or lower down, he lessons the 
vibrating segment. Quito so, if his finger 
presses tho string firmly. But he does not 
“ stop ” a note when producing a harmonic, 
although, touching lightly at a natural point, 
tho whole string continues to pulsate. What 
is altered are the divisions, or lengths, of tho 
vibrating segments, when the string is 
partially damped above certain nodes. This 
causes the higher “ partials ” of tho strings 
to assert themselves and sound their clear 
overtones. [Ex. 38.] 
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Artificial Harmonica. The foregoing 
harmonics obtained from the open strings are 
termed natural, as all harmonics, of course, must 
bo. But when the first finger forms a new nut 
by stopping the strings firmly, and a disengaged 
finger lightly touches a node above, the harmonic 


Con Sordino. “ Sordina,” or “ Sordino,** 
is the Italian for what we call a violin “ mute.** 
The effect, however, is not to render the instru- 
ment dumb or silent. It is rather that known 
in singing as the qualitv of the “ bouche fermee,** 
or shut mouth, when the vocalist closes the teeth 




is called artificial. Place the first finger down 
firmly on C (first ledger line below staff). Let 
the fourth finger rest very lightly on the position 
of F, a perfect fourth above the note stopped. 
Bow the string softly. Instead of F the sound 
will be C, two octaves above the C stopped by 
the first finger, because, above the new nut, the 
shortened string yields the harmonic natural 
to it. Keeping the first finger in the same place, 
stretch the fourth lightly over the point for G 
above the F. The tone will now be G, an octave 
and a fifth above the note stopped. Practise 
both the first and second methods of harmonic 
production. On the G string, a stronger bow 
can bo used than on the gut strings. Extend 


and almost the lips. In other words, the violin 
hums. Its tone is thus diminished when a little 
extra bridge is fixed over the real bridge of the 
fiddle, or a penny is inserted between two strings 
behind tho bridge. The quality of sound thus 
obtained is mysterious and mournful, for which 
reason the mute is often employed in slow pieces 
of a pathetic character. When the words “ con 
sordini’* or “con muta ” occur in the music 
the mute must be put on. It is taken off 
when the indication “ senza sordino *’ is 
reached. 

Pizzicato. Pizzicato effects for tho left 
hand are got by plucking one or more strings 
quickly whilst usually bowing another string. 
Thus, if all four fingers arc stopping the second 
string in the first position, and tho fourth finger 
twitches tho string, the note D, stopped by the 
third finger, is sounded. If the third finger then 
twitches tho string, C, stopped by the second 
finger* will sound, or if tho second finger twitches, 
the B, stopjxid by the first, will bo heard. In 
ascending a scale, the op(‘ ration is reversed by 
tho stopping fingers being put d(^wn inst(^ad of 
taken off. The fourth finger then usually docs 
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the series up the scale by semitones the length 
of an octave. [£x. 89.] 

Excellent practice can be obtained by trans- 
posing Army bugle calls a fifth higher, and 
imitating them. [Ex. 40.] 


the plucking, so that the point of contact may 
be as far away as possible from the place where 
tho sound is checked, the effect being best when 
tho twanging is done by the finger farthest 
away. [Ex. 41.] ALGERNON ROSE 
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Drawing, Stubbing, Spinning, Blending, Carding, Twisting, 
and Winding Wootlen Yarn. Warp Sizing. Yarn Testing. 

WORSTED AND WOOLLEN SPINNING 


T he operations of wor,stecl spinning introcluce 
no })rinciple w'ith which the reader of these 
chapters is not already familiar, but the appli- 
cation of these principles requires some explana- 
tion. The top delivered by the comber is in too 
thick a ribbon for immediate use upon the spin- 
ning « frame, and means have to be taken to 
convert it into a roving suitable, in thickness ^ind 
in other respects, for the yarn that is to be spun. 
This delicate k"ork of drawing involves the use of 
from six to nine machines, according to the class 
of Avool ; and all of these are essentially alike. In 
each of them there are two pairs of nip-rollers, 
and in all cases the delivery rollers travel at a 
higher surface speed than* the feed rollers, so 
that a pull is exerted upon the material, and the 
sliver is elongated. The drawing mac;hincry in 
use is of throe types, the commonest being that 
known as open drawing. 

Open Drawing. In making the tops ready 
for drawing, the ^^lls have first to be unwound 
with as litticf»<fiifling of the fibres as povssible, 
and without introducing any degree of twist. 
The work is done automatically upon the 
revolving creel, n simple stand upon Avhich the 
biills of top rest upon their sides in the ojicning 
formed between a jjair of (;orriigated rollers. 
The balls are turned round and unAvound gently 
by the rotation of these rollers, and the sliver 
from five or six balls is led simultaneously into 
the first macdiine. This is t he can gill box, Avhich 
exactly resembles the giUing machines used in 
preparing long wools for the comb, except that 
it is fitted with pins of greater fineness [2]. The 
rollers of the Is^x draft the five or six slivers 
doAAm to the same fineness as one original sliver, 
Avhile the teeth of the gills or fallers hold the 
fibres straight. The fibres arc intermixed by this 
averaging of the sliver from several bails, and 
uniformity is promoted both in (pality and 
Av^eight. The can gill box delivers its material 
into cylindrical cans. The spitidle gill box, AA'hich 
receive^ the slivers next, and again averages 
them by taking in five or six ends and'^^ning 
oui a single end, is fitted Avith large spindl^ and 
with flyers. The flyers rotate, dragging the 
bobbin round Avith them, and they insert a 
little twist, so that the sliver becomesT a slabbing. 

Worsted Slubbing. Once the sliver has 
boon twisted, it becomes impracticable to use 
giU teeth, and the succeeding drawing boxes 
have no fallers. The slubbing is supported 
during drafting simply by carrier rolls, and on 
leaving each of the next boxes the slubbing 
is re-wound upon bobbins by flyer-spindles, 
which form part of the machine. The successive 
boxes have distinctive names, and caesh is 
arranged to take several ends of slubbing and 


to draft them down to one as fine or finer than 
.any of them originally Avere. A plant for draAv- 
ing fine, or botany avooI, and Cor turning out 
3000 lb. per Aveek^ has 

Taao double head can gill boxes. 

Two 2-spindlo gill boxes. 

One 4- ,, draAving box. 

One 0- ,, weigh box. 

One 8- drawing box. 

Taa’o 8- ,, finishing boxes. 

Tavo 24- ,, second-finishing boxes. 

Three 32' ,, dandy reducing boxes. 

Ten 32- dandy roving boxes. 

Tops enter the draAAing department at a 

knoAvn averagci AATight, ii.siially stated in ounces 
per 10 yards, and th(i aim is to produce roving 
of a fixed weight, Aveighed in drams per 40 yards. 
At the weigh box a check is imposed to test the 
Aveight of the slubbing that is being made. The 
box is fitted AA'ith a knock-off motion, so arranged 
that the machine stojxs when a definite length 
of slubbing has been wound upon the bobbins. 
The empty bobbins are niade of one Aveight; 
and when all contain the same length of slubbing 
it is easy to pair together those which are too 
heavy Avith those which are light, and thus 
to rectify inecpialities which would otherwise 
show in the yarn. 

Cone Drawing. The cone system of draw- 
ing employs the same number and kinds of 
machines a-s are uscjd for open drawing, but each 
of the boxe.s has an extra feature. We bav<' H(‘cn 
that in open draAving the bobbin ujjon Avhich the 
slubbing is Avound is not positively driven, but 
is draggiH.1 round by the thread and the> liycr. 
The airangcmcnt is open to objection, for a 
bobbin nearly full Aveiglis more than one nearly 
empty, and consequently excu-ts more drag. 
Then the diameter of tlui bobbin increases Avith 
the adding of layer after layer of material, so 
that the relation of speed between the llyer and 
the bobbin is ehaiiged. 

These theoretical deficiencies, although not 
of much account in spinning strong Avools, make 
their influence felt in the case of fine yarns, and 
an arrangement of cones and of differential 
gearing is used to remove them. The bobbin is 
driven at variable spwds, corresponding Avith 
the changes in the diameter made by the Avinding 
on of fresh matcrird ; and the lifter-rail, AA'hich 
effects the placing of the material upon the 
bobbin, is workwl at fluctuating speed to build 
up the slubbing in a regular spiral. 

French Drawing. The, French system of 
drawing, Avhich is relatively little used in this 
country, produces a different typo -of yarn. 
Its distinctive feature is that the whole draw ing 
is done in about nine operations, Avithout putting 
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twist into tho sliver. The tops are mixed together each of them has already had some mention [see 

at can gill boxes and are passed into drawing boxes, page 1.5.55J. Flyer caj) and ring frames are tho 

where they are drafted by roller action. Inter- ones chiefly employed, but there are also worsted 

mediate between tho drafting rollers are simple mules, although not many arc at work in England, 

supporting rolls and a roller called the porcupine, Tho machines all accomplish the further drafting 

because of the pins which arc set at a tangent upon n<‘eded to reduce the roving to th(i required count 

its (urcumference. The porcupine revolves, and tho of yarn, and all of them arc fitted with; drafting 

fibres are drawn through its tO(*th an<l arc thereby rollers for the purpose. 

held straight. On l(*aving the delivery rollers The flyer frame is used for the stronger wools and 
th(^ sliver ])asses between apron belts made of a soft for the thiciker counts ; the cap frame for medium 

leather, which carry the sliver along, and at the and fine wools, and the ring frame principally 

same time give it a rubbing from side to side. The for the finest qualities. Thn mule enaldrs a given 

system is valuable for (ditaining a bulky yarn from rovdng to be spun to a higher count than is possible 

short and irregular staples. ^ upon fflher machines, ljut it occupies more room 

and costs more in labour. 
Mule-spun worsted is 
(lilT(‘ront from the yarns 
fi om the throstle frames, 
being more, spongy- a 
charaettu'istic that is 
not always wanted. A 
combination of dry^ 
e o m b i n g , F r c n c h - 
drawing, and mule- 
spinning gives a maxi- 
mum (»f fulness and 
sponginess to worsted 
yarn. Oil combing, with 
op(‘ii or cori(^ drawing, 
and fiy('r or ca]) sjunning 
are ])referr(‘d when a 
1. THE FEARNOIUIHT CARDER KtronKjam with its fibres 

From it by courltr-y of Merar., Platt Km citlSely tllitl together 

is re(iuired. Flyer 

Draft and Ratch. Wo have seen that tho frames cannot ])e run faster than about 2r)(M) 

amount of draft is determined by the relative revolutions a, minute, because^ of the vibration at 

speeds of two sets of rollers. The setting of these higli s})eedH, but th(*ir yarn is smootli. Tlu‘r cap 

speeds is one of tho most imi)ortant incidemts of tho frame is capable of 7000 revolutions, but in revolving 

process of making worsted yarn. If the rollers are round the cap at high spc'cal tho thn'ad me(*ts aerial 

so adjust('d that for every one yard fed into them friction, and a rough yar n results if the fibres are 

tw'o yards anr delivenjd, tho draft is said to be two. long or stiff. It is, theri'fore, not always advaii- 

'Fhe amount by which any given top may safely be tageous to run cap spindles at the highest sijeed. * 

drafted at one operation ean only 1 h- dwadwl by Self-Doffers. Tho most notable imiirove- 
oonsideration of the length and iimforniity of tho nicnts that have Imtu put upon thc^ worsted spinning 

fibroH. All tops have to be elongated a great frames arc tho automatic doffimj imitioiiii. WIk.ii 

deal in order to produce an eligibW roving, and the s])iiining bobbins have been filled it is nocossary 

botany tops intended to bo spun to (iOs yarn may to replace them by otliers, and the work of doffitigthe 

need to be drawn from an initial length of 160 yards f„ii bobbins and’setting em]»ty ones in their jilares 

per pound to nearly 7000 yards per ])ound liofore has to be .lone by ehildreii, many of them half- 

being placed upon the frame. Ihe feat is }>ra(!- timers. The process accou»ts for a material loss of 

ticable by proceeding gradually. Drafting a sliver time, as tho maeliine is at a standstill while the 

6 in one direction and in the next box 6 in tho hundred or two bobbins are being changed. Self- 

opposite direction, we make 36 yards out of one arrangements for ehauging the whole of the 

yard in two operations, and, by giving a draft of bobbins upon a frame have lieen brought into use 

6 again, make 216 yards in three oix-rations, i,„t,h for flyer and cap frames, and have been 

Repeated nine times, even upon a diiumishing proposwl for ring frames, where, however, they 

scale, high figures are soon rcachetl. • are loss advantageous, ns these machines ean be 

Drafting has to be done cautiously if the sliver is iloffed quickly. In the ease of the lly'er frames 

not to be tuilty or lumpy. Tho doubling procesRes the improvement has involved some modifications 

by whi(!h slivers are averaged together is the great of the spindUis in a direction enabling them to be 

safeguard against a lumpy result, and slubbing for run at highiT speeds, so that there is a twofold 

making fine yam often receives twenty to thirty of gain in productivity. Doffing, which occupies 

those doublings in its course from the comb to the three minutes on an ordinary machine, can be ‘done 

frame. The draft requires skilled judgment, and in. one-third of tho time by tho mechanism on tho 

not less docs the ratrh, or reach, which is the dis- flyer frame. The operation of a handle starts a 

tanee between the pairs of drawing rollers. This series of movements, in coiirse of which the full 

distance is adjustaluc, and has to be made to lit bobbins.'are caused to slide from their spindles on 

in as closely as may be with the. average length of to a 'Series of pegs, and the spindles are charged with 

the fibres, so that tho longest ones shall not be new empties. 

unduly broken and tho shortest ones not escape Twisting Frames. Yam-doiihling or the 
the pulling that w necessary to adjust their proper manufacture of twofold thread, which in the case of 
place in the slubbing. cotton is a separate trade, is carried on in the 

Worsted rrames. Fonr 'typestof machine worsted industry by the spinner. The doubling or 

are used in spinning worsted rovings into yarn, and twisting frames in use embody the same features as 
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the spinning frainos, with the difterence that there 
are no drafting rollers. Ring doubling is more 
largely employeil in the worsted trade than ring 
spinning, and both llyer and cap priiKiiples are 
favoured: — the flyer for the perfecti(jn witli which 
protruding hairs are laid, and the cap frame for 
the large production that is rendered possible. 

Woollen Spinning. Wo have seen that 
there arc certain broad distinctions between worsted 
and 'W’cjollen spinning. VV^)rstcd spinning is. chiefly 
done by linns df s]>inners who neitlu'r Comh nrn* 
weave, whereas woollen s])inning is almost always 
c'arried out in coivjunct ion with carding and weaving. 
Wc have also s(*(‘n that tluj woollen inanufaetiirer 
uses principally the W'ools that are too short for the 
combing })roccss, and that his yarns are the opposite* 
of worsted, and have thc'ir fibres arranged in an 
indiscriminate fashion. 

It has b('en stated that, in addition to the natur- 
ally short wools, woollen mannfaetiir<‘rs are able 


Woollen Blending. There is no hard and 
fast proccMinre in woollen spinning. In s<mie ciivnm- 
stanees the wool is not oven scoured before manu- 
facture, although it is generally scoured upon such 
machines as are used in w^ashing for the woolcomb, 
and it is sometimes carbonised as w'cll. Carbon Ui ug — 
meaning the reduction of vegetable ini]}urifneH to dry 
powder by a saturation in acid, followed by over- 
drying — is n'sorted to in thc^ casi* of hurry wools. 

The matiiiials necessary to make a yarn of a given 
)>rico and quality liavi* often to be blended, aii 
operation that is done by buikling up a slack 
of the sevcial kinds of wool in even layc^rs, one upon 
the to]» of file other. Kach layer is oilt‘d, and the 
furtht'i* intermixture of the sevc‘ral sorts or colours 
of material is (‘tfected upon the willey and the 
carding machines. 

Woollen Carding, rarding, and the opening 
operations which go with it, is. on the whole, the 
most critical work of the woollen mill, and it is in 


to use from the combings, and, in making chea]> this clepartnumt that mont\y is madt? or lost. 

g()ods, W'oolleii shoddy reeoverc^d from rags and Improperly carded material cannot give good yarn ; 

eli])pings of cloth. They can alscj use the mill and the*, task of the (’ar«ling (‘iigineor is to products 

wastc.‘S made in W’orking wru’sted, such as h/p.v, or good sliver without loss of weight and in theonaxi- 

brokem lengths of top; shthhing waste., fornmd in mum quantity daily. 

small cpiantities in the drawing process ; roving Thcn-e are tliree machines in a complete set of 
waste from tlm roving macliine or spinning frame, woollen ctards, and they arc^ alike* in all essentials 

and ro//c/ ?ca.v/e and /ty from the spinning machine*. esxecpt the finene‘ss of tlmir ewirel -clothing. Thei 

The'se aro soft wastes, n*cpiiring little tre'atmc'iit in first is tlm serihblery geneu’ally carrying two 50 inch 

order to op(*ii out their fibres sufHeieiitly for re- swifts, c'ach with its eomijlemeiit of eco/Ze r, stripper, 

working, l)nt use is alsej made of the hard wastes, fanc‘y and doffer rollers, ami made*/ in widths ranging 

snc*h as tangled yarn. 

Opening Maa 

chines. Harel w\astc* 
has to be*- eonveitc‘d into 
soft wastii be ‘fore its fibres 
can be re'-w'orked, and 
this is elone e)rdinarily 
u]>on a kind of carding 
emgine kne)W'n as the* (rar- 
'uett much i ne. Tlu^ cylinder 
and re)llcrs are ne)t 
cov'ered with the'* bent 
wire? pins us(?d as 
ordinary card - c lothing, 
but w'ith stce'l saw-tcctli, 
which oxci-t a more* 
drastic action and con- 
vert the? mass of thrvael 
into loose fibre. The* 
willey, or willow, wliicli 
is ns(*d be)tli to le)ose*n 
matted wool fibres and 
also to mix logcthc'r 
materials of ditTe‘re*nt 
sorts, is an encloseal 
m a ch i n a fitted with 
strong, hooked teeth. 

It contains a swift, or 2. 130 t;BLK-llKADKI> CtlU. Box WITH TWO sets OF sc^hkws and FALLERS 



large cylinder, with three yOK XHK WORSTE 

small we)rker - cylinders 

revolving upon its circumferon Below the 
large cylinder is a grate for the reee]>tion of 
dust, and by means of an air-cnirreiit tliis dirt 
ia continuously carried away. The amount of 
ejiening trc?atment required before carding is very 
much a matter of the condition of the y)articular 
class of material. Some materials reepnro to be 
passed through the fearnought, which is a sim})hi 
carding machine furnished with coarse teeth and 
with a suction apparatus for dust removal, and 
is capable of treating some five packs (1200 lb.) of 
wool per day [ 1 ]. 


TRA DE. (Messrs. Taylor Words wort h A Co., Loeils) 

up to 72 inches. The sc^cond is the intermediate, 
with aisingle swift, and tlie third is the carder and 
condenser. The machines may be c>ither auto- 
matically or manually fed; and, as it is of great 
importance that the whole sc?t should work at the 
same spesed, there is a growing practice of driving 
the thrc'C cards bv moans of a continuous chain. 
The tendency of the card teeth is to •straighten the 
fibres ; and as parallelism is not desired it is necessary 
to correct this effect. The weib foj‘me<I on the 
scribbler is accordingly fed into the intennediate 
machine diagonally, so that* the fibres entfir 
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sidewiso and not lengthwise. The direction ia 
changed again upon entering the carder, and on 
leaving this machine the flat web of wool is divided 
into sUvors by the action of the condenser. The 
division is made by rings or, in the Belgian sjrstcm, 
by leather tapes, and the slivers are rubbed into a 
rounder and firmer state as they pass between 
travelling leather aprons. 

The Woollen Mule. The carded sliver wound 
upon the large condenser bobbins is placed upon 
the creel of the woollen mule, a machine differing 
from the worsted mule principally in carrying no 
drafting rollers, and closely resembling the cotton 
mule [page 1695]. The machine has only the one 
pair of rollers that are needed to hold the sliver 
firm. The drafting or elongation of the sliver is 
effected by the outward run of the travelling mule 
carriage, and the yam is twisted while it is being 
pulled. The twist acts first upon those parts of the 
thread that are thinnest, and accordingly weakest, 
and thus tends to prevent the breakage of ends. 

Mules are made of different lengths to carry 
spindles up to 600 in number. The daily pro- 
duction is less than that from the continuous 
frames, but a very full and elastic yarn is pro- 
duced ; and little progress has boon made with any 
alternative machinery for making woollen yarns 
like those spun upon the mule. 


Warping Mills. The^ methods of warping 
worsted are not significantly different from those in 
vogue in the cotton trade. The beam warping 
machine is used increasingly, and the old upright 
warping mill has been replaced by the i^cotch 
vnrping miU. The mill cr wheel upon which 
tho warp threads are woun^ is from ten to thirty 
foet in circumference, and its axis is horizontal — a 
position which is especially convenient in warping 
coloured threads to form a regular pattern. 

Successful worsted spinning requires attention to 
a great number of small points apart from those 
arising out of tho defects of the rav material. Bent 
or split pins in the gill fallors, defective leathers 
upon the drafting rollers, jagged edges upon tho 
cans in which sliver is coiled, worn bearings, 
excessive or defective lubrication are merely a few 
of tho myriad causes by which yam may bo spoiled. 
Tho setting of the speeds anti distances, and tho 
adjustment of the drag of bobbin, fall to men who 
may bo either negligent or diligent^ although the 
great majority of worsted overlookers are pains- 
taking men. Tho oarolessncss of girls, involving 
the production of too much waste, adds most 
seriously to the cost of working, and the defaults 
of ehiklron in removing fluff from the rollers 
may easily spoil largo quantities of yarn. 
Marked differences between tho yam produced 


Twisting and Winding. Woollen yarn in two in 

ia less frequently required in a twofold state than are to be 

is worsted, bub it is 

doubled either upon tho /JRL. 

twiner j a form of mule, 

or upon the ring -twisting GsSmW 

frame, which machine ||[| ^ 

giv«8aIarKorpr<^uction Bjr^ 

Both woollen and worsted ySl 
yarns arc re -wound, and 
largely upon tho split 

dnim winder [page 1827 J. 3. THE twist testpjr 

Tho yams were formerly 

sold chiefly in hanks, or upon tho bobbins or cops twist must 
upon which they had been spun, but they are has to I)e 
now delivered largely in warp ready beamed standard i 
for tho loom, on tubes for the shuttle, or in parative lo 
cross- wound cones or cheeses suitable for the out a hanl< 


in two mills using the same class of mat(^rial 
are to be traced to small causes of these kinds. 
_ Th(» perfection demanded 


, worsted yarn intended 
for weaving fine, plain 
goods is microsco})ic ; 
and what is demanded 
most of all is that tho 
yam shall bo perfectly 

level f which means not 

thicker in any place than 
T TESTPJR in another. Tho yam 

must not bo hairy, and its 
twist must be regularly distributed throughout. It 
has to 1)0 true in length and weight, aiul up to tho 
standard in strength. A good idea of the com- 
parative lovelness of yarn can be formed by opening 
out a hank and examining the threads while holding 


knitting machine. 

Warp Sizing. Most woollen and a few >^orsted 
warps require sizing before they can be woven, but, 
as sizing of wool goods is not undertaken with a 
vit‘w to increasing the weight, the opeiation is less 
difficult than in the case of heavy sized cottons. 
The treatment is intended only to strengthen tho 
threads, fasten down protmding fibre, and prevent 
yams from being roughened in weaving. 

Starches are used, and sometimes with ob- 
jectionable results, made visible by tho appear- 
ance of white spots upon tho surface of a dress 
fabric after a wetting with rain ; and there are pro- 
prietary chemical compounds that can bo used 
without risk of ill effects. 

The commission warp-sizers who work for tho 
dross goods trade employ the slasher machine as 
well as certain other types. A French machine 
which has boon largely adopted for wool warps 
Offers from the sizing machinery that has been 
already described in connection with tho cotton 
industry in having a vertical drying chamber. 
The warp is* led, after passing through the size 
trough, to the top of the chamber and down again 
in an atmosphere heated by steam. Drying is 
assisted bv the action of fans which blow hot air 
through the threads. • 


the yarn diagonally anil facing away from the- light. 
Strong inequalities of twist in a twofold yarn reveal 
themselves upon a careful examination of short 
lengths wound upon a black card. 

I'lie average twist can bo eountod with tlio aid of 
a simple apparatus [3J. A length of tho yarn is 
put upon tho twist-tostor, and is held at one end 
by jaws and attached to a hand wheel at tho other. 
An engraved scale shows tho length of the sample 
under test, and a dial records the number of revolu- 
tions needed to remove tho whole of tho twist that 
has been given in doubling tho single yarns to- 
gether. It is Jess easy to count the turns per inch in 
single yarn, but appliances are made for tho purpose. 

Strength of Yarn. Worsted yarns are usually 
tested for strength by taking a lea of 80 yards and 
trying tho breaking strain of tho whole skein, 
although this does not give the most conclusive 
evidence of strength. In the official Testing Houses 
there are machines for trying and recording the 
tensile strengths of individual lengths. The Mos- 
crop yarn tester is arranged to test yam from six 
bobbins individually, and automatically to jier- 
f orate holes in a diagram showing at what tension 
each successive length was broken. The method 
gives the strength of individual lengths separately. 

J. A. HUNTER 
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Processes of Change. How the Earth’s Crust Is Influenced from Below. 

Volcanoes, Geysers, Earthquakes, and How they are Caused and Studied. 

THE EARTH’S INTERNAL FORCES 


I N the preceding chapters wo have dealt entirely 
with descriptive geohxjy. We have considered 
the constitution of the rocks and minerals whicli 
form the crust oj the earth. We now come in 
due order to the consideration of physical^ or 
dynamiculy geology. By this is meant the study 
of the various natural agenci(!S which have given 
rise to the state of matters which now obtains on 
the earth’s surface. It investigates the processes 
of change which are now at work upon the earth, 
and also helps us to sec how, in tlie far-distant 
past, they have moditied the primeval rocks. 
We have already seen that the earth's crust, 
when it first solidified from its original molten 
condition, must have been comjjosed entirely of 
igneous, or crystalline, rocks. We know that 
at the present day the greater part of the surface 
is covered with soil and stratified rocks, which 
are very greatly changed from that earliest solid 
product of the fiery nebula. The business of 
physical geology is to tell us in what way these 
changes took place. 

Uniformitarianism. The early geologists 
w^ere in the habit of thinking that this bem'ticimt 
change from the bare volcanic rocks and the 
fire-smitten deserts of the early world to thi^ 
fertile fields which now' grow ripe for harvest, and 
the kindly soil on whic^li man lives and has his 
being, must have been dins to some corrcsjiond- 
ingly extraordinary change in the order of 
Nature. They W'cre always ready to evoke the 
aid of some gigantic cataclysm in order to explain 
the geological history of the eartli. Wo are 
wiser nowadays, and find ourselves able to 
explain all these changes without going beyond 
the agencies which arc still at work, both inside 
the crust of the earth and on its surface. 

It is true that many of these agencies have 
been accustomed to operate in the j)ast with far 
greater violence than they ever put forth in the 
present day. Our modern volcanic eruptions 
are trifling displays of fireworks' w hen compared 
with the gigantic outflow s of lava which produced 
many of the igneous rock formations of the 
earlier world. We know' no such eartliquakes as 
those which shattered and rent the crust of the 
earth while it was still thinly coveiing the 
subjacent abyss of liquid fire. Even the action 
of comparatively gentle agents like w'inds, rivers, 
and w^aterfalls is probably much slower nowa- 
days than it was in the distant ages of the earth's 
history, as written in the fossiliferous rocks. 
The glaciers of the Alps and the Himalayas — 
even the gigantic ice barrier w'hich defends the 
greater part of the Antarctic continent — arc only 
a faint shadow of the ico-sheot which once 
clothed almost the whole of Northern Europe. 
But though these agencies have lessened in 
degree, they are still the same in kind. 


The groat doctrine of unijormitarianismy which 
W'as enforced by Sir Charles Lyell with all the 
w'eight of his genius, aivd is now universally 
accepkxl by geologists, teaches us that wo need 
not attempt to explain the history of the earth 
by introducing any agents w'liich show a 
marktul dillorence from those which are at w'ork 
today. Such convulsions of its surface as the 
earth has known still find their analogues in the 
processes of Nature, and were at the \itmost 
only an exaggeration of the processes w hich we 
can watch in action at the present day. 

Processes of Change. We all have a 
general idea of the proce>'ises of change, wliich are 
now' at work upon the rocks. We see the wind 
day after day sweeping up the dust from one part 
of the diy earth and heaping it tip in another. 
We know' that W'hen the rain falls it converts 
this dust into mud, and often washes it away, 
leaving the surface of the fields or roads bare 
sheets of naked rock. The farmer and the 
gardener tell us how frost pulverises the soil and 
split up stones and rocks. Wo cannot take a 
country walk without seeing how' the little 
streams and rivers are continually washing soil 
away from one place and depositing it in another. 

An inexpensive excursion to Sw'it'/.erland W'ill 
familiarise us with the work of glacners in 
chiselling out valleys, .smoothing rock-siirfa(!es 
like gigantic planes, and transporting vast 
boulders from their perches high up among the 
hills, to perplex travelk‘r8 in the valleys. Every 
holiday at the seaside shows how' the w'aves 
of the ocean are continually battering the sliore, 
breaking down the hardest quartz roek into tine 
sand, and ever making dc(;])er and deeper inroads 
upon the most lofty and imposing clilfs. 

Internal Influences. Wo are less familiar 
with those ag(‘neio.s of change which an? within 
(ho surface of the earth. In this part of the 
world, at any jatc, wc have* no acijUaintance 
Avith volcanic activity; and if an earthquake 
does come our w ay, it is so gent le that , as a rule, 
wc only learn of its existence from the iicws- 
l)apors next morning. But wc know from the 
reports of travellers in the tropics that volcanoes 
are still at work pouring out lava over the 
surrounding land, that earthquakes are still 
competejit to sw allow' up whole villages, and open 
chasms which seriously affect the surrounding 
strata. It is our business now to study the 
action of these various agencies as modifying the 
crust of the earth. 

Hypogene and Epigene Agencies. 

We may divide these agencies into two classes for 
convenience of study, according os they operate 
above or beneath the surface of the earth. There 
is a fairly obvious distinction between the super- 
ficial agencies which produce such changes as 


ASTRONOMY OLD AND N6W, PETROLOGY, PALEONTOLOGY, CRYSTALLOGRAPHY 

2361 



GROUP 19-QBOLOQY 


we mean when we speak of the weathering of 
rocks, and those subterranean forces which are 
the cause of volcanic activity, and give rise to 
earthquakes or to less perceptible secular move- 
ments of the earth. The subterranean agencies 
are called by geologists hypogme, W'hile the super- 
fi(;ial are known as epigene. Both these agencies, 
which do so much work upon the earth's crust, 
owe their existence to the same source of energy, 
being derived ultimately from the heat of the 
original nebula out of which the whole solar 
system has been developed. [See Astronomy.] 
They may be tabulated as follows. 

Hypooene Epigene 

(а) Volcanoes. (a) Atmospheric. 

(б) Earthquakes. (ft) Aqueous. 

(c) Slow secular movements, (c) Glacial. 

((/) ('hemical action. (d) Organic. 

The hypogene agencies, as may bo readily seen, 
arc mostly due to the heat still remaining in the 
interior oi the earth. It is no difficult task to trace 
the association of vol- 
canoes with the cen- 
tral fire, and we shall 
see later that earth- 
quakes, and the slow 
secular movements of 
the earth’s crust, arc 
alike due to the fact 
that the earth has 
been slowly cooling 
since it first came into 
existence. 

The epigene agen- 
cies owe their powers 
almost ent ircly to the 
heat of the sun, which 
is itself the residue of 
the original nebula. 

They arc practically 
all duo to movements 
of air and water, or to 
changes of the tem- 
perature, or to the action of life ; and none of 
these could exist if it were not for the sun’s heat. 

Volcanic Action. By a volcano wo 
usually understand a mountain, generally of 
conical shape, wdiose summit contains a crater 
or opening through which hot vapours, hot 
gases, volcanic bombs, ashes, and streams of 
molten lava are ejected during ils activity. 
Vesuvius, Etna, Krakatoa, and Mont Pelee 
present familiar types of such mountains. [See 
pages 286 and 1699.] All volcanoes, of wdiatever 
type, are simply channels of communication 
between the surface of the earth and the reservoir 
of molten rock which exists at a varying depth 
in the interior of the crust. In the past, how- 
ever, volcanic activity has by no means be,en 
always associated with mountains of this kind. 
When the earth was younger, and the solid crust 
considerably thinner than it is nowadays, there 
were vast eruptions which w^ere due to the 
rending of the crust along huge fissures, often 
hundreds of miles in extent, from which millions 
of tons of molten ‘igneous rocks welled out and 
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submerged the surrounding country. The only 
recorded example of such a fissure eruption in 
modern times is that which took place in Iceland 
in 1783, but the study of the geological record 
show^s that such phenomena were extremely 
frequent in earlier ages, and gave rise to vast 
masses of igneous rook. 

A Simple Volcano. It is easy to see 
why the modern volcano is almost invariably a 
conical hill or mountain. If \vo consider what 
happens at a vent W'hich has thus been opened 
between the molten interior and the surface of 
the earth, w^e shall see that the molten rook, 
welling up from within the crust and overflowing 
in all directions from the vent, rapidly solidifies 
into a roughly circular mass, of which the vent 
is the centre. When more molten lava is poured 
forth, it still W'clls out in the same circular form, 
andthccone is gradually built up round t he vent, 
which is bored through it as a vertical pipe. 

The simplest type of volcano is that of a 
single cone thus formed around one centre of enip- 
tion[34]. Thesummit 
is usually truncated, 
and presents a cup- 
shaped cavity, called 
the crater, into which 
the central pipe opens. 
Most existing vol- 
canoes consist of not 
one but many cones, 
each of which has at 
times been a centre 
of eruption. This 
considerably compli- 
cates the original con- 
stitution showui in the 
d i a g r a m [see also 
coloured plate facing 
page 1697 J. 

Volcanic Pro- 
ducts. The volcanic 
V(*nts which connect 
t he su rf a c(‘. ( )f t he eart h 
with the molten interior omit various kinds of 
materia], which may be classified as gasc's, water- 
vapour, lava, and rock fragments or dust. Many 
of the gases emitted by volcanoes have a corrosive 
or solvent action upon the rocks with which they 
come in contact. Superheated steam, which is 
one of the gases most common among volcanic 
products, has a powTiful disintegrating action 
upon the lava through W'hich it breaks its way. 
The water which many volcanoes throw out — 
generally, of course, in a highly heated condition 
— collects large quantities of volcanic dust, and 
forms a pasty conglomeration of wdiat is known 
as mud -lava. 

The chief importance of volcanoes, ho^\pver, 
as agents of geological change, consists in the 
lava which they emit. Lava is a term generally 
applied to all the molten rocks which are ejected 
from the interior of the earth. We have seen 
in the preceding chapters that a large pro- 
portion of the igneous rocks which originally 
formed the whole of the earth’s crust were once 
volcanic lavas. Lastly, in addition to gases 
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and molten lavas, solid fragments of rocks are 
frequently ejected from an active volcano. The 
larger of those aro known as volcanic bombs or 
blocks^ which aro simply pieces broken of! from 
already solidified columns of lava, and hurled 
out of the vent by the pressure of gas, just as a 
shell is fired from a cannon. 

A great quantity of solid matter is also 
ejected from volcanoes in the form of dtuat which 
has been produced by the disruptive effect of 
gases at a high temperature and under great 
pressure. They explode, so to speak, as the lava 
witii wliich they are mingled approaches the 
surface. This dust is often sent floating up 
high into the air, and is diffused by the atmo- 
spheric currents over a very largo area. It has 
sometimes been known to travel half round the 
world before subsiding to the earth. The great 
eruptions at Krakatoa, in 1883, and Mont Pel^, 
in 1902, are believed to have caused in this 
way the remarkable sunsets which were seen 
in England during the following summers. 

Volcanic Action Everywhere. There 
is practically no part of the world, as wo now 
know it, in which traces of volcanic action 
cannot bo found. Once upon a time the earth 
seems, indeed, to have been split and furrowed 
in all directions by the activity of the central 
fires which are now approaching a state of 
quiescence. Nowadays volcanic activity is 
limited to a comparatively small number of 
regions, and extinct volcanoes are considerably 
commoner than active ones. Arthur’s Scat and 
North Berwick Law, in the Scottish Lowlands, 
the regions of the Auvergne in Central France, 
and th3 volcanic Eifel, beside the valley of the 
Rhine, offer good examples of volcanoes once 
active, but which have shown no signs of eruption 
for thousands of years. There is no essential 
distinction between extinct volcanoes and 
dormant volcanoes, as history shows that a 
volcano which has been extinct so long as human 
memory records may suddenly break out into a 
remarkable state of activity. This was the case 
with Vesuvius just before the destruction of 
Pompeii. But there can be no doubt that, on 
the whole, volcanic activity has steadily declined 
since the beginning of human history, and that 
a time will come when all our terrestrial volcanoes 
will be as inert as those of the moon. 

Distribution of Volcanoes. The dis- 
tribution of active volcanoes, of which there 
are between three and four hundred now in 
existence, deserves study. ‘ They are found 
in greatest number on the shores of the Pacific 
Ocean, whore more than half of the now active 
volcanoes are situated. As a rule, they are 
situated in the neighbourhood of the sea, or of 
some considerable sheet of water. They are 
generally arranged along lines of fracture or 
folding in the earth’s crust, as, for instance, 
in the chain of the Andes. Many volcanoes 
also arise. from the submarine ridges of the 
ocean basins, and a few, as in Italy and Iceland, 
are ranged in groups in plape of the prevailing 
distribution in a linear series. 
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Geologically considered, volcanoes may be 
said to mark the places of weakness in the 
earth’s crust where some vast fracture has 
occurred in the rocky mass. The liquid rock 
of the molten interior, under intolerable pressure, 
makes its way to the surface through these 
fractures and along the linos of least resistance. 
A study of the geological record shows that 
volcanic action has always been most abundant 
in certain limited areas which mark these 
great lines of weakness in the earth’s crust. 
The special geological work of volcanoes and of 
fissure eruptions has been to bring to the surface 
the vast masses of igneous rock which in many 
cases have thus been intruded among the strata 
of earlier sedimentary rocks, upon which they 
have had a baking or met amorphic action. 

Geysers. In speaking of volcanic action we 
should mention the curious natural fountains 
known as geysers, so common in Iceland and 
in the Yellowstone Park. Those are, so to 
speak, water volcanoes, or springs, which rise 
from an extremely hot region. Their water is 
periodically ejected in jets or fountains by the 
pressure of steam form^ in the lower portion of 
the pipe and unable to escape except by this 
explosive action. 

EarthquaKes. The study of earthquakes, 
known as seismology, has made a very consider- 
able advance of recent years. This is largely 
due to the interest that Japan, as a rising nation, 
has been forced to take in the convulsions which 
are continually shaking her cities to the ground, 
and which compel her architects to study the 
conditions necessary for erecting permanent 
buildings, in spite of those constantly recurring 
and inevitable shocks. Earthquakes in our own 
country, as we know, aro scarcely over violent 
enough to endanger our buildings ; at the worst, 
a wall may bo cracked or a chimney shaken. 
But in the countries where earthquakes aro 
frequent and considerable in extent they have 
been known to cause terrible destruction, The 
city of Caracas was nearly destroyed in half a 
minute, with 10,000 of its inhabitants. Port 
Royal, in 1692, and Lisbon, in 1755, were 
almost entirely wrecked by earthquakes. On 
December 28th, 1908, at Messina, occurred the 
most awful earthquake within living memory, 
by which nearly 200,000 people were killed. 

We know nqw that these gigantic convulsions 
are merely the temporary exaggerations of 
tremors which are constantly passing through 
the surface of the earth. The seismometer, an 
instrument consisting essentially of a carefully 
balanced pendulum which is sensitive to the 
slightest motion in the base upon which it is 
suspended, shows us that the earth is continually 
and everywhere traversed by rapid "and weak 
tremors, as well as by shocks of longer duration, 
and often of periodical recurrence. Earthquakes, 
as a rule, are merely exaggerations of these 
movements. When the motion of the earth’s 
surface as indicated by such instruments exceeds 
^ in. i^ extent, tbe result is an earthquake of 
an extremely dangerous and destructive kind. 
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Earthquake Waves. All these tremors 
are (l\i(5 to waves propagated through the crust 
of the earth by causes analogous to the explosion 
of a mine or the fall of a huge stone. The jar 
which we feel throughout the house when a 
heavy vehicle ])asses along the road, or when a 
stout man jumps out of bed on the upper floor, 
is precisely similar to what we call an earth- 
quake, though, fortunately, less in degree. 
These earth-waves travel at definite speeds, 
W'hich can be measured with considerable 
accuracy, and which vary according to the sub- 
stance through which the waves are transmitted. 
They naturally travel faster through a hard 
and close-grained rock like granite than through 
a loose substance like sand. 

The direction in which they are travelling 
at any particular place can be determined by 
observing the direction in which walls or similar 
objects are cracked 
by shock; this [ 
happens at right 
angles to the emerg- 
ing wave. If, wlien 
an earthquake I 
occurs, several ob- | 
servations of this 
nature have been 
made in dilTcrent 
places, it is possible 
to make a fairly 
close approxima- 
tion to the ])laco at - ^ 

which the carth- 
(( u a k e originated 
beneath the surface 
by prolonging 
lines backward 
from each of these 
stations, and (ailcii- 
lating the point at 
wdiich they would 
all meet within the 
earth, it has thus 
been observed that | 
earthquakesusually 35. Valparaiso after 'i 
originate wdthin the 

upper portions of the earth's crust at adept h wdiich 
is seldom greater than fourteen or fifteen miles. 

The Cause of Earthquakes. It is not 

difficult to see that we must look for the cause 




common. A small number of earthquakes, 
again, are no doubt due to volcanic explosions 
in the low'cr regions of the earth's crust. It was 
once supposed that earthquakes w'ore always 
closely connected with volcanoes, but this 
proved t o be erroneous ; and, as a matter of fact, 
the mo.st pow^erful and numerous earthquakes 
occur outside the limits of volcanic districts. 

It is now generally admitted that the recog- 
nised cause of most earthquakes is to be found 
in the sudden yielding oi subterranean rocks 
which are under great strain from the super- 
incumbent strata. It can readily be seen that 
at a depth of five to fifteen miles beneath the 
surface, where the^^ majority of great earthquakes 
originate, the rocks must be in a state of extreme 
strain. Every mile of the superincumbent strata 
is probably responsible for a pressure of twenty 
or thirty tons to the square inch upon those 

W'hich lie beneath, 
and it is clearly 
oonceivahlo that 
every now' and then 
the most massive 
rocks must yield or 
snap under this in- 
tolerable pressure. 
When tlu^y do so, a 
more or less violent 
set of waves is 
originated, wliich 
radiatb outwards 
: ill all directions, 

and when they 
reach the surface of 
the earth give rise 
to all the destruc- 
tive p h e n o m e n a 
which we call by 
the name of an 
cart hqu a ko. There 
can be little doubt 
t hat these ru£)tures, 
o r* rea d j ust mont s, 
c o n t i nu ally 

ruE earthquake of juog in a small 

way, and give birth 
to the constant tiny tremors which are recorded 
by seismological instruments; but it is compara- 
tively seldom that they arc violent enough to 
produce seriously destructive effects. 


of all earthquakes — from the merest tremors 
insensible to man (which nevertheless leave 
their traces on the delicate instruments of the 
seismologist ) to the vast cataclysms W'hich wreck 
whole cities and submerge long eoast-lines 
beneath gigantic ocean waves — in some subter- 
ranean shock or displacement. This may occur 
in various w'ays ; sometimes it may be due 
to the sudden collapse of the roof of a subter- 
ranean cavern. In limestone districts, where 
the underground water is able to dissolve the 
substance of the rocks, and thus to leave huge 
caves, which every now and then become 
inoajpable of the task of supporting their roofs, 
small earthquakes of this nature are not un- 


Not infrequently earthquakes take place on the 
floor of ocean basins, where they generally make 
tJiemselves known by the propagation of vast 
ocean waves, W'hich cause serious, and often fatal, 
inundations when they roach the nearest land. 
In 1896, nearly 30,000 people were thus drow'ned 
on the coast of Japan by an earthquake wave, 
W'hich was also felt at San Francisco, nearly ,5000 
miles away. Submarine telegraph cables are not 
infrequently broken by these submarine earth- 
quakes, and a famous scare of invasion was 
once raised in Australia by the simultaneous 
destruction of all the cables, and the consequent 
isolation of that continent from the rest of the 
world. W. E. GARRETT FISHER 
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Types of Governors. Centrifugal Force in Machine Construction 
and its Requirements. Different Kinds of Flywheels. Hammers. 

GOVERNORS AND FLYWHEELS 


It seems a far cry from tlio devout Galileo 
* watching the swinging of a lamp in the dim 
religious light of a church at Pisa to the mathc- 
natical theory of a governor ! 

Yet the factors that enter into calculations 
concerning governors arc related to those with 
w’hich the swinging of a pendulum arc concerned. 
A few simple tests with a leaden ball attached 
to a fine thread suspended from a hook or nail 
will reveal one or two import a.nt relations 
between the length of thr(‘ad and number and 
time of oscillations. If the arc through which 
the leaden hall swings b(i not very groat, it will 
be noticed that witli the same length of string 
the same time is occupied by eacli oscillat ioii, 
although the angle through which the p(‘ndulum 
swings imiy vary. In other words, the oscilla- 
tions through small arcs are isochronous ((ircek 
iso^s — equal, chronos -- tinu'). 

The Pendulum and the Governor, 

(Careful observation would also show that as the 
thread is increasi d iuhsigth the time occupied 
by each swing increases, and that the number of 
oscillations in a given lime d(‘crcas<»s. With one 
thread b or ‘2.1 times as long as another, the 
time of each oscillc.tion will be three or five 
times as long, and the numlxu* of oscillations 
reduced to J or i. That is, in ditb'rent })en- 
dulunis, th(i duration of the oscillations varies 
as the S([uarc root of the length of the pendtilum, 
and the number of oscillations in a given time 
varies invcrsc'ly tlui srpiare root of the length. 
Several important relations are shown by the 
formula \ 7r“ I 1 : j/, where t is the time in 
seconds of one oscillation ; tt, the ratio between 
the eir(Mimf(‘rcnce and diameter of a circle 
= 3T4l(); /, the length of pendulum; f/, the 
acceleration due to gravity, ,‘12 '2 feet per second. 
Thus, 

t-g tt"/, 

and therefore lime, 



and acceleration of gravity. 



(This latter formula lias been used for deter- 
mining the value of the acceleration of gravity 
at different points in the earth’s surface.) 

The connection between the theory of the 
pendulum and tliat- of the governor is more 
clearly seen in considering the action of a simple 
conical pendulum [167], The ball G, sus- 
pended by the string OH, from the point H, 
describes a circle as shown by the dotted lines. 


outlining in its revolution the figure of a cone. 
Now, the forces which act on G are identical 
with those acting on the balls of an unloaded 
Watt governor, if we neglect the weight of the 
arms and slt^eve. 


The Operating Forces. These forces are 
three in number: A, tlie tension or pull of the 
string, as shown by the arrow, along (HI, tliis 
being equivalent to the pull of the arm of a 
governor [168J; W, the weight of the ball acting 
dow'nwards ; K, the centrifugal force tending to 
move the mass outwards from the ctuitro (see 
below). II (^re, then, we have a system of 
foreoH in equilibrium to which the triangle of 
forces may be applied [168]. Then, F: W : : r : A, 
r being the radius from the centre of the mast; 
to the axis, and h the hciglit of revolution 
Therefore. F x li ^ W x r, and since, as stated 
below, centrifugal force 


this value 
equation ; 


and 


__W7rVa‘^ 

of F may be substituted in the 


ffOOy 


xh- W av 


W TT -rw- xh W X r X 

Therefore, 

^ .. W X r X 90(V ^ 9(% ^ 
\\ W/t" Tr'bi"* 


and since ffOOf/ tt- is a constant, it is clear that 
the lu‘iglit of revolution, h, does not d(q)(uid on 
the weight of the ball or the length of the arm, 
hut on th(5 ralc5 of n'volut ion. As this in- 
creases, h must diminish, just as tlie shortening 
or lengthening of the rod of an ordinary 
pendulum affects the number of oscillations 
in a given time. As h diminishes, oAving to the 
incre.ascd speed of the engint* and consequent 
Hying outw'ards of tlie l>;dls, tlio sleeve is 
raised, and this, acting on the links and levers, 
partially closes the throttle valve, and so reduces 
the volume of the steam and speed of the 
engine, as described later. 

If the number of revolutions per minute are 
known, the value of h may be found for ibis 
class of governor by the above equation (n‘^ 
- 9-8096; 9U(V ... 28,980). And since 

_ number of revolutions per 

IT- xn 


miuulo 


n=- 


1 / 900(7 

XT h, 
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The Loaded Governor. In order to 
enable the governor to work at a higher speed 
and operate the throttle valve with greater 
delicacy and precision, the governor is loaded by 
a central weight, and the relations shown by the 
equations for an unloaded governor then become : 

(yL±j»\ 



in which W is the weight in pounds of the central 
weight, and w that of each ball. On comparing 
these equations it is clear that for any particular 
height of revolution, the speed of revolution is 
greater in the loaded than in the unloaded type ; 
and that for any particular rate of revolution, 
the height, h, is less in the loaded form than 
in the other type. Also, the advantag e in speed 
is represented by the ratio \/W + w: Jw. 
Friction has also to be considered, but both 
theoretical and practical demonstration show 
this to bo a negligible quantity as W + is 
increased. Loading a governor either by a 
central weight or a spring thus provides a means 
of overcoming great frictional resistance. 

Centrifugal Force. Tn considering 
the forces acting on the balls of a governor, 
allusion w’as made to centrifugal force, and, 
before proceeding further, it will be advisable to 
consider this force. Really the term centrifugal 
(Latin centrum = the centre, fagio ^ T ily from) 
is a misnomer bequeathed to us by early philo- 
sophers, who concluded that a force existed 
tending to drive bodies revolving in a circle 
away from the centre. Otherwise, they argued 
plausibly, how shall we explain the counter- 
balancing force necessary to compel a body to 
revolve in a circle as seen, for example, in the 
whirling round of a weight attached to a string. 
Htniee, the term centrifugal force was used to 
indicate the tendency of the body to fly from 
the centre, and centripetal force to indicate the 
pull towards the centre, these forces being 
necessarily equal and, of course, opposite. 

Actually, how^evor, the tendency of such a 
body Is to continue its motion in a straight 
line — to obey Newton’s first law% “ Every 
body continues in a state of rest or of uniform 
motion in a straight line, except in so far as it is 
compelled to change that state by force acting 
on it.” Therefore, at any point in the circle 
the body W [169J is forced to move in an 
unnatural path, and tends to move as a tangent 
to that circle, as at rt-ft, c--d, e- f. Remembering 
that the term acceleration may moan a change 
in direction as well as in velocity, the body W 
thus has an acceleration towards the centre 
of the circle, its amount being represented by 
r ; V — velocity in feet per second, and r = the 
radius of the circle in feet. The centrifugal 
force is the product of this acceleration and 
the mass of the body, and since the latter 
_ weight of body 

then F = 

in which F represents the magnitude of the 
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centrifugal force and W the weight of the 
body in pounds. As velocity 
_ 2irr X n 
■“ ■“'60 

(2irr being the circumference of the circle, and 
n the number of revolutions per minute), this 
quantity may be squared .and substituted for 
t?* in the formula, thereby giving another state- 
ment for centrifugal force whqn the number of 
revolutions per minute arc known. 

j, ^ W7r-Vn‘i 

OGOgr'’ 

Wherever, in engineering, revolving masses 
are concerned, these centre forces have to be 
considered, and if there exist any lack of balance 
in the revolving parts, the wear on the hearings, 
and the vibration set up, will cause considerable 
damage. 

Bursting of Flywheels. In the governor 
(which regulates the speed of an engine), centri- 
fug.al force is utilised in the opening out of 
th3 bCills, hut in the flywheel (which steadies 
th3 speed of p>n ong'n?), and other revolving 
wheels, centrifugal force produccis a tension in 
the rim sufficient at times to burst the wheel, 
sometimes causing loss of life. (.Wsider the 
rim to ho divided into a great number of small 
sections, as in 170. The centrifugal force for 
each sep.arate section is then equal to: w(M*ght of 
section X v^-^rg. For the whole, the aggregate 
of all the sections, F — weight of the rim x v^-r-rg. 
The tensile stress, however, in the rim acting 
tangentially as in 169 amounts to 
weight of rim x 
2Trrg 

The Purpose of Flywheels. The main 
purpose of the flywheel is to provide a reservoir 
of energy. In the steam engine, and also 
in gas and oil engines, the energy is supplied 
in jerks, as it were, at brief intervals, while 
the w'ork to be done — the resistance to be 
overcome — is a constant quantity. This inter- 
mittent supply of energy is sometimes noticeable 
in steamers propelled by paddle-wheels as a 
monotonously regular forward jerk. But the 
enormous m.ass of a steamer, a locomotive, or a 
train is sufficient to store up the excess of energy 
during the period when the supply is greater 
than the demand, and to part with it when the 
resistance exceeds the power supplied. Hence, 
it is hardly necessary to say that a flywheel is 
not required in marine or locomotive engines. 
There is another case where a flywheel is needed 
— when the energy imparted is used periodically 
instead of regularly. Punching and shearing 
machines are an example of this intermittent 
utilisation of energy. The accumulated energy 
of the flywheel is sufficient to produce the 
operation of punching, shearing, slotting, 
etc., when without its aid the engine would 
possess insufficient power to perform these 
operations. 

The Stored Fnergy of Flywheels. 

The energy acquired by the flywheel is called 
“ kinetic energy.” Work is performed by the 
flywheel in virtue of its motion just as the 
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poterUial energy of a pile-clriver enables it to 
perform work in virtue of its 'position. Work is 
done until tho body possessing kinetic energy 
is brought to rest. The kinetic energy of a 
moving body of mass m 
my. 

2g ' 

and in the case of a wheel tho velocity in feet per 
second 

_2'jrryn 

6(r“* 

where n is tho number of revolutions per minute. 
Therefore kinetic energy of flywheel 
irr X nV^ 

()() / _ w X X _ m X x n^ 

" 2g 2^3600 2grx90() 

Inspection will show that for one particular 
flywheel all the quantities in this equation are 
constant except 9i. Hence the kinetic energy 
depends directly on the square of the number 
of revolutions in a minute, while for different 
wheels tho energy is proportional to the mass 
and tho square of the velocity. 

Practical Issues. It must not be 
imagined that the do, sign of an engine governor 
is so simple a matter as to be embodied in tho 
formul® just given. If such were the case, 
there would not be so large a number of varia- 
tions in design. Many of these are veritable 
puzzles to tho uninitiated. But if we consider 
for a moment or two what a governor is expected 
to do in the modem factory or generating station, 
we shall at least understand that tho problems 
presented are not so easy of solution as they 
appear on first thoughts. 

Conditions of Governing. The most 
exacting conditions are those that exist in cotton- 
spinning mills and in electric generating stations. 
A variation of about 2 per cent, in the number 
of revolutions per minute of a liigh-spccd engine 
is as much as is consisUmt with steady, satis- 
factory working. Two per cent, is a very small 
margin when we remember that the governor 
cannot begin to act until the speed of the engine 
changes. Hence the necessity for responsiveness, 
a need which increases with speed. So that the 
difficulties of fitting governors instantly re- 
sponsive are much more difficult of solution than 
they were in the old days of slow-running engines, 
for which the Watt governor answered well 
enough. A very brief account of some of the 
principal devices is all that can be given here, 
bearing in mind that liowovcr diverse the 
forms, the principle remains unaffected — that 
is, the centrifugal force and gravity must bo in 
equilibrium. It is necessary also to mention 
that improvements are not wholly to be credited 
to the governors alone, but also to better forms 
of throttle-valves, as those of double-beat type, 
w'hich are more delicate and precise in action 
than the old elliptical throttle- valve. 

Crossed-arm Governors. The • early 
type of Watt governor is shown in 168. where h 
is the height of the cone, measured from tho 
radius lino r to the apex. This governor is too 
. sensitive, because the height h varies greatly and 
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rapidly with changes of speed. As the number 
of revolutions per second varies inversely as the 
square root of h, it is not possible for tho engine to 
run regularly. A better form is that in which 
two points of suspension are provided at some 
distance below the apex, because as the balls rise, 
tho apex drops, and therefore there is less effect 
on the height of h than in tho previous case, and 
the balls have to move a less distance to effect a 
change in speed. Tlie best form possible in this 
design is tho crossed-arm governor [171]. where 
h remains nearly constant for all variations in 
load. This is approximately isochronous, or 
astatic, a condition which is best fulfilled when 
tho balls move in a parabolic path, and these do 
so nearly. But it is not a perfect governor, 
because it is liable to hunt, duo to its sensitive- 
•ness. That is to say, it is too quickly responsive 
to minute changes, with the result that it will 
sometimes produce, insh'ad of cheek, changes. 
Hence, pseudo-astatic governors, or those in 
which the too rapid action is cheeked by springs 
or weights, are preferred. Moreov(‘r, one essen- 
tial condition to responsiveness is that the 
governor shall run more rapidly than the engines, 
so that with the high-spcnul engines of to-day 
the speeds of governors have to he very high. 
Some contrasts are shown by the figures. 

Big. 171 is a good pattern of crossed-arm 
governor, approximately astatic. It is driven 
by the small belt pulUy A through bevel wheels B 
to tho spindle carrying tho crosshcad D, from 
which the arms are suspended. Tho sliding 
sleeve E reeeives tlu^ connecting rods by whi(!h 
tho vertical movements of the arms are trans- 
mitted to tho lever F, the spindle G of which 
actuates tho throttle valve in any convenient 
way. 

Centre-weighted Governors. A much 
better typo is the eontre-weightod, or Porter, 
governor [17£], made also with many variations 
in tho d(*tails of fitting. Hero— the example 
being by I’aiigyes, Ltd, -the balls are connected 
to rods above and below, forked to embrace tho 
top of the vertical spindle, and tho lower portion 
of the central weight A. As they fly outwards, 
therefore, they raise Ihc weight, but their move- 
ment is also cheeked by its resistance. Tho 
throttle lover B is actuated as before, through 
a forked end, and the governor is belt driven also 
by the pulley and bevel gears seen below. 

Spring Governors. In another large 
group of governors the resistance of a spring is 
utilised to check tho opening of tho balls. In 
these tho resemblance to the Watt is not obvious. 
There are many, as tho Hartnell [173], Burrell, 
Robey [174]» fl^nd others. The power of the 
spring is adjustable. In 174 tho governor con- 
trols the action of two sets of valves, as shown, 
with dashpots. 

Slip is fatal to the accurate working of gover- 
nors, hence tho belt driving is often abandoned ; 
chain driving by a Rcnold chain sometimes takes 
its place, but more often tho governor is put on 
the crank-shaft. 

Many governors exercise direct control over the 
slide valves through the slot links, an illustration 
of which occurs in 173, 
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Flywheels. Tliese arc dangerous objects 
unless the results of centrifugal force are safe- 
guarded in some way. ^Tany flywheels have 
fractured, with results disastrous to property and 
fatal to life. The following are the methods 
adopted in modern practice. 

Cast - iron Flywheels. In casting 
these, the first difficulty lies in the slirinkage of 
the metal in unecpial seetion>A. I'lius, the rim 
alone is considered in apportioning tin* mass of 
revolving metal, tlie arms being neglected, as far 
as their mass is concerned, liieir only funeti<»n 
is the due connection of the riiti with the boss, 
and this is a point of cardinal im])ortance - the 
embodiment of sufficient strength to resist the 
pulling or tensile action of the rim, and to 
resist the elTect of stresses set up by tlie shrinkage 
of the cooling metal. 'J’lie latter alone has bciMi 
the ijrimary cause of many fractures of wheels, 
although the strength of the arms, as obtained by 
calculation, was ample. 

Causes of Ruptured Flywheels. 
When a flywheel cools aftt-ir casting, the rim 
and central boss remain hot much longer than 
the arms, and so continue to shrink after the 
arms have set rigidly. Tliis is wliere the miseliicf 
occurs. Tlie shrinking rim and boss subject the 
arms to mix(‘d stn'ssc's, and the arms rc'sist the 
shrinkage of the rim and boss. The n(‘t rc'sult is 
that though the wheel docs not fracture at the 
time of cooling, yet it is in sueli a condition of 
internal stress or tension, that a slight exe<‘ss of 
R])eed of r(?v()lution above the normal is liable to 
fractiir. it. It is a fact that the majority of 
flywh(‘el fractures arise from this eaust^ alone. 
Much can he done by care on the part of the 
designer and founder to ])roportion the rim, arms, 
and boss ; or by hastening the cooling of the rim 
and boss, and delaying that of the arms, so that 
tlu; cooling shall take place in about equal times. 
This is properly done in east-iron flywheels; hut 
as there is always an element of risk, the practice 
has grown of abandoning such wlu'els in favour 
of those built up in separate pieces, bolted 
together, and in another direction of using arms 
of wTOUght iron in rims anti bosses east around 
the ends of the arms. 

Tliough, therefore, east iron is used for wheels 
of small and motlerate dimensions, tlie composite 
whet'ls are almost invariably used for those of 
large dimensions. 

Wheels with Wrought -iron Arms. 

In these the arms are cut off from the bar, 
jagged at the ends, and insertt^d in the mould 
with the jagged ends projecting into the spaces 
prepared for rim and boss, and the metal is 
poured round the ends, so enclosing them. There 
are two objections to this, one being the flimsy, 
skeleton-like, unsightly appearance of the arms ; 
and secondly, the real risk of the; arms becoming 
bent by the centrifugal efforts of the rim, an 
accident which has fnjqiicntly hapjiened. Hence 
the reason why the built-up wheels have pre- 
ference. 

Built-up Composite Wheels. Of these 
there are several designs, the best of which 
are found in mill engines, ofUm combined with 
toothed wheels. Various means of union are 


adopted. The rim is cast in segments, and uniti^d 
w'ith cot fared dowels. The arms arc cast indi- 
vidually, and bolted to the rim across the joints 
of the latter, and also holt<*d to a central boss. 
Or sometimes the boss segments are cast with 
the arms, and bonded with wrought-iron rings to 
maintain them truly. 

Grinding Wheels. Revolving masses are 
continually exercising tlie ingenuity of the 
mechanic. The modern practii^e of grinding as a 
rival to purely cutting operations has given an 
immense impetus to the development of the use 
of rapidly rotating wheels of emeiy, corundum, 
carhoriindiim, etc. Conqiarisons witli the old- 
fashioned grindstone crawling slowly round at 
about 100 revolutions per minute gives no manner 
of idea of the enu'iy w'hei*ls of to-day. The 
latter run at a peripluTal sj)eed of about 5,000 ft. 
pc^r minute, and this subjects them to a tensile 
stress t(‘nding to hurst them of about 75 lb. per 
square inch. Of course, such w’hec'ls do some- 
timt‘8 fracture, l:)ut evil results rarely follow, 
because provision is ma<le with a view to prevent 
the fragments from Hying osimdcu*. This takes 
two forms. In one [175, 176, and 177J the body 
of the wheel is so gripped by bosses that, even 
though it breaks, the pieoiss are still retained. 
In the other [178) a hood (A) encircles the wheel, 
excepting just at the locality wdicre the actual 
grinding is being done, and so confines fractured 
portions. 

(Auitrifugal force has to he eanffully eonsidert'd 
in connection with thi*. armature windings of 
dynamos and motors. If these are not secured 
efficient ly w ith bonds, the wires will fly outwards, 
and so work loose. 

High-speed Shafts. A dynamical effect 
of much practical importance arises out of the 
rotation of unbalanced shafts, particularly that 
of crank shafts. The counterhalaiK^e w(“ights put 
in the driving wheels of locomotives are carefully 
calculated and located to neutralise the dynamical 
effect of the tw'O cranks, which are situated at 
right angles to each other, and by which the 
driving wheels are rotatc'd through pistons and 
conncH^I ing-rods. They do for t he crank.sliaf t wl»at 
the flywh(‘cl does for the ordinary steam engine. 
Rut for th(‘se cranks the motion of the engine 
would produce a succession of hammer-like 
hlow'S on the r*ails, d(‘structive alike to the rails 
and the mechanism of the engim^s. 

The cranks of compound marine engines are 
balanced, hut in a different way. Kxt(*nsions arc 
forg(*cl on the cranks at the side opp<isite to the 
crank. 

When therri are three cranks situated at 
angles of 120", no counterbalancing is n(*eeH8ary, 
because the cranks balance each other round 
the axis. 

Precautions with High-speed Pulleys. 

Plain shafts and pulleys, having no sensible 
Jojrsidedness, oftt*n develop wobbling or vibratory 
movement at high speeds. In the case of pulleys 
this is ohviaU*cl, at the speeds at which they 
generally run, by balancing them ii> the course 
of manufacture on knife edges, and carefully 
removing metal from those portions which .(jome 
to rest in the lowermost positions. This i.s 
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necessary in all high-sj^ed pulleys. But shafts, 
though turned truly, do at a very high speed — 
the critical speed — develop vibration which often 
subsides at a higher or lower speed. In such 
cases extra bearing support must be afforded, 
or the shafts must be stiffened without increasing 
their weight. This explains, too, why stiffness 
in a shaft is of greater importance than mere 
torsional strength. The latter alone would yield 
impracticable results. It also explains why steel 
has superseded iron for shafting in present-day 
design. 

Pulleys and drums of great weight on light 
shafts inevitably set up vibrations, in spite of 
good balancing ; hence it is necessary to lighten 
them where possible. In present practice, pulleys 
of rolled steel have largely superseded the 
heavier ones of cast iron ; and those built of 
timber, lighter than steel, enjoy a rapidly growing 
popularity. 

Hammers. Of the gravity mechanisms pure 
and simple, perhaiis the most obvious are the pilc- 
driving monkeys, and the steam and drop 
hammers. Here foot-pounds ^ lb. weight 
multiplied into the height fallen in feet, repre- 
sents the dynamical effort. In either case the 
monkey, or the tup, is the weight usually taken as 
the falling weight, though in steam-hammers [179] 
the weight of the piston and piston-rod should 
be included. An advantage of all these mechan- 
isms is that one of the factors is capable of 
variation, that of the height of fall. In the pile- 
driver, fhe winch by which the monkey is raised 
regulates it ; in tho steam-hammer it is the 
volume of steam admitted ; in tho drop-hammer 
the height is regulated by the belt or board. 

Although we have spoken of the falling weight 
of a hammer only, few steam-hammers are made 
like this now, but the pressure of steam is intro- 
duced to a(^eelerate tho descent of the tup. This 
increases the speed of working, enabling many 
more blows to be struck in a given time, in 
addition to the greater dynamic effect. Hammers 



TEN TON ARCH-FORM STEAM-HAMMER, WITH 
HAND -WORKED VALVE GEAR 


are made generally to operate by working a hand- 
lever for each blow, or self-acting, as in the type 
shown in 179. Note should be made of the great 
relative mass of the anvil-block A, of cast iron, 
which is absolutely necessary to epable^ it to 
absorb tho blows without excessive vibration. 

The Hammer Blow. The energy of tho 
blow of a hammer is expressed in foot-pounds, 
and may bo ascertained by the following formula : 
a — Area of piston in square, .inches, 
p = Average pressure of steam on piston during 
doiviiward stroke in pounds per square 
inch. 

S = Stroke of piston in feet. 

VV ^ Falling weight in pounds. 

K = Energy of blow after full stroke, and before 
striking, in foot-pounds. 

E=(ap+W)S. 

The velocity of tho tup tho instant before 
striking may be calculated by the following 
formula : 

P — Total pressure on piston = pa. 

F = Total force causing downward acceleration 
= P fW po 4- W. 

g = Acceleration duo to gravity — 32‘2. 

V = Velocity after full stroke and before striking, 
in feet per second. 

V,^2T’!7S 

W ■ 

The force of a blow cannot bo slatc'd in terms 
of weight at all, because the pressure of a weight 
is continuous, whercivs tho force of a blow is 
expended in a moment. Messrs. B. & S. Massey, 
the steam-hammer makers, have, however, 
ascertained by careful experiments that the 
maximum blow of a .5-cwt. double-acting stc^am- 
hainmcr, with moderate steam pressure, pro- 
duces a crushing effect upon a piece of hot iron as 
great as that produced by a load of about 30 tons, 
and a A-ewt., double-acting stearn-liammcr, a 
crushing effect equal to that productnl by a load 
of about 2.1 tons. JOSEPH 0. HOKiNKR 
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HALF-TON STEAM-HAMMER, . WITH SELF-ACTING 
AND HAND -WORKED VALVE GEAR 


From photographs by courtesy of Messrs. B. and 8. Massey, Manchester 
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Spanish: Conditional Mood« Indefinite Adjectives and Pronouns. 
French: Demonstrative Pronouns. German: Strong Verbs. 


SPANISH "Tr.'iir' 

Conditional Mood. Tho conditional mood 
is formed by adding the terminations ia, iati, 
iamos, iaid, tan to the iniinite of all regular verbs. 

• 

Conditional Mood of Comprar 
Singular Plural 

cornprar-ia, I should comprarAamm, we should 
buy buy 

comprar-tas comprar-iais 

comprar-ia comprar-kin 

Second Conjugation : beber-ia, beber-iaSy etc., 
1 should drink. 

Third Conjugat ion : cumplir-i(U cwmplir-ins, 
etc., I should fulfil. 

When the future tense of a verb is irregular, 
the condiiional mood is formed by adding the 
above terminations to the stem of the future^ 


In Jin He 

Future 

Condiiional 

saber, to know 

sabre 

sabria 

poder, to be able 

podre 

^xnlria 

declr, to say 

dire 

diria 

salir, to go out 

said re 

saldria 


Tlu' conditional mood of i<er and eatar is regtdar, 
— serin y esfarm ; that of lener and haber is 
irregula r. — temlriay habria. 

Exkrctse XXXI 

the failure el jracaso the excess clexceso 
a ])ort vn puerto twpenses (jaslos 
to imply implicar to appoint nonibrar 
CKmsignoo wusujnatario 

on any account tie n inguri tnodo 
representative agente 
by sailing vessels jpor barcos de vela 
1. Would you sell it at that price? 2. No; 
it would bo a" failure. 3. VV'^hat w'ou Id you advise 
me ? 4. t should cx]ilain it to him again. 

5. The consignees would not i)ay the excess 
on any account. 0. Do you think that it would 
be cheaper to send the goods by sailing vessels ? 
7. We should have to a]) point representatives 
in several ports. 8. Woidd it not be better to 
wait ? 9. 'J’hat would imply greaU-r expenses. 

Indefinite AdjectiVes and Pronouns. 

The following indefinite adjectives and pronouns 
take the gendiu* and number of the substantive 
1 o which they refer : 

how much ^ cuanto ? much inucho 

too much denwsiado little poex) 

any, some alguno none ningtino 

same tnisfuio all, the whole iodo 

other, another oiro 

“ How many ” is rendered by cuavt-os, o.?* ; 
“ many,” by mticJi-os, -as ; “ too many,” by 
dema»iad-os, -cw ; and ” few ” by poc-osy -as. 
“Any” and ‘ used as partitive 
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By Jose Pla -Carceles, B.A. | 

adjectives in front of a singnliir noun are either 
omitltnl or translated by un paco de (lit.,, a little 
of ). — compre Vd. came (or un poco de carne)y 
buy some meat. W'lieri the following noun is 
in the plural, “ soim; ” and any ” are either 
omitted or nmdtTed by algunos or unos . — 
j tieue Jiermams ? has slui any brothers ? 

The words algo, something ; nada, nothing ; 
alguien, anybody, somebody ; and cadn, each, 
every, are invariable. After a negation, “ any- 
body ” and any ” an^ reH[)ectively rendered by 
nadie and ninguno.- no ha escrito d iiadie, she 
has not writtem to anybody. 

Exfkcisk XXXI f 

to meet encxnttrar the frontier /cm 
to stop parar an armchair un sillon 

the circular la circular comfortable a)///odo 
a branch vnn sucursal \mi\ivd imprew 
the things las cows I think so creo(juest 
the garden el jardin by post por correo 
Heotland Escocia Colombia (\)lombia 
both a mhos the back la espahia 

a hand kerehic'f n n pa ii uelo 

the opi nion la opi n ion 

an application nna solicitud 

1. How many printed eireiilars did you send 
by i)OHt ? 2. t have not sent any today. Ik 

itas anybody b<‘(‘n hero this morning ? 4. No, 

sir ; nobody has come. 5. usc*d to Hj)e-nd 
too much money, fi. That bank has too many 
branches in (’olombia. 7. Please give me some 
more milk. 8. Do you wish anything? 9. No; . 
I do not wisli any tiling. 19. Do they sell 
any Gennau newsjiapers? 11. 1 think so. 12. 
Where did you buy tlioso handkerchiefs ? 13. 

I bought all the things at the same shop. 14. 
Each house has a small gardtai at the back. 

1.5. All (the) trains stoj) at the frontier. 19. He 
has given me sometliing. 17. We met some 
friends at tlu^ theatre. 18. The other armchair 
is more eomfori-able. 19. We receive^ very few 
orders from Scotland. 29. Doth are of the same 
opinion. 

Some Remarks on the Adjectives. 

There arc many adjoctivos which cun be used 
as nouns and then become subject to fll the 
rnk‘S governing substantives, as, for instance, 
joreuy young ; un joreuy a young man ; Jrances, 
ETench ; nn Jrances, a Erencliman. 

Grande, great, when it implies merit, loses the 
final syllabic and is placed before the noun. — 
tin gran pintor, a great painter. When it refers 
to size it is placed after the noun. — un edijicio 
grande, a largo building. 

The masculine adjective sanio, saint, drops 
the last syllable before aU proper names except 
Deymingo, Ti/ribio, and Tomas. — San Jose, Saint * 

(Ti sir ~ T atTn ENGLISH 
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Joseph ; Santo Tomas, Saint Thomas. The 
feminine sankt is invariable . — Santa Lucia, Saint 
Lucy ; Santa Isabel, Saint Elizabeth. 

Diminutive and Augmentative Suf- 
fixes. Diminutive and augmentative suffixes are 
terminations applied to nouns and adjectives, 
qualifying their original meaning. Their correct 
, use is rather dilTicult, and can only bo learned 
properly by practice. Students sliould therefore 
iH^frain from using them until they master the 
language. In the meantime, adjectives should 
always be used in their place. 

Diminutives express smallness, fondness, and 
sometimes pity or contempt. The chief diminu- 
tive t<*rminations are ico, ito, illo, utlo. All 
these terminations change the final o into a in 
the feminine. 

Thi; principal augmentative terminations are 
OH, azo, ole in th(i masculine, and ona, aza, ota 
in tile feminine. Tlie.se t(^rminationH simply 
imply largeness, but acJiotb further expresses 
clumsiness and contemiit. Diminutives aix} fre- 
quently applied to proper names. Examples 
of both typos of suffixes are : mm cosita, 
a little Jiouse ; tm perrazo, a big dog ; la calk- 
juela, the narrow lane; mut niujermut, a big 
woman ; el cigarillo, the cigarette ; uti horrachon, 
a drunkard ; nu mitchaclwle, a big boy ; mb 
hamhton, a hungry fellow; mi poqidto, a little 
bit; Fepik), Joe; Anita, Nancy. 

Rkaiung Exercise 
El Publico 

Esa voz “ publico,” que fodos traen cu iioca 
sicm]jre, cn a[)oyo de sus ojiiniones, cs(‘ comodin 
do todos los partidos, do todos los pareeeres, 
I os una palabra vacia de .seiitido, 6 es im cute 
real y efeetivo ? Seguii lo mucho que^ so ha Ida 
de 61, segun el papelon (pie on el mundo haec‘, 
segiin los epitetos (lue so le prodigaii, y las 
coiiHid(*raciones que se le guardan, parcce que 
dtdie de sor alguien. El publico es ilustrado, el 
piiblico (*s indulg(‘nte, el publico es imparcial, el 
[lublico es rcsjietable ; no hay Vluda, iiues, eii 
que existe el pviblico. En e.ste supue.sto, 

I Qui6n es el publico y domic sc le encuentra ? 
Salgo do casa con mi cara infantil y bobalicona 
a buscar al publico por esas calles, y a tomar 
apuntaeioucs en mi eart(‘ra aeerc-a del carActer, 
por mejor decir, de los caracteres distintivos de 
ese respetable seiior. Reuno mis iiotas y ru^s 
coiifuso (pie antes aijerqa del objeto de mis 
})(‘sqiii.sas, llego A iriforinarme de personas inds 
ilustradas que yo. Un autor silbado me dice 
euando yo le pregurito, ” 4 Qui(;n es el pu- 
blico ? ” “ Preguntadme mds bien cuantos necioa 
se necesitan para componer un publico. ” Un 
autor aplaudido me responde, “ Es la reunion 
de personas ilustrados que deciden en cl teatro 
del inorito de las produccionos literarias.” 

Translation of Reading Exerclse 
The Public 

This word “ public,” which is always in every 
man’s mouth in support of his opinions, this 
accommodating servant of every party and 
every opinion, is it a word void of meaning or is 
it a real and actual living being ? According 
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to the amount of talk there is about it, according 
to the prominent part it plays in the world, 
according to the titles lavished upon it, and the 
consideration shown it, it seems as if it ought to 
be somebody. The public is enlightened, the 
public is indulgent, the public is impartial, the 
public is respectable. There c.an be no doubt, 
therefore, that the public exists. Such being 
the case, who is th(> public, and where is it to bo 
found ? With a youthful and ingenuous counten- 
ance I leave my house to search for the public in 
the streets, and to take notes in iny pocket-book 
of the character, or rather of the distinctive 
characteristics, of this worthy gentleman. I 
gather up my notes more perplexed than ever as 
regards the object of my inquiries, and seek 
information from persons more learned than 
myself. To my qiKistion “ Who is the public ? ” 
an author who has been hisst‘d replies, ” Ask mo 
rather how jiuiny fools are rt‘quired to make 
a public.” An author who has been applauded 
replies, “ It is the assembly of enlightened 
persons who decide upon the merit of literary 
productions in the theatre.” 

Key to Exerctse XXVIl 
1. Haga Vd. el favor (h* (*nviarnos los generos 
franco a bordo. 2. ilhianto pagaba Vd.? 3. 
Quiime pesos al mes. 4. iOiiando sc lo ex])licarA 
(a <41os) ? 5. Ya sc lo ha explicado. 6. Es- 

penune Vd. fuera. 7. ^Sabe su socio espanol ? 
8. IMuy poeo, })er(.) lo esla estiidiando ahora. 1). 
I IVactica con Vd. alguiias v(H^es ?. 10. No, 

nunea prueba a hablar eonmigo. 11. Yo lo 
hablaba bast ante bien pero easi lo he olvidado. 
12. I Iran Vds. al teatro (*sta noehe ? 13. Creo 

que no ; siem|>r(^ llegan dt‘masiado tardo. 14. 
Haga Vd. el favor do decirme e-omo i)n)nuneia 
(‘sa palabra. 15. ('on mucho gustcj. K>. iDonde 
vere a Vd. des[)ues ? 17. Estare aqiu, dontro 
de una hora. Adios. IS. Sabo Vd. si las 
otieinas estan arriba ? 10. No, seiior ; ahora 

estan abaj :). 20. No tieno ni amigos ni pariemtes. 

Key to I^xer(Tse XXVI If 
1. I ('omprendio Vd. la caneiou ? 2. No; 

eant() en italiano aqiicJla noehe. 3. Esperamos 
dos boras por lo menos ; ; a (pies hora llego el 
treii ? 4. ^las tarde que nunea. (.-asi k las oeho 

y media. 5. Cuanto le costo {k Vd.) el viaje ? 
i). Tome un billete de: ida y viielia (pie es mueJio 
iiuis barato. 7. i (Uiando eomen/aron los con- 
tratistas a construir el mutJle ? 8. Creo (pic 

eornenzaron poeo desjiues de Pascua. 9. i Com- 
])rob6 Vd. todas las facturas ? 10. No ; no 

tuvo ti(‘mpo ]>ara comprobarlas todas. 11. 

4 Llovio ? 12. Solamento por la noehe. 13. 

4 Esperaron en casa ? 11. No; salieron 6. salu- 

daiie. 15. i Dondo aiielo el vapor ? 16. En 

medio de la bahia. 17. No comprendo porque 
no contestaron mi telegrama en cl aeto. 18. 
I iSabc Vd. lo que deeidieron respecto al viaje ? 
19. Si; acordaron viajar con 61 hasta Vigo, 20. 
i (Quanto tiempo duro la batalla ? 21. Un par 

do horas. Segun la ultimas noticias dos regi- 
mientos tomaron la fortaleza por asalto. 22. 
Vd. habla ingles muy bien ; i dondo lo aprendid 
Vd.? 23. Estuve nueve meses en Londres 
donde tuvo un profesor muy bueno. 
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Kby to Exercise XXIX 

1. Veinte buqnos. 2. Cincuenta y tres chclines. 
3. Sctenta y n\ievo paginas. 4. Cuarenta y 
cinco cajas de azucar. 5. Ciento sieto libras. 
6. TrcBcientoB sesenia y cinco dias. 7. Seia- 
ciontos trece. drbolcs. S. i Cuantos afioa tiene 
ahora ? 9. Ticno sctenta y cinco. A los vein- 

titr^s anos de odad inandaba una fragata de 
ochenta y cuatro canones. 10. i Que edad 
tenia Vd. entoncos ? 1 1. Tenia quince anos. 

12. En mil setecipntos Da vena nt calciilo la 
produccion anual do todas las minas dt? Tngla- 
terra entre sotecientas y ochocientas mil libras. 

13. K1 6,rea del CanadA, cs de trea millones 
cuatrocientas sctenta mil millas cuadradas, lo 
dial es casi equivalente A la superficie territorial 
de Encopa. 14. Laa bajas del encmigo fiieron 
mil cincuenta hombres muertos, mil setecientos 
heritlos y dos mil quinientos prisioncros. 15. 
En mil ochocienios cuarenta y cuatro, cl ingreso 
Hquido de Las aduanas de Liverpool as(!cndi6 k 
cuatro millones trescientas scsenta y cinco mil 
quinientas vcintiseia libras, un chclin y ocho 
peniquea. 

Key to Exercjtse XXX 
1. Fuma un par do pi pas dcspucs de la 
comida. 2. Yo viajaba en terccra claso. 3. 
EstAn viviendo aliora en cl quinio piso del mismo 
1 ‘dilicio. 4. Lo lei en el primer caiiitulo. 5. 
4 Lo presto Vd. el tomo A^unto ded a Biblioteca 


DEMONSTRATIVE PRONOUNS 

1 . The Demonstrative pronouns {pronoms 
demomtratifs) are: 

ce, il', that ; ceci^ cela, this, that ; ceJtd (m), 
celle (f). that, the one; cewx (m.), cellea (f.), those; 
celui-ci (m.), celle-ci (f.), this, this one, the latter; 
ceux-ci {u\.), celles-ci (i.), these, the latter; celui- 
/d(m.), celle-ld (f.), that, that one, the former; 
ceuxdd (m.), ceJIes-ld (f.), those, the former. 

2. Ce as a demonstrative pronoun is used 
either (a) before etre (which may be preceded by 
a third person singular of pouvoir and devoir) 
or (b) as antecedent of the relative pronoun, the 
two together meaning “ what,” and ce qui being 
used as subject, whilst ce que is used as object: 

cest lui, Ui is ho ; 

pe'iUiMre lui, it may be ho ; 

' e doit etre Ini, it must be he. 

Ce qui eU vrai n'est pas ton jours agreahle, what 
is true is not always pleasant ; ce que t:ous 
tn'avtz dit esi-il vrai ? Is what you have told 
me true ? 

3. Ce is used instead of il, elle. Us, elles before 
the verb Hre, when that verb is followed by a 
noun having an article, a demonstrative 
adjective, or a possessive adjective before it: 

Qui est ce monsieur ? Cest le pere de mon 
amL Wlio is that gentleman ? He is my 
friend’s father ; 

Qui est cette demoiselle ? C' est nia sour. 
Who is that young lady ? She is my sister . 

Qui sont ces messieurs ? Ce sont des amis. 
Who a»re those gentlemen ? They are (some) friends. 


Espaiiola ? 0. Desombarcamos en Valparaiso el 

ventiuno de Diciembre do mil ochocientos 
setonta y nueve. 7. 8u muj<»r nacio el seis do 
Enero de mil ochocientos ochenta y seis. 8. El 
treinta de Agosto senl el cumph‘anos de su primer 
hijo. 9. i Que fecha es hoy ? 10. El diocinuevo 

de Febrero. 11. Felipe Tercero ascondio al 
trono de Espaha (*n mil quinientos noventa y 
oeho. 12. Fn mil euatrocientos noviaita y tres, 
el Papa Alejandro Sexto concedio H los reyes 
(^itolieos derechos exclusivos aobro el Nuevo 
Mundo. 13. El Emperador (^irlos Quinto expiro 
el veintiuno de Septiembre de mil (piiniontoa 
ein<!uenta y oidio, ii la (’dad de eineuenta y oeho 
anos, eis meses y vc’iiitleinco dias. 14. Al final 
del siglo dieeisicte la poblaeion de Inglatorra (U’a 
do cinco millones dosci(‘iita.s mil almas. 15. El 
arqiieo de los vapori’S del puerto de Loiidros 
ascendm, al final de mil ochocientos eimaienta y 
euatro, & cii'iito treinta y oeho mil toiudadas, 
sin contar los bn([ne.s dc^ menos do einenenta 
t oneladas. 1 0. En el nunado de ( Carlos Sogundo 
- eseribti Macaulay — ni una sola eiiidad pro- 
viueiana d(‘l nano e.onteina treinta mil habitantes 
y solamente euatro teiiian di('z mil. 17. Durante 
un cuarto de siglo, la propon*i(Sn d(^ naeimientos 
en Italia permanocio casi estacionaria A tnnnta 
y siele i)or mil. 18. Un.a pulgada es ignal un 
dcxanivo de pie. 19. Cuatro mil (piiiiicntas 
sesemta y Ires cienmihSsimas. 

Continued 

By Louis A. Barbe, B.A. 

4. Wh('n the noun whi(‘h folIoAvs etre is not 
accompanied by an artie)(‘, (‘U’., it has the 
value of an adjivtive. and the verb is tlien 
pn^ceded by il, elle. Us, riles : 

II est Holdal, he is a soldier ; 

Elies sont institutrices, they are gova^niessns. 

5. When a third person singular of “ to Is^ ” 
is preceded by “ it,” and followed by an adjective, 
the “it” is rendered by il if the adjivtive 
applies to a statement that is going to be made, 
and by ce if it applies to a statement that lias 
just been made : 

Je ne. le connais jms, e'est vrai, 1 do not- know 
him, it (that) is true ; 

11 est vrai que. je. ne le connais pas, it is true 
that 1 do not know him. 

(). Ccri, this, and cela, tliat (contracted into 

in ordinary conversation) do not nder to 
any noun mimtioned before ; tiny can only be 
used in eonnoetion witli objeads, and not persons ; 
and they havt^ no plural ; Ccci refers to the 
m*arer object point'd out, and cvla to the more 
remote : 

Je naime jxis reri, donnez-moi cela, I do not 
like this, give me that. 

7. Ceci, likci “ this,” in English may refer to 
a statement tJiat is going to be made ; and ceM, 
like “that,” to a statement just made: 

Helenez bien ceci : Le fxiin que nous gagnnns 
est le meilleur, bear this well in mind (lit., retain 
this well) : the bread we earn is the best. 

La pratique rend maitre, n'oubliez pas cela, 
practice makes perfect, do not forget that. 
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8. Cdui, ceUe, ceux, celles, without either ci 
or la added to them, are used only in two con- 
structions : Ist, before a relative pronoun ; 
2nd, before the pro^sition de. The latter 
construction renders the English possessive: 

Taime mieux voirt livre que cdui que fai, 
1 like your book better than the one I have ; 

Je Vaime mieux que celui de votre fr^re, I like 
it better than your brother’s. 

POSSESSIVE PRONOUNS 

1. Possessive pronouns {pronoms possessifa) 
of which the agreement, like that of the possessive 
adjectives, is with that which is possessed, and 
not with the possessor, are ; 

Mas. Sing. Fern. Sing. 

Ist per. sing, le mien, la mienne ; mine 
2nd per. sing, le tien, la tienne ; thine 
3rd per. sing, le sien, la aienne ; his, hers 
1st per. plur. le noire, la ndtre ; ours 
2nd per. plur. le voire, la voire ; yours 
3rd per. plur, le leur, la leur ; theirs 

Mas. Plur. Fern. Plur. 

1st per. sing, lea miens, lea miennea ; mine 
2nd per. sing, lea liens, lea tiennea ; thine 
3rd per. sing, lea aiena, lea siennea ; bis, hers 
1st per. plur. lea ndtrea, lea nolres ; ours 
2nd per. plur. lea vdtrea, lea votrea ; yours 
3rd per. plur. lea leur a, lea leura ; theirs 

2. Possession is also expressed by means of 
the verb etre, followed by the preposition d and 
a disjunctive personal pronoun ; 

Ce cheval eat d lui, that horse belongs to him. 

There is, however, a difference between d moi, 
etc., and le mien, etc. Ownership, and nothing 
else, is implied by d moi, etc., whilst le mien, etc., 
is used to distinguish the ownership of one object 
from that of others : 

Cette hague eat a moi. That ring belongs to me ; 

Cette hague eat la mienne. That ring is mine 
(the others are not). 

3. The English expression “of mine,” etc., 
is rendered, not by the possessive pronoun, but 
by the possessive adjective : 

He is a friend of ours, C' eat un de noa amis. 

4. A moi, d toi, etc., are used with the other 
possessives, both adjectives and pronouns, to 
emphasise them : 

Est-ce de ma favte, d moi, quHl n'ait paa 
reuaai f 

Is it my fault if he has not succeeded ? 

5. A moi, d toi, etc., preceded by ce -f eire and 
followed by d or de with an infinitive, form two 
idiomatic expressions expressing respectively 
duty, province, privilege, etc., and turn : 

C'eat d voua d comma^er, e'eat d lui d obiir. 

It is your province to command, it is his duty 
to obey. 

C*eat d voua de jouer, it is your turn to play. 
Exercisb XVII 

1. This pen is good, but that is better. 

2. She *has shown (montri) mo her hat and 
her S’st^r’g, 

3. I like ours better than theirs. 
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4. If it is not he, it is his brother. 

5. Who are those young ladies ? They are 
our cousins. 

6. Is this gentleman a barrister (avocai)F 
No ; he is a doctor {nUdecin). 

7. He is one of our most distinguished {dia- 
tingue) doctors. 

8. I do not know that gentleman ; I have 
seen him once or twice, it is true, but I have 
never spoken to him. 

9. It is true that we have never spoken to 
him, but wo know (connaiaaona) him very well 
by sight {de vue). 

10. Have you done that ? No, it was (is) 
not I. it was he. 

11. If you have any finer engravings (gravures, 
f.), show them to me ; I do not like these. 

12. What you have just read (venez de lire) is 
very interesting, but it is not true. 

13. This room is smaller than ours ; it is the 
smallest in the whole house. 

14. Give me another handkerchief, please 
(a'il voua plait) ; I have lost mine. 

16. Our flowers aie beautiful, your sister’s 
are still (encore) more beautiful, but yours are 
the most beautiful. 

16. That ring is not mine, I have none ; it 
belongs to a friend (f.) of mine. 

17. It is not her ring that she (quelle) has lost 
(perdue) ; it is mine. 

18. Wliose turn is it to play ? It is yours. 

Key to Exercise XV 

1 . Je cherche mon livre et mes plumes. 

2. Vous avez parl6 k mon frore et a ma sceur. 

3. 11 a donne un cadeau a son ami. 

4. II me cherche. 6. Elio vous parle. 

6. Nous lui avons donn6 une montro. 

7. 11 ne leur parle pas. 

8. Leur a-t-elle donne un cadeau ? 

9. A-t-il trouve sa montro ? 

10. Je te donne cela, me dit-il. 

11. Donnez-le-moi, nous dit mon pere. 

12. Aoheto toi un parapluie. 

13. Nous nous levons tous les jours a sept 
heures. 

14. 11s no se couchent jamais avant onze 
heures. 16. Nous le leur donnons. 

16. Elle vous la prete. 

17. II nous en a donne. 

18. Vous nous cn avez parle. 

19. Si vous avez de I’argent, donnezdui-en. 

20. Ne lui en parlez pas. 

21. Nous ne nous y opposons pas. 

22. Si vous cherchez vos gants, les voici. 

23. Vous vous trompoz. 

24. Ils se flattent. 

Key to Exercise XVI 

1. Ils Bont contre moi et pour eux. 

2. Elle ne se fie pas k lui. 

3. Qui avez- vous vu ? Lui. 

4. Qui leur a repondu ? Eux. 

6. ^i est 1^ ? O’est moi. 

6. Nous irons ensemble, toi et moi. 

7. n nous a pari4, k lui et & moi. 

8. Nous y avons plus souvent qu'eux. 



0. Elle est plus intelligent que lui. 

10. Eux, que nous croyions nos amis, nous 
ont trahis. 

11. II travaille, lui, mais toi, tu ne fais que 
jouer. 

12. Lui dire une telle chose ! 

13. Eux ont fourni I’argent, lui a b&ti la 
maison. 


cmoup 

14. Si vous ne me croyez pas, moi, le croirez- 
vous, lui ? 

15. Cet enfant a 6crit la lettre lui-meme. 

16. Elies m’ont dit elles-mdmcs qu’ellcs 
viendraient ce soir. 

17. IIs ne sont jamais chez eux le soir. 

18. Chacun pour soi et Dieu pour tous, 

C(mti nued 
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XXXIV* Substantives only used in 
THE Singular. Many (d)straci nouns which, 
being in themselves collective and synthetic 
terms, have no plural, as : tie gurcbf, fear, 
terror ; ber S'leiD, envy ; ter splendour ; 

ter avarice ; tie 3iu^ent, youth ; tie Unfc^ult, 
innocence, etc. ; such concrete, nouns, as : ter 
©ant, the sand ; ter ©c^nee, the snow, etc. ; and 
all nouns that are not substantives, but are used 
substantively, as : ta6 llaui^cn, the dancing ; tad 
\Hu§eror'tentUc^e, the extraordinary. The concrete 
effects of abstract ideas and actions form a plural 
either in the ordinary way, or by circumlocution : 
tie 3)umm1)cit (a.), stupidity ; tie JJuimn^eiten (p/.), 
acts of stupidity, foolishness; tad ®iu(f («.), luck, 
fortune; tie @lucfdfd((e (p/.), strokes of luck; 
tad lln'^lucf {s\ misfortune ; tic Un'^liicft'fdUe (pi), 
strokes of misfortune ; ter ^©etruQ' (d.), fraud ; 
tie ^etru^evei'en (pZ.), fraudulent acts ; ter iTanf 
(if,), thanks ; tie JDauf'begei'QUugen (pZ.), expres- 
sions of thanks. 

1. The names of materials have as a rule 
no plur;»l, but where different kinds of one 
material are concerned a plural can bo formed, 
for instance : tad (d.), wood, tie •ijcljer (pZ.), 
different sorts of woods ; tad (^5clt (d.), money, 
tie ®elter(pZ.), the sums; tad ®rad (d.), grass, 
tie (SJrdfcr (pZ.), the grasses ; tad ^Utrci'te (d.), 
cereals, tie (^etrci'teavten {pi.), the different 
kinds of cereals ; tad Jtcvn(d.), corn, tieJtciner(pZ.), 
the grains. 

2. Some collective nouns are only used in the 
plural; tie (Sttevn, the j)arcnt8; tie C^Jefctnn'fler, 
German collective for brothers and sisters ; 
tie ©fbruter, brothers (when defining a business 
firm : ©ebniter •^opc, Hope Brothc^rs) ; tie 8cwte, 
folk, people ; tie Ofleni, Easter ; tie ^fingjlen, 
Whitsuntide ; tie tVajlcn, fasting,. Lent ; tie Se'ricn, 
the vacation, holidays ; tie lattcrn, smallpox ; 
tie SJla'fern, measles ; tie 3i«fftt, interest (on 
capital), etc. Collective nouns denoting mountain 
rauges : tic ^llpett, the Alps ; tie 5lntcn, the Andes*; 
tie iSovtilleren, the Cordilleras ; tie aio^e'fcu, the 
Vosges; but ter 3ura (d.), ter §avj (d.), ter 
^ISalfan (d.). 

XXXV. The Demonstrative Pronouns 
are: ter (m.), tie (/.), tad (n.), that (not to be 
confounded with the definite article ter, tie, tad) ; 
tiefer, this ; jener, that ; fclc^er, such, or such a ; 
tcrienigf, he, or that ; terfelbe, the same ; (the two 
last being compounds of ter and icnige, and 
ter and felte), each with three genders and one 
plural form. 

The declension of the demonstrative pronoun 
differs onlv in the variation of the 
genitive and dative from that of the definite 
article. 


Singular 
nom, ter, tie, tad. 


that 


dai. 

acc. 


j of that 

tern, ter, tem, to that 
ten, tie, tad, that 


TDcd (be ffen), 
gen.l ter (teren), 
Itfd (be ffen),. 


Plural 

tie those 

ter (t e r e n , 1 

also Vof those 

terer), J 

ten (tenen), to those 
tie those 


1. The alternative genitive and dative form 
(teffen, teren, tenen) is employed when the pronoun 
is used substantively : iDie 'IMatfer ter ISidie untcis 
fc^eiten itch tenen ter Rappel, The loaves of 
the oak differ from those of the pojdar. 

(Imdant iiidif fo inelc ©oltatcn ^at aid iDeutfcblant 
oter granfreic^, bat ed teren ^eiiu^, urn feiue JfoUmien 
pi pertcitiepn, Although England has not as many 
soldiers as Germany or France, it has enough 
[of them] to defend its colonies. 

(a) $)epen and teren are also used as substitutes 
for the possessive pronouns f e i ii , his, and i I; r , 
her, to avoid ambiguity. Example : ter 33atev 
erpiblte lunife inem Rvennte nut feincr iHeifc, The father 
spoke of his friend and of his journey. It is not 
clear whether the journey is that of the father 
or that of the friend; if the latter, teffe n must 
be substituted for feiner: ter 'ihitcr crjdl^lte i&cn 
feincm Sreunte unt rou teffen Olcife. 

{h) The alternative plural genitive terer is 
only used when followed by the relative pronoun 
treld^er and ter (who, which): Tad ^iiffmclrcitb 
ijl terer, U'clebe (tie) Weft rertrauen, The Kingdom 
of Heaven is of those [belongs to those] wlio 
trust in God. 

2. Tiefer, tiefe, tied (or tiefed), this ; and jener, 
jene, jened, that, follow the strong declension of 
the adjective [see XXVI.]. 

3. ©cld^er, fcldfje, fold^ed, such a, also follows 
the strong declension ; but if used with the 
indefinite article it takes the inflections of the 
weak declension: fol(b-em f^reimtc (strong), 
to such a friend; but einem folc^-cn ffreunte. 
Sometimes it is used in the shortened form fold^ 
for all three genders, followed by the indefinite 
article and without inflections : fclc^ ciu SWann, 
such a man ; fi>l(^ finer ?Vvau, of such a woman ; 
fol(b einem Sreunte, to such a friend ; fo(d[| tinen 
^Ilater, such a father, etc. 

4. In the compounds berjenige, tieienige, tadjenige, 
and terfelbe, tiefelbc, tajfclbe, ter-, tie-, tad- 
take the strong, and -jeni^e, -fetbe take the 
weak inflections. 

Singular Plural 

nom, terjeniije, terfelbe, etc. tiejenigen, tiefelben, 
gen, tfdjfniflcn, teffelben, etc. tevjeni^env terfelben. 
dot. temicnigen, temfelben, tenjeni^en, tenfelben. 
etc. 

acc. tenjeni^en, tenfelben, etc. tiejenigen, tiefelben. 
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Both these forms are always followed by 
the relative pronoun )i*e(d;cr, ete., or ter, etc. : 
IDerjcnige, njel^rr (or tev) aCinb fact, trirb <^tutm 
criitcn, He who sows wind will reap storm. 
JJ>crifniflf (orbev)3)laini iflbec ftarfftc, n}cld)cr(or ber) 
aflcin ijl, The strongest man is he who is [st/.iujjl^ 
alone, ©d irar bctfclbe 9J(amt, ben It 

the same man whom I saw. 

5. The neuters of the demonstrative pronouns 
are not used with prepositions, but are replaced 
by compounds of these prepositions with the 
adverb of place ba (bar before vowels) : bamit, 
with this (instead of mit bem, bicfcm, bemfdben); 
bar* on, of this, from this (instead of von bem, 
etc.); baburd^, through this; barau^, out of 
this, etc. Thtise contractions also replace the 
dative and accusative of biefev and jcner, and of 
the personal pronouns if they refer to inaiii* 


mate objects, lilxamples : ein ^etrc^r, 

[bide nid)t bamit. Here is a rifle, do not play with 
it (bamit replaces mit i()m, or mit bemfelbcn) ; ic^ matte 
barauf (instead of anf c«, or anf baffelbc), I am 
waiting for it ; mtr fprodjen ncc^ b a r iVb e v (instead 
of fiber batf, hber bicfcm, fiber ee),We shall return to 
this subject jwc will still speak about this]. 

6. The neuter demonstratives b i c ^ (lengthened : 
biefed)and ba^ are applied, with the auxiliary 
verb of tense f c i n , to substantives, wit hout the 
usual agreement in gender and number. JT^iee* 
(Diefee< or baef) ijl mein 'l^atcr’ bicti mcine Shutter, 
bied mein *ftiiib, nub biei? fiiib mcine ^c^meftern unb 
03 ruber. This is my father, this my mother, this 
my child, and these are my sistius and brothers. 

XXXVI. Most strong verbs with the stem- 
vowel -c- change it in the imperfect into -a-, and 
in the past participle into -o- and -c- (which in 


In KINITTVK 

Pkesknt Tense 

1., 11., III. Sinii^ular 

Iaii'k 

hidicative 

IFECT 

^Subjunctive 

Impera- 

tive 

Past 

Participle 


*N 


bcfcl)'lni 

to command 

id) bffcb'lc, bfficbhV, bcjtcl)(t' 

id) befa()(' 

id)bcfdb'U* 

beget)! 

bffol)'lcn 

bcr'c\cii 

to save, 
shell (ir 

id) bi'Vijc, bintft, btve^t 

id) barg 

id) barv^c 

btra 

i^cborcjcn 

bcr'ilcn 

to burst 

id) bcvftc, bivftcft, birfl 

id) barfl 

id) bavfle * 

birft 

^fborftfii 

bve\hcii 

to break 

id> bred'c, bvid'ft, bridd 

id) brad) 

id) brad)e 

br id) 

itebrod>en 

bre'fd)cn 

to thrasli 

id) bic|d)o, bvifd)rft, brifd)f 

id) brafd\ 
uiao bvcfd> 

id) bidfdc * 

brife^ 

3ftrof*d)i'n 

emvfcb'lcn 

to reeommeiul 

id) f«ivfcl)ie, empficblfl, 
fiuvjicbtt 

id) emvfabl 

id) ein^' 
Vfablf * 

emvgfbl 

fmbfcl)tea 

erfd;rc'rfcn f 

to terrify, to 
hi) friglitene<l 

id) cvfd)vc4fc, crfd)virf(t, 
fvfd)viift 

id) fvfdrat 

id) cvfdrafc 

frfdnid 

eri'drodcn 

i^d'tcn 

to tell, to 1)0 
valid 

id) v\clte, lyltfl, vytt 

id) aalt 

id) ♦ 

aiit 

^fv^oltfU 

berfett 

to lielp 

id) bflfc, ()i(rTt, bilft 

id) t)alf 

id) bulfo 

bilf 

3cI)i'Iffn 

ncl)uieit 

to take 

id) nebme, iiinniift, nimmt 

id) nahin 

id) nabuic 

utntm 

iKni'minm 

t\bcl(cn 

to scold 

id) fd)iitc, fdnltft, fd'ilt 

id) fd>alt 

id) fddlre * 

fd)ilt 

3fi‘d>i'lrfn 

IVrod'cn 

to s]M‘alv 

id) uncd'c, fvridnt, fvviiJ)t 

id) Unad) 

id) fvidd)e 


iV'fvri'd)fn 

fte'd)cn 

to sting 

id) ftfd)c, ftidM't, ftid)t 

id) ftad) 

id) ftvid)c 

ft id) 

^cftod'cn 

ftcbleii 

to steal 

id) ftd)lc, fticblft, fticf)lt 

id) ftai)l 

id) ftdblc * 

fticl)i 

ly'ftcblcn 

ft c r b c n 

to die 

id) ftcvbe, ftirbft, ftivbt 

id) ftvub 

id) fturbe 

ftirb 

^eftorben 

treffen 

to hit, to iiieet 
with 

id) tveffe, tviffft, trifft 

id) traf 

id) trdfe 

trirf 

v^etroffen 

vcrbcr\^rn 

to hidt) 

id) vcrbcrv^c, vcrbin^fl, vcvbii\V 

id) verbarv^ 

id) I'crbar^v 

ocvbir^ 

verbonvi* 

vorber'bcn 

to s})oil 

id) mberbe, vcvbirbjl, vcvbivbt 

id) rrvbvub 

id) vcrbiirbe 

verbiri) 

vcrbcrbfii 

mcvbcn 

to enlist , woo 

icb merbo, mivbjl, mivbt 

id) mart 

id) mfivbe 

mirb 

v^cmcrlvn 

merfen 

t 

to throw 

id) UH-vfe, mivfft, mivft 

id) mavf 

id) miirfc 

mirf 

^emcvfeii 

effen 

to eat 

id) ffle, ifffft, i)Tt 

id) ag 

id) dgc 

ig 

iVdfiTfit 

freffen 

to cat (devour) 

id) froK, frilKft, fvifft 

id) frag 

id) frvige 

frig 


v^cben 

a e n e 'f c n 
v^efcbe'bcn 

to give 

id) vybe, c^ibfl, ‘^\H 

id) vtab 

id) 

flig 

ge^fben 

to recover 

id) Qeneft 

i(^ i^fuaii 

i(b gendfe 

a«itf?(e) 

flcnefen 

to happen, to 
take place 

fii ip'fd) if i)t 

cfJ gefd)al) 

ed i 3 efd)dbe 

'aff^eiXe) 

3efd)fl)en 

Icfcn 

to read 

id) Icfc, liffcjl, licfl 

id) la« 

id) Idfe 

lied 

aclefen 

mcffeit 

to measure 

id) lufife, mitKllr mifft 

id) mag 

id) mdge 

mig 

^cineffen 

Kbcn 

to see 

id) fct)f, ficl)jt, jicl)t 

icb fal) 

icb fdl)e 

fud) 

^efct)en 

tre ten § 

to step 

id) trete, trittfl, tritt 

i(^ trat 

id) trdte 

tritt 

^etreten 

venv’fTcn 

to forget 

I id) Vf v^effe, vfv^ifTcfl, 

i(b vevi^ag 

id) veri’^dge 

verflig 

ver^effen 

i^ebarcn 

to bear, to 
bring forth 

i id) t^ebdre, flcbierjl, Qcbiert 

id) flcbar j 

icb flcbdre 

v^bdre, or 
Qfbier 

gebereu 


* Also with c. t intransitive (without complement) strong: icberfe^^raf, I was 
frightened; as transitive (with object) weak: id) erfd^redte il^n, I frightened him. 

t To this group belongs also Qcbaren, to bear, which is to be found at the end of the list 
of this group. § Also with l^aben in the sense of “to tread on.” 
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the latter case means the return to the original 
stem-vowel). The verbs made prominent in print 
are conjugated with fein, all others with l)vibett. 

XXXVII. The Plural ok Prorjsr Nouns 
is formed ip German as rarely as in English. 
Proper nouns shaied by .several persons, and 
those employed in a collective sense, remain 
sometimes unaltered in the plural — bjr instance : 
tic beitcii fVranffiirt (pL), the two towns of Fiank* 
fort ; or add an - f, -eii, -n, -r, -c«, Viibiriv^ (.s-.), Louis; 
and tie bcibeii Ihibivu^c Svaiifioicb, the two 

Louis of Fiance ; but also tic lit iri.^ {/>/.), and 
bic ^ubunvF tic ficbcu (5'biiavbc ihmi C'i'iudanb, 

the seven Edwards of England (also bie (^biunb 
and bic CSbiiavbL') ; 'ilcavia or ^llavic (s.), Mat^' ; and 
bic Slbnicn r.ui c^dunilvutb, the Marys of Scotland. 
Proper nouns of Latin and Gieok derivation 
either remain unaltered or form t he plural like 
other sub.stantives of foreign origin. 

XXXVIII. The PouHLK Plural. .Seve ral 
substantives with the same or double gender, 
and with the same or ditleient meaning, foiin tlie 
[ilural in two ditlerent ways; 

Si)ujiihir Vlural Piurid 

ber document, t(c Vlftcii, bic acts 

act of a divinia documents 

ber ilhnib, volume, bic '^latibc, volumes 

tie, bond, bic 'Ihuicc, tic 'l^viutcv, 
ribbon fetters ribbons 

bic 'dVuif. bench, tic Ihiiife, bie ''Inmlcn, 

bic bank benche.s banks 

Ccr 'IVuicr, peasant, tic 'SviucriT, bic 'I3aucr, 
bvii^ !!liaucv, l)irdoage peasants birdcage.s 

tcr'lbuib, union, abiancobie lilb'nttc, bic 'Ibiiitc, 
bac< Jl3uub, bunch unions bunches 

bvirf Wcftd;t, face, vision bic Olcfic^to, bic Olcfid'tcr, 
visions faces 

ber Ihibcu, shop, tic^aben, bic \iaben, 

shutter sbo[)s shutters 

ber (»dnlt, .shield, bic '^dnlbc, bic '^dulrcr, 
bai^ ^diilb, signboard shields signb(>ard.s 

bev StraufL bunch of tie '3tiauj?e, tic ^traiiHc. 
flowers, CKstrich bunches of ostriches 

How CIS 

1. Several otlier nouns form a double plural 
without, and some with, dilfereiit meaning 
— ejj. ; ba0 Okijlmal (&•.), banquet, feast, bic 
male (pZ. ) and bic @aftma(cr (/>Z. ) ; ter Drt (.s. ), i»hice, 
locality, tie Crtc (/>Z.), places, and tic Crtcr, 
communities ; baiS 'l&cvt (».), word, bic 'liU'rte(pZ.), 
words, and bie 'llUu'tcr( 7 >Z ), words in the sense of 
vovables; bact Vanb («. ), country, bic Vanbe (pb) 
[rhetorical form], and bic \Jailbcr (pZ.) coiintrie.s. 

Etckkcise L Change the present t<mse of the 
scntence.s into (he imperfect and perfect. 

3tv7 Biiibc cituii .tlrait^; ber ’iUwl tact lKc() 

1 bind a wreath ; the bird sings ; the deer 
fvvin^t unb tvinft; ba3 'Jllcrf vplinc^t; ivir tvinfen 
jumps and drinks ; the work succeeds ; we drink 
ilBciu; ba^i ilBaifer ritnit iiict X^vd; er fduinmmt 
wiiiO ; the water flows into the valley; he swdiiis 
aiukFiicidjnct ; id) fitc im tyavteii; bac* i^dnff finft ; 
oxcelJently ; I sit in the garden ; the ship sinks ; 
bie tMli'ffe flii^t laut ; bet avme bittet um 

the bell sounds loudly ; the poor man begs for 
cine Untcrflu^un^ ; icb Qcminne bao ^picl; 
assistiince (aid) ; 1 win the game • 

IK 
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Exekctsb 2. Insert the missing demonstral ivo 
pronouns and other parts of the .sentences : 

(?in fclrcn ; ... ciu . ; 

i^uch a fritmd is rare : such a friend is rare ; 


is the sou of this man and of that w^)iuau ; 

mlr fvvad'cn imt(3) Uiubcii ; 

we spoke to this boy and to those men; 

vid 

she s])oke much of luu' daughter and of her 

(^■rfabninacii . . ; ber .t>immcl ift 

[the daughter’s] o.vperiencos ’ ; lliviveii is 

ypiabiiV bic ilpi annifcn ; bev 3aiFi‘ 

gracious to those wdio appeal to it ; ( hegamekee]H*r 
mavfdnevte himer feinem .)>cvin nub rnu\ 

marched behind his master and carried 

(‘‘kircbv . 

his [the mastor’sj gnu . 

K.\i;r('isk 3 (fl). Reair.iiigt* tlu' following 
stmleiicfs by putting the indeliiiite article 
before the demonstrative pronoun ; 

ift cine isrcui'c, fold) ciuen 2i.'l)u pi baben. 
It is a joy to have such a son. 

i2old)’ ciit Un'ipiictl sSrUb' ciiic‘,< "Iliannct’J ^rbn 
Such a misfort iiiu‘ ! Tlie son of such a man 
fclltc VHMt aiibcrcr 'drt I'ciii. 'illdc foiintcii 

ought to be of (litl’erent .st ufl' [kind], llow could 
^ic fold) ciuev isivui feld> cine lliibigliddcit fav^uV 
you sjiy so rude a thing to such a woman Z 
^dd) cin 'iav\ ift fd)vcdlidL ocUh ciucm .Uiuiftlci* 
Such a day is terrible. '^1\> such an artist 
mujj man fold) cinen ‘'vvvlum veigcibcii. 
one must forgive such a mistake. 

(h). Hearrangt? the fo >\\ing stmtences by 
f)utfing the deuionsl rativi* prmiouii before the 
iudctiiiite art icle : 

(sin fdd)cv v^fanbar finer fcld^cn .klci'niydcitl 
Such a scandal on accaumt of such a trifle I 
(Mncei fcld)cn ^llhuuico '[sfiidn ift Wrefuunt ; cincni I'oldH'ii 
Such a man’s duty is gtmerosily ; in face of such 
Un'idiht vVyV'iuVber ift ber 'IVcnfd) U'lbrlci’J ; cinen foldam 
a luisfortuue man is helpless ; such a 
?va(( babe ivt in cincr fold'cn i^amilio mat nidu cvlcbt ! 
ca.se T have ueviT i^xpericnced with such a family I 

Kkv to P'xkrctsks [PAiJK 22.‘ir>| 
Exkr(’isk 1. od) becilc mid'; er beeift fich; 
bulicbftbut; U'ir tetten inux; ivi) fade mir; <£'ie 
faden fid) ; ibr faipet cud) ; fie fiirddelen fid) ; icb batte 
mir '^'i^ batten nna rninirt; er uuirbe fid) 

dtdft i)abcn; fie nnterbvilt fid); mir untcrbielten uiie*; 
fd)ainen t^ic fid^ 1 rafiere bid) ! 

Exkruisk 2. od) babe einunbpvanpy^ .ffarten; 
er ^ab mir prcibnubcrteimmbfed)py^ 'Ibnnb fur batf 
tanfenb ncnnbunbcrt unb eiu« ; ber Vebret unter; 
rid'tct preinubvierpy] .(fnaben unb fiebenunbfunfpy^ 
SDiabd'cn, pifanuuen nenminbncnnpy] .(liuber. Cim 
ruffifd) iavanifd)en .kricyp UMirben prcibnntcrtfiebcn; 
inibiucrpdmifcnb fnnfi)nnbcrt nnb ad)tnnbncnnpy^ 
^^clbaten muMinbet — bnnbertfnnfnnboierpiVaiifenb 
incrbunberf nnb fiebcnunbbreif>iv^ 'IZnffeii unb bnnberts 
preitaufeub cinbunbert inib prciuiibtunfpy^ '.savauer. 
ilbtie riel ift'neniipbu unbbrcipbny pvciuubbrciguv, 
lucrpbn nnb nennV breimibprauptv rum cud) 

l)at te< idnemmeu. ccj umv be^v ccuc von bcu 

fiuif '^clbaten ; er mar ber “Ihiter px^eict v^ebne ; ^ 
er mar ber iJatcr veil pi'ci 0bbueu. 

Continued , • 
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GROUP 22-DRESS AND HOUSEKEEPING * THE WOMAN AT HOME-CHAPTER 18 

Preparation of Hat Brims for Fancy Linings. Velvet Binds and Crossway 
Folds. Preparing and Joining the Material. Making and Sewing in Bandeaux. 

HOW TO LIKE HAT BRIMS 


pVit’FEiiENT kinds of binds may bo used to 
^ make brims more becoming to the face of 
the wearer, and also to form part of the trim- 
ming of the hat. lk*fore a rouleau, velvet bind, 
or French fold can bo sewn to the liat, tlic brim 
must be prepared. 

H(?move the w'ire already on the hat , its it is 
generally too thick and will cause the rouleau to 
standout from the brim too much ; and, secondly, 
it is very often of inferior quality, and is sewm on 
with Btitclies bo far apart that it does nol 
answer the purpose for Avhich it is requir<jd — 
that is, to keep the brim in shape. A strong fijie 
silk support wire to match the straw' or felt is 
substituted, and, in the case of a straw hat, is 
sewn on the width of one straw in from the edgi‘. 

With open fancy straw it must b(^ .sewn on the 
part sufficiently strong to hold the stitches. Use 
wire stitch, and allow 2 in. on the wire to cross 
at the back [106J. The stitches must exactly lit 
the wire, and not be too far apart, or the wire 
will not set well round the (uirvcs. ('ontraetthe 
wire slightly for a tumed-up brim. 

on the rouleau with lillikins, or steel pins, 
over the wire 
[105], stretch it. 
slightly, cut away 
what is not 
wanted, allowing 
^ in. for turnings 
for the join. Undo 
the fold for a few 
inches on either 
side, and join on 
the cross [114]. 

If there is al- 
ready a join in 
the rouleau, see 
that the joins 
slant in the same 
direction, and her- 
ringbone tlie edges 
together again. Pin 
in phico and slip- 
stitch it to the hat 
just above the 
wire all round. 

The rouleau should 
lie quite flat, and 
no stitches must 
show on the right 
side. Felt hats are 
prepared in the 
same way, except 
that in smooth 
felts the stitches 
must not be taken 
through Ihe brim, but only through half the 
thickness of the felt. Use a very fine nei^dlo 


and cotton. Felt hats are often wired at the 
edge, mulled, and trimmed with a velvet, silk, 
or braid bind. 

Velvet Binds. For a velvet bind [97], 
iiK^asure round the edge of the brim. Most brims 
require one and a half to nearly two cross way 
lengths of velvcst about 3 in. wide. Shade and 
join the velvet. Pin it on the hat and join in 
a round. Press the seams. The joins are 
very difficult to manipulate and show the 
diff(*rence between amateur and profes.sional 
w’orkman.ship. 

Stitch it in on the outside of the hat w ith long 
backstitch, the right side of velvet to ujipcr side 
of brim. Turn over carefully and turn in the raw 
edge with the needle — on no c-rjcount use the 
fingers, which w'ouJd stretch the edge of the 
velvet. In boat shape, French sailor, or similar 
tumed-up brims, the bind, if carefully put on, 
will keep in place on the outside without any 
oth(*r stitching. For curved or tinted brims, the 
hind must be slip.stiti‘hed on the underside, in 
order to set it in tlic curves. A corded or plain 
rilihon bind to a felt hat is evenly stitched with 

twist, the same 
si/.o stitch showing 
on both sides of 
the brim. 

Another effective 
way of trimming 
the edge of tli(' 
uj)jK>r and under 
brims is by narrow 
cross way folds in 
velvet or silk [100], 
the fold of each 
row overlapping 
the raw edgi's of 
tlie previous oik.*, 
the last being 
finished with a 
rouleau or French 
fold. 

For a wide vel- 
vet or silk bind of 
1 in. or more wide, 
on cither side of 
the brim, measure 
round the edge, 
join the material 
in a circle, and 
press the seams. 

Fold the velvet 
in the centre, 
stretch the centre 
of the fold with 
the blunt end of 
the scissors ; be very careful only to stretch 
the centre — ^not the cut edges. Place this on the 



95-107. HAT-BRTM LININGS 


DRESSMAKlKGi MILLINERY, TAILORING, DOMESTIC MANAGEMENtCOOKERY, LAUNDRY 

2370 




GROUP 22 —DRESS 


edge of hat, turn in the raw edges, and slipstitoh 
top and bottom, being careful not to draw the 
velvet. 

Full gathered or rucked edges on hat brims in 
either vel'^et or silk are made of crossway pieces, 
in length twice and a half times the circumference 
of hat, and about 3 in. wide. Join them in a 
circle, mark the half and quarters also on the hat 
brim. Regulate the fulness evenly, and secure 
the material by the long backstitch to the brim, 
along the gatheiing thread. I’lini over tlie 
velvet and slipstitch down to underside of brim. 

A much softer elTect is obtairu'd 
by not pulling the fulne.ss tightly 
over the edge ; also by reg\ilating the 
fulness diayonalhj over the edge be- 
fore slipstitching it to the under 
brim [951. 

A <!ord run in a vclv(‘t tuck at 
the edge of ve lvet, drawn up to size 
of edge of hat, sewn on, tiui under- 
side turned in and slipstitched as 
exf)lained hefore, is another pn'tty 
linish (104]. 

Satin \\ir(‘s used un felt, velvet, or 
stra^^ hats are sli])stitched to hat 
brim, the stitches tiiken through the 
undersid(M)f silk Hlaineiit of the win', 
to prev(‘nt them showing when the 
hat is worn, and through half the 
thickness of brim in felt. 

For joining at the back, side, or 
wherever the trimming is likely to 
conn*, (‘an'fully undo tlu‘ silk tilament at each 
f‘nd ; cut away sonic of the cotton covering 
ivhich is underneath, overlap the two wires 
for 2 in., twist the cotton covering round them, 
and wind round the silk tilament again very 
gently. If ean*fully done, the join will ho 
invisihk*. Tf two wir(‘s an* to be placed very 
close to one another, there is no need to tinish 
ca(^h round ; the first one may be taken on to 
the next. 

Crossway folds of silk or ehilToii [102] for hat 
brims are cut 2 in. wide and joined in one kuigt h. 
Tack the edges together. Straw, felt, and velvet 
brims must first have a facing of mull, leno, or 
silk. Start from the outside edge, avoiding any 
joins showing in front of brim. Arrange each 
fold separately, slightly stretebing the outside 
edge. Stitch each row in position, hiding the 
switches of the previous ones. 

Chiffon Linings. Gauged chiffon linings 
[981 take from three to four and a half times the 
eircurafcrenco of brim ; of line tulle oven six times, 
.•md the depth, plus as many tucks as required, 
is not too much to obtain a good effect. 

Mark the half and quarter of the length, run 
three or more tucks at the edge ; pin, and sew 
on hat just above the wire. Make more tucks, 
regulating the distance according to the shape 
of hat brim. Pleat evenly in the headlines. 

Plain tucked chiffon linings are made w'ith the 
tucks about J in. to J in. wide, each just over- 
lapping the other. The tucks are usually run 
selvedge way, but they may be made on the cross. 
Slipstitcli round the edge of brim and gather the 
fulness in the headline. Chiffon or silk may bo 


gauged diagonally [101]. Draw up t he gatlicring 
threads. Ease on round edge of brim. Cut the 
silk on the cross one and three-quarters the dcfith 
of brim, and one and a half times the cin'umfer- 
ence. 

Pleated lace linings [96] have a tiny stitch 
taken cm each pleat. 

Fluted Uk'c linings [99] have a tiny stitch 
between each pleat, and tlie lace is pleated 
evenly in the lu'adlim*. 

Bcfids are sometimes used as trimmings. They 
are threaded on tine wire and sewn on with a 
stitch taken through the bead into 
the shape. The wire should bo held 
tirmly with the left hand. 

Soft felt, straw ilop, or capeline 
hat-s 1 108] are wired round the edge. 
These shape's also nt*ed four extra 
wires to give suppoit to the brim and 
crown. The wire is run for about 
IJ in. to 2 in. in ero^v^l. These are 
also wired round headline, or a band 
of net or buckram wired top and 
bottom may be used. For deep 
crowns, a so parent c wire foundfiti*)!! 
must l)t' made. 

The wiring of brim is done either 
iiiifh'rru'ath or on the top, aceordiiig 
to whether the brim is to he turnt'd 
up from the face or not. If wired 
on the outside, the trimming will in 
most cases cover it. 

Bonnet Shapes. Nearly all 
bonnets have full or nickc'd edges which make 
a becoming front trimming for the face. There 
are two kinds, either for tlu' open front or the 
close-lilting honruit. 

For the open front [109] a full velvet lining is 
often necessary to fill up the space ))etwccn the 
bonnet front and the head. 

For the close shape fl03j a rucked edge is used 
to take away the hardness of tlu' shapi*. 

For the open front, mc'asnn' the (h'pth of the 
centre-brim and allow half as much again for 
fulness. Measure the outside' ('dg(' of brim and 
allow half to tliree'-ejuartf'rs as much again for 
fulness. 

Tf one length of velvi't is insufficient, add on 
narrow pi(M*es each side, as a bonnet brim is 
always much narrower near the ears. Tf a long(^r 
piece is necessary, join the piece on either side 
and cut afterwards in the middle of tlie narrow 
part [107]. Mark eentre-front and gather each 
edge. Prepart' the bonnet edge in the same way 
as the hat brim is prepared for a fold. 

Place centre of v(*lvct lining to centre of brim. 
Arrange must of the fulness in centre-front, 
lessening it gradually tovvc*rds the ears. Ihick- 
stitch the velvet on closely, just above the edge 
wire on the line of running stitches. The lower 
edge is stitclic'd round the head aJid the velvet 
arranged in light puffs with the point of the 
needle. 

For a “ rucked edge,” the measuring, cutting 
off, and preparation of velvet ar6 the .same as 
just explained, the only difference being that th^ 
velvet is not usually stitched on the edge of the 
bonnet, but about 1 in. to 2 xn.'aboce it. 




109. VELVICT BONNET 
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The needle should never be put through the 
double pleat of the velvet ; it should bo brought 
back close to where it w^nt in and the cotton 
tied. Lightness of touch, to use no more stitches 
than necessary, and never to draw the fulness 
tightly over the edge, are points to bo remem- 
bered. The bonnet should next bo headlined. 

Preparing the Velvet. Velvet is a rich- 
looking fabric whose chief characteristic is its 
ptVc, or raised surface. It has a short 
surface which, in coming from the loom, 
is pressed slightly in one direction, thus 
casting a shade, and giving it a darker tone 
against the pile than with it. Exjxuienced 
lingers can feel the way the pile lies, it bc‘ing 
smoother in one direction than the otlier. The 
better the quality of the vclv(‘t, the more dis- 
tinct is the shade. In correct sTiading lies much 
of the difference between amateur and pro- 
fessional work. Hold the velvet to the light, and, 
before joining or cutting out, see that the pieces 
shade the same way. 

Three kinds of velvet are in general use — the 
silk, tlie patent, and tlic cotton back. Velveteen 
is too heavy, and is used only occasionally to 
match children’s Liberty coats and pelisses. 
The silk- back velvet is manufactured entirely 
of silk filaments ; it is very liglit, luiS a close pile, 
keeps its colour to the last, renovates well, and 
is always used for the best class (jf work. Its 
price is from 7s. lid. a yard. It wants careful 
manipulation, as the lightness of its pile causes 
it to he easily plushed or flattened. 

The “ patent-back ” velvet is a mixture of 
cotton and silk, but it is easily distinguislied by 
its highly-glazed back. In the best qualities it 
can l>c mistaken for silk velvet. Its price is from 
3s. lid. upwards. It is much in use and can lie 
obtained in a wide range of colours. 

In cotton- back velvet, as its name implies, 
the pile alone is of silk. It is of much more open 
texture, soon fades, and is 
heavier to wear. It is only 
used for very cheap millinery, 
and costs from Is. lid. Miroir 
velvet, of the sp.me quality, 
has a much better appearance 
because the pile is fiattened 
down uniformly and prevents 
the foundation showing 
through the pile. 

Several otlicr kinds of vel- 
vets arc used, such as pamie, 
chiffon velours, terry, caracul, 
shot, plisse, corduroy ; but 
these arc only passing fashions, 
and their use for trimmings or 
coverings at once dates a hat 
or bonnet. 

If required for trimmings 
only, buy the velvet on the 
cross. For covering hats it 
should be bought on the 
straight. , A corner of velvet 
IS extremely useful for toques 
or bonnets. 

If we have a length of 
velvet on the straight, before 
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we can cut erossway widths for trimmings, 
a comer must I )0 cut off. Place the velvet 
on the table with its pile uppermost, and 
the fold from you — this is important. Fold 
the two faces of the pile together when 
they will not want pinning. Take the right- 
hand lower corner, A, of the cut edges 
to the selvedge of the opposite side, B. The 
twf> selvedges must be exactly at right angles. 
Then cut through this fold, kny length corner 
can 1x3 obtained by folding the velvet as from 
C to 1) inskwl of from A to B [110]. The 
c-xtra lengtli obtained along the top is short 
at lower edge [111]. 

A corner of velvet, it will be seen, is a shaped 
piece with one side on the straight and one on 
the cross. In covering iind trimming bonnets 
and toques pieces can be cut from the cross way 
side for the trimmings, while the comer and 
straight part are used for covering or draping 
the bonnet or cro\vn. 

To cut a cross way width [112], measure the 
length required first along one strlvcdge and 
then along the other ; snip tlu^ velvet at those' 
points; fold it over - from you — and cut off. Be* 
very careful that the velvet is really cut on ;> 
true cross ; if tliere^ is the leiist inaccuracy the* 
fe)lds, rouleau, or trimming will not lie well ajiel 
the material will be wasted. 

A erosswiiy length will measure one-third 
less throHfjh the centre than along the selvedge, 
and allowance must be made for this when 
estimating quantity required. By “ through ” 
is nu'ant through the cross— -as opposed to along 
the scflvedge. This should be noted cas the word 
will be so emi>loycd throughout this course. 

Joining Velvet. To join velvet [113] 
shade the velvet correctly, place the two piles 
together, leaving a little triangle at each edg<' 
[114]. Backstitch them with fine cotton ami 
needle — the stitches must be quite close and 
tight so that there may be no 
gaping when stretched. 

To straighten two cross- 
way lengths for trimming, 
shade the pieces and join. 
Out off a comer L116J' and 
join it to A B. 

To straighten one crossway 
end, fold A to B, stitch it 
and cut [116]. 

Trimmings and bows an* 
frequently made (ff crossway 
widths of piece velvet. After 
joining the length, the raw 
edges must be hemmed, 
which can be done either by 
turning in the edge once, as 
for twists, knots, etc., or 
turning in the edges twice for 
the loops and bows, and 
making a narrow roll hem. In 
the latter case a fine wire may 
be inserted in the hem. 

Ends of crossway pieces can 
be used up in making ends 
and ears. Ends, if fac^ with 
velvet, must be stitched along 
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the Btraiglit side and slipstitched along the 
crossway side. They do not set well if not treated 
in this way. Pull out the point from the outside 
with a fine needle. In stitching do not pull the 
cotton tightly. Stitch as from A to B [117]; 
slipstitch^from B to 0. Always stitch for 1 in. 
round tlie point at B. 

An ear is made by the long ])oint being 
turned back pile to pile and stitched [118J. Turn 
out and hem along bottom edge. For unlined 
ends and ears tho edges must first be roll h(»mmed 
[119]. Ends and ears may be lined with a 
contrasting colour of velvet or silk, joined in 
the same manner as d^'s^ribed above. How to 
wire ends and ears is dealt with later. 

For a velvet fold or rouleau, cut crossAvays a 
piece twice as wide as required, turn doAvn each 
side, so that the cut edges just meet in the 
centre, and lace-stitch the two edges togi'ther. 
Another method is to sli^itly overlap the edges 
and hem as for velvet. Do not out the rouleau 
too wide or it will not set well. 

For a French fold [120], cut material throe 
times tlie width of the rcquiri^d fold. ,Fold it 
in three, one cut edge inside ami one outside. 
Turn down th(' outside edge and sli])stitch it, 
begin careful the fold does not becojiie twisted. 

Velvet Bonnet Strings. Ladies some- 
times prefer piet;e volv(d bonnet strings to ribbon, 
because it may be impossible to obtain ribbon 
velvet to in {itch, and they are warmer to wear, 
and more hticoming. 

Cut throe times the width ic<piired when 
fmishi‘<l. Usually two widths 2 in. “through ’ 
are ni'oded. Sluuh*, tlui })i(‘e('s and join. Make 
a cravat end [121], and slipstitch as for Fnuich 
fold. Plac(^ the fold exactly o^iposib' 
to the point of the eravat end. 

The strings should be about J in. 
wide when finislied. 

Another way is to hem a long 
piece of c^ross-eut velvet, make the 
ends up in bows, and tie under the 
chin. The width is a little narrower 
than the I in. ribbon velvet usually 
sold for bonnet strings bec^ause it is 
thicker. Piece velvet bows are imule 
of velvet cut on the cross. "J’lie 
widths should bo joined in one long 
length, and the edges roll lumimcd. 

Bandeaux. The style and fit 
cf a hat depend frequently on the 
right shape of the bandeau, which 
gives it the proper tilt on the head. 

When it is made, pin it in, trying 
different positions till the right 
one is obtained. Often a hat does 
not suit because it needs a bandeau, 
or because the bandeau is in the 
wrong place. 

Bandeaux vary in size and shape, 
and are usually covered with velvet, 
which clings to the hair and helps 
to fit the hat. They are used for these 
purposes.; To tilt a hat at front, side or back ; 
for sewing trimmings underneath ; or to make a 
faulty he£^line either larger or smaller. 


In form they are either shaped, round, or 
slravjht. Shaped bandeaux for front, sid-^, or 
back, are made of spatrie or buckiam ; for 
light hats, such as chifTon, lace, tulle, of double 
stiff net. Hound and straight bandeaux ar(3 
made of stiff net and ribbon wire. 

First cut out the shape in buckram {ind wire 
it with firm support win^ \ 124]. Start wiring in 
the centre of the straight side of the bandmii * 
and allow 2 in. for ov(*rlapping. 

Mull the edge. Cover it with a erossway 
piect* of velvet, ])lacing the straight side of 
l)and('au to crossway p{irt of velvet ( 123]. 
Pin it in filace. Cut to shape, leaving .J in. 
turnings round eiirvi^d part. Turn in and slip- 
stiteh. cutting the bandeau in shape as it is 
worked. 

Band-'aux for back c)f hat 1125] must bo 
eover(‘(l in two parts, (kit the velvet to shape, 
leaving J-in. turnings. Ta'*k one pieee, turning 
the e<ige over all round, and C{itch-st itch it to the 
spatrie. Pin t>n tlio other piece of velvet, turn 
in the edge, and slip-st,iteh all round. 

Ni‘t bandeaux for light lace, net, chiffon, etc., 
hats are mad ‘ of double stilf net, wired iiit round, 
with support wiicvs inserted between the tw«) 
thicknesses of net, and nijiped securely over 
th<‘ edg(*. '^riu'se are cov^ereil with one or two 
thicknesses of tulle or ehiflon, and hound with 
sareeni*t or narrow velvet ribbon [1271. 

Sh{ii)c(l, {ill-round hande.aiix {ire made of 
support win* to giviui measurements in the sam i 
way iis Avin* sh titles tire made. These may he 
covered Avith stniAV or v^elvet, aiul, for a very 
d(3ep shape, only the outi'r side lU'ed be covered. 

Hound bandeaux (125!, used for reducing 
size of headline, shoukl bo mad' 
in this way : eiil. four thicknesses of 
stilf net, {ibout 1 in. Avidc, and in 
k'ngth ^ in. smaller than headline ; 
tillow I in. cxtni for ovcrltipfiing. 
Stiti'h tAvo rows of ribbon wire to 
the net, wrajiijing over the ends of 
Avires 1 in. Avhen> tlu'y join. Uut a 
crossway pieces of vi'lvct three times 
the Avidth of the net handetiu. Turn 
ill iipjier edge of velvet, bring up 
the bottom sid(^ Avith tluj iuav edge 
turned in, and slip stiteh. 

A straight handetiu is made in the 
same Avay. except that the ends are 
not joined. Turn over ribbon wire 
for J in. each end. Clover Avith 
velvet, oversewing the raw cdgo.s 
closely, Avithout turning them in. 

“Uliip” bandeaux are mostly 
used for fronts of open-fronted 
bonnets, and are m{T,de about 1 1 in. 
long, wired all round. Stretch the 
chip along the outer edge and 
contract along the bottom edge. At 
ea'-h ('lid, turn it into half its width. 
To sew the handt'au to hat, pin 
it in the right position Use strong cotton and 
the long backstitch, keeping the long stitifiics on 
the outside of the bandeau. Catch the bottom 
wire of bandeau to the headline or brim of hat. 
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Cast-Iron Pipes, Pipe Founding. Butt and Lap Welded Tubes. 
Seamless Tubes and their Manufacture by Various Processes. 


TUBE MANUFACTURE 


I NTO how many articles of domestic, industrial, 
and public utility does tubing enter ? We do not 
intend to supply the answer, for we cannot, but the 
question may cause the reader to look around him, 
and he will be surprised at the innumerable uses of 
tubing. The first use of metal tubing was for the 
manufacture of gun-barrels. The need for chea|)er 
tubing than gun-barrels provided came with insist- 
ence during the early years of last century. The 
introduction of gas lighting called for very large 
ipiantities of tubing, and at first the need was met 
by old gun-barrels, of which there was a plethora 
after Napoleon had been finally housed in the 
island where he died. Then with the need for cheaper 
tubing came invention, and the liles of the Patent 
Office contain the records of very many attempts to 
solve the jiroblem of tube manufacture, each vicing 
with each in efforts aft(.T economy and quality in 
tube production. But wo have to do with the 
practical, not with the historical, side of the question, 
and we may proceed to oxninine modern ]»rocessc 3 
of tube manufacture. 

The word tnhe, or iuhintj, and the word pipe have 
the same meaning, and have been defined as “any- 
thing hollow or concave, and with some degree of 
length.” The definition is comprehensive, and would 
inrludc a nut or a washer. But length is the eon- 
.spieuous feature of a tube, and anything so .short 
as a nut or a washer would not come under the 
definition of a tube, although technically both of 
those artudes are short tubes. The word “ y>ipe ” 
is usually applied to tubes of cast iron, and also to 
those of load, hut tubes of wrot iron or steel and of 
metals other than lead are xisually designated by 
the word “ tube.” The difference is merely a 
matter of habit, and has be(;ome fixed. It is con- 
venient, because to talk of an iron pipe is aecejited 
as moaning something of cast iron, and an iron tube 
implies something of wrought iron. 

Cast«iron Pipes. The chief use of east-iron 
pipes is for water and gas mains. The usual length 
in sizes under 3 in. internal diameU*r is 0 ft., and for 
larger diameter pipes tlie length is usually 9 ft. 
American practice favours 12 ft. lengths for 
large water pipes, and there is economy in the 
longest length as there is then occasion for fewer 
joints. 

Iron ]upes arc usually cast in a vertical position, 
and usually also with the socket end at the bottom. 
The prac'tice is not universal, for small pipes arc 
often cast in the reverse position, but the desirability 
for strength in the socket part constitutes a reason 
for this method of procedure. 

Tast-iron pipes are largely made by dry -sand mould- 
mg, which is the h<\st and cheapest process where the 
metal is poured under any great head of ]>re.sHuie. 
This process of moulding does not demand so much 
skill as greensand or loam moulding, and conse- 
(jnently it produces chea])er work. Indeed, skilled 
labour is almost dispensed with in pipe founding. 
In the most improved practice the casting pits fill 
the purpose of core ovens as well. This utilises the 
, heat leR from the casting. When being used as 
ovens the pits are covered and flues admit the hot 
air. 


The Mouldlng«box. The moulding-box fl] 
is made in two halves, and has a hinge joint, 
enabling it to be opened longitudinally. It is pro- 
vided with perforations for the escape of gases as 
the metal is being poured, and alSo as the moulds 
are drying. The size of the moulding-box is 
sufficient to allow about 2 in. of sand between it 
and the pattern. Its base is made separate from 
the main shell, and before the moulding-box 
body is placed upon the base a cast-iron jiattern 
of the socket is clamped 

into its place. Then the 
moulding - box or flask is 
])laced uymn its base and 
i*lami)ed thereto, the cast- 
iron ])attern for the piyie- 
harrel is put into position 
inside it, the space between 
the ])attern and the flask is 
tilled with sand and rammed 
hard with long rods, and tlu^ 
pattern is withdrawn. The 
surface of the mould is now 
hhu.'kenefl. A common prac- 
tice is to pour black- wash — 
that is, finely - powdered 

‘ coal made with water 

into the consistency of 
cream — into it, care 
being t-aken that it 
gets around all the 
surface. The mould 

1. MOULD FOR CASTING PIFKS dried. 

The moulding-boxes, 
after rninming, are ))laeed over apertures, which 
are exhaust flues. The heated air entta ing the pit 
or oven — for in this capacity it is being used — 
passes up round the exteriors of the moulding-boxes 
and descends through the mould to the exhaust. 
After the moulds are dry the moulding-boxes or 
flasks are set in position for the yiouring. 

Preparing the Core. The core ought to 
be ready for insertion at this stage. Its pre- 
paration has been sinqile. Upon a long shaft, 
or arbor, is wound tightly a course of straw or 
hay rope of about J-in. diameter. This is done 
by placing the shaH or core bar ujion trestles 
with grooves, in which the bar may rest, and by 
turning it with a handle fitted to its end. When 
one laver of rope has been put on, soft loam is 
apyiliefl and rubbed in between the spirals of ro])o 
throughout the whole length : then another course 
of rope is w'ound on, and ihore loam applied until the 
internal diameter of the pipe to be cast is reached. 
A loam board or strickle-hoard — that is, a tern plot 
the form of the edge of the longitudinal section of the 
desired core — is used to give it shape. The core may 
bo partially dried during the process, otherwise 
the mass of loam and core rope would not be 
sufficiently cohesive to remain unbroken. It will 
also probably bo hound with iron wire for the same 
reason. Then it has a last coating of sifted loam, 
sometimes mixed with sawdust, made thin with 
water, is stricked,” or made true to templet, and is 
finally dried. In pipe founding the core bar is 
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allowed to remain inside the core in the mould so 
as to give it strength, as a long core is necessarily 
weak. The core must have a diameter slightly 
larger than the internal diameter of the pipe 
desired, as the iron shrinks in cooling, the approxi- 
mate shrinkage and the usual practical allowance 
being J in. to every foot of diameter. 

The cores made as described are treated to bla(“k- 
wash, as was the mould, and are then inserted 
within the mould. 

The socket core is wrapped with hay rope and 
plastered with loam in the same way as the centre 
core, being also ^tricked by a templet and dried 
in the manner already described. 

CoIla])sibIo iron bars have been tried instead of 
rope cores, as the latter are an expensive item in pipe 
founding, but they have not eoiiic into general use. 

Casting a Pipe. The molten metal is usually 
poured from the top of the mould ing-hox, but 
sometimes large pij»es have as much metal as 
will cover the socket - core poured from the 
bottom by a gale through tlie mould to the 
socket, the metal for the body of the pipe being 
jioiired from the top in the usual way. Ily 
this method there is less danger of injniing the 
socket-core by the heavy drop of metal upon it, hut 
it gives tlie ])ossil)ility of a, “ cold shut ” between 
the metals of the two pourings. 

Whenever the iron has set, the core bar is witli- 
drawn by moans of the crane, so as to jwevent any 
danger of the pipe cracking as it cools, and tlicstra\\ 
that is left at onco begins to burn. When the pipe 
has dulled down to black, the shell of the moulding- 
box containing the pipe is hoisted uf) ami placed 
over skids, when* it is opened and the pipe rolled out 
u|X)n the ski«.ls. 

Flanged pipes are made in practically the same 
way, but, it is a <;oinmoii practice to have a separate 
moulding-lK)x for the lower flange and to clamp it 
on the cylindrical moulding-box used for the pipe 
body, the upper flange being made with a templet 
attached to a ring revolving on a ])ivot on the pat- 
tern, and a space being left for th(5 cover. 

Pipe Sizes and Weights. C'ast-iron pities 
are made from i|-in. thick to l]-in. thick, and (he 
following table givcM the range of Ihickncs.^^es in 
which the various si/.e< are made with Uu- weight 
of each poi’ lineal foot. 

Dr. Angus Smith’s solution is in very wide 
use for coating pi]>cs that arc to be laid under- 
ground. It gives the fu'pes a coating impenetrable 


GROUP 23~-MKTAL8 

to the liquid or other matters that usually pass 
through drain and water pipes, and it prevents 
corrosion. The original recipe took bO gallons 
of coal tar, tK) lb. of freshly slaked lime, 12 lb. 
of tallow, G lb. of lampblack and 3 lb. of 
resin, all mixed together, boiled for half an 
hour, and a]>])lied hot. Present-day practice has 
departed from this, and there is not strict uni- 
formity. A good method, largely followed, ie to 
put coal-tar in a di]>ping lank large enough to • 
aceoininodate the pipe to be treated, then to add 
oiie-sevcnth part by volume of pitch in })Owder 
form, and one-seventh part of coal oil. Tlie ])i))es 
are lieatcil to just und(*r boiling point, say 200^ F., 
and are ])laced into the mixture, turned over for 
a few minutes, and then widulrawn and allowed to 
drain. 

Welded Tubes. Many im]n’ovcnunts havo 
b<‘en made in the ])rocc'<s(‘s of tulu* manufacturo 
<luring the last fifty years. d’lu'se have hcen 
ch icily in the making of seamless tubes. Welded 
tuU's are madi* ]>riu*ti<*ally as they were mado 
three-quarters of a century ago. There may bo 
slight diiTerence in the details of the process, hut 
the prinri])le has not been ehangetl. 

\Vel<h‘d tubes may be divided into two classes — - 
hutt-n'cldul and iap-urldcd. In both eases a strip of 
Hat metal is bent riaind into tubular form by s]»eeial 
ap])aratus. Butt-welded tubes are those where the 
bending of the strip ea,ns(‘s^the Iw'o edges to butt 
or touch each other, and in this ]K)silion they are 
welded. Lap-we)d(‘(l lubes, on the other hand, are 
bent round so that (he two edges overla]), and in this 
position (hey an* united by W'elding. A lap-welded 
tube must liav<‘ a mandrel or solid rod inside when 
it is being welded, but a butt-welded lube can bo 
welded without internal sup])()rt during the process. 
'I’bus, very small tubes can bo made butt-wehleHl, but 
not lap-welded. Butt-wel(h*d tubes of iron are mado 
as small as i in. internal diameter, and they 
could be made even smaller, but the minimum 
internal diameter of lap-welded tubes is considered 
to be about 1 in. The manufacturer of w'elded 
tubing jaireliases “rolled strip” from the iron- 
rolling mills. This rolled strip is simply iron hoop 
or plate in the form of strips of the width necessary 
for the tulx's about to lx* rmuh*. He eonv(*rts this 
strip into “ skel]),’’ or tubes, the <Mlg»'s of whi(;li 
touch or overla]), hut an* not weld(*d together- 
'I'his is done by passing the strips through rolls, 
which tirst curve it and then bend it round ’’jinlil 
the edges touch or overla ]>. 

Formerly, the tilt hammer proees.s [2J, 
])atent(*(l eiglityyears ago by .Faines JRus.scll, 
of W'ednesbury, was tia* common pra(3tice, 
and may still bi* followed to .some extent. 

By Ibis ])rcx’ess the roughly-formed lube 
was heated to welding heat and passed 
along the gr<M)ved anvil of a tilt hammer, 
caused to strike rapirl blows by the rotation 
of a wh(*el with projections as seen in the 
illustration. A imindid was ])laecd inside 
the tube being welded, if exactness in the 
internal diameter was desired, but if such 
exactness was iniinaterial, no mandrel was 
useil. I'he invention of this process wan 
an important stage in the deveh)])ment of 
tube manubicture, as it proved that a rough 
tube heated to w’cMing tem|>eraturo could 
bo welded up merely by having its edges 
placed in contact and prcBsure ap])lied, and 
without tlio need for the employ n.'Mit of 
an int(*rnal mandrel such* as had been 
previoiKsly used. , 
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Rt’SSELL S PROCESS FOR 
WELDING TUBES 


During tlie year after Russell began to exploit bis 
patent, Whitehouso, of Wednesbiiry, introduced his 
^aw - bench pro- 
cess, which is that 
still used, and 
which is best de- 
scribed in the 
words of the 
original speoifica- 
“"tion (No. fjlOtl, of 
1825). 

“ 1 ])rcparc a 
piece of Hat iron, 
commonly called 

plough-plate iron, of a suitable substance and width, 
according to the intended calibre of the tube. This 

E icco of flat iron is propanal for welding by being 
ent up on the sides, or, as it is commonly termed, 
turned over, the edges meetingjor nearly so, and the 
piece assuming the form of a long, cylindric.al 
tube. This tube is then put into a hollow lire, heated 
by a blast, and when the iron upon the point of 
fusion, it is to be drawn out of the furnace by means 
of a chain attachcMl to a draw-bench [3], and jiasscd 
through a pair of die.s of the size required, by which 
means the edges of the iron will become welded 
together.” 

lie then describes tlie mechanism. The chain, 
which is driven forward by a spur wheel, carries 
a screw clamp in which the end of the metal 
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strip is held. The iron tube, after having been 
heated almost to the point of fusion in the 
furnace, is led between the dies of the screw press 
and fixed in the screw clamp ineiitioried. Thou the 
screw press is turned until the two halves of the die 
approach each otlier and make the desired ojxming 
through which the tube may pass; the gearing 
dragging forward, tlie chain is put into motion and 
the bent strip, entering the screw press dies, emerges 
from them in the form of a weldeo tube. It is with- 
drawn from the clamp and from the screw press. A 
small length of tubi'. at the end where the chain 
clamp is attached is not welded. This piece is 
welded by returning that end to the furnace and, 
when it has been made white hot, by drawing it 
through the dies from the other end. 

Sometimes the edges of the strips used for making 
butt-welded tubes are cut obliquely, making the 
weld thereby not a true butt, but a sort of lap. This 
practice makes a slightly better tube than the plain 
Dutt weld, but is still much inferior to the lap- welded 
tfibo, which we shall now consider. 
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Lap«welded Tubes. Tn its essentials the 
process of welding tubes with a lap weld is similar 
to that employed for butt-welded tubes except 
that a mandrel must be used to afford the necessary 
resistance during the operation of welding, as the 
pressure must be applied in a different direction to 
that when the weld is of the butt variety. * Russell’s 
original process (1845) which is that still usually 
practisecl, is described by its author as follows : 

“ The tubular skelp drawn from the furnace at 
a welding heat is placed upon a mandrel or what 
the inventor terms a ‘ beak ii’op,’ which has a 
working surface of steel and is rigidly fixed at one 
end in a horizontal position, its free end projecting 
over a draw bench. The free end of this beak iron 
affords the necessary resistance and support when 
the lap joint of the tube, in order to weld it, is 
pressed upon by a roller while the tube is dra^m 
off the beak iron by the action of the draw chain 
to which the grip|W8 that have hold of the tulxi 
are attached. This system of working answers for 
tubes of large size, which arc welded thereby at 
two o]^eraiions, one half at a time. In making 
smaller tubes the mandrel or beak iron is required 
to be longer and of small diameter, and, conse- 
quently, as there is not sufficient substance to 
support the tube and its own weight horizontally 
without deilection, it is supported by a roller 
beneath the tube while the welding roller above 
is operating on the seam, the draw chain dragging 
the lube forward. The skelp in this ease is drawn 
direct from the fiirnaco on to the beak iron.” 

This process, that of rolling the skelp at welding 
heat and with a mandrel in the centre by one or 
more rollers, has been the subject of many im- 
provements, but the only one that wo shall notice 
st'parately is the Perrin ])roees8, which is, however, 
rather beyond the scoiie of an ordinary lap- welded 
tube. 

The Perrin Process. The Perrin process 
of manufacturing lubes uses piled hollow blooms 
placed as in 4 , and welded together by ]u*es.siire. It- 
is an important and a. successful ])roccss, pro- 
ducing the apjiarcnlly mechanical paradox of a 
scaiidess tube? mach^ by a welding process. 'flic 
blooms are rolled into channel 
.sections, and are }>laced as 
shown in the diagram. The 
edgt^s must not butt where one 
channel .scedion opposes a similar 
channel. This leaves room for 
compression, and a thorough 
weld between the external sur- 
faces of the inner pair and the 
internal surfaces of the larger pair. 4 . PERRIN ’s PRO- 
When the piled blooms have been CESS OF TUBE 
raised to a welding temperature MANUFACTURE 
the }>res8ure of the uppermost 
outer bar upon the inner bars and the pressure of 
the inner bars upon the lower outer bar cause the 
parts to become united or partially wielded along 
their adjoining circumferential surfaces, ' and by 
such welding before removal from the furnace the 
bars are retained in their proper relative positions 
during the subsequent rolling operation, which 
completes the welding. The piled bloom is rolled 
down at one heat sufficiently thin to form some 
sizes of gas, water, steam, or other tube. 

Spirally Welded Tubing. Sphally welded 
tubing is made and used to some extent. 
It is 8))ccially suitable for largo tubes that have to 
stand high pressures. The spiral welds withstand 
bursting strains far above longitudinal welds. 
Another feature of merit is that this tube can be 
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made in very long lengths. Also spirally welded 
tubing that leaks at low pressures tends to become 
tight as the pressure increases, and to remain so. 
This ])roperty may seem curious, but it may be pul 
to the proof. If we make a twisted pajwr tube, 
close one end, and blow into the other end of it 
gently, the air we send in escapes at the edges of 
the spirals, but if we blow into it with more vigour, 
the tube becomes tight. Thus, internal preH.sure 
on a spii-ally welded tiibo tends to force, th*' over- 
lap))ing edges of the s])irals into <doser (lontael, and 
to make the welded surfaces tighter, whereas internal 
pressure in a longitudinally welded tube tends to 
open the weld and to force the edges apart. 

Making Spirally Welded Tubing. 
The process of manufacturing spirally wohled 
tubing demands very accurate machinery. It is 
almost quite automatic, and docs not entail highly 
Bkilled labour. The skill has been put into the 
machine. The “stork,” or iron or steel pIaU‘, is 
rolled of the required width, and in as long strips 
as possible. The ends of these strip.s are welded 
together in a machine so as to give any desired 
length of strip in one piece. The completed strip 
or ribbon passes to the tube-making machine, which 
has four functions — feeding, bending, heating, and 
hammering. The end of the ribbon of metal is 
fixed to a guide table, set to the angle of the spiral, 
and is fed in by geared rollers. A mandrel is not 
tun ployed but the mould is of a form to keep the 
size and alignment accurate. Projecting into the 
pij)e, a distance a little in excess of the width of 
(he skelp or stock used, is an anvil, cooled by w’ater 
circulation and ])rotectcd by lirebrick. The fur- 
nace which raises the edges to welding heat is a 
small cast-iron box, lined with refractory material 
contuiiiing two nozzles, which are really blow- pipes, 
fxtruding a Bunsen flame upon the edges to he 
w(‘ldcd. One of those blow-pipes heats the edge 
of the pipe already formed, and the other heats the 
part of the skelp that is to he welded to it. The 
entering skelp meets the hot edge of the Y)ijw‘. just 
where the two flames from the blow-pi])es meet; 
a hammer, with rapid blows, w<*lds the two edges as 
they jjass across the face of the anvil, the crimY)er 
also acting u])oii the work to preserve the f)roper 
curvature, and the xiijic is made. The machine, 
acting as we have described, makes a foot of 
welded surface per minute. 

Flanges of Spirally Welded Tubes. 
Spirally welded pipes are usually Hanged, as this 
is the best way of joining tlnuu one to the other. 
The typo of flange is what is known as the trum])et 
flange. The end of the pi|)e itself is turned over 
Hat, thereby forming a narrow flange. 1'he larger 
flange comes behind this, and has holes for 
bolts, so that two flanges are tightly pre.ssed one 
against the other. But the strength of thc^ union 
depends not at all upon the union of the largo flange; 
to the pipe, for the large flanges merely press the 
smaller flanges tightly together. Packing is, of 
I ourse, used. 

Spirally welded pipes have been made up to 
about 50 ft. long, but such lengths are con- 
^’enient only when they arc to be used close to the 
place of manufacture^ because about .‘10 ft. is the 
longest that can be transported withoiit the creation 
ot exceptional facilities. 

Spiral tubes, with the spirals united to each other 
bv riveting instead of by welding, as described 
above, are also made to some extent, and their 
manufacture is chea]3er thaa that of the spirally 
welded. Their chief economy is when they are of 
large size. 


Helical Steel Tubing. Another form of 
spiral tubing is the so-eallcil helical tubing [5j 
(ilillman’s patent), used in the mauufaclurc 
of Premier cycles. Long <trips of sliect 

steel, usually of 
<‘rmul)lc casl- 
stocl, is coilt'cL 
round a man- 
d r e 1 , c a c h 
spiral ovcrlap- 
])ing the ]>re 
ceding one to 
half of its 
width. T h c 

o V c r 1 a p ping 
surfac(*s are 
5. llliLK^AL TrKl.N<J thin brazed to- 

gether. 

Seamless Tubing. Seamless tubing has 
many advantages over welded tubing, no matt(*r 
what j>roecss of weliling may be adopted. There are 
very many ])roeosse.s by which scanih'ss steel tubing 
is manufactured. These processes hdlow one of 
three |»racticfts. First, there is the ])roeess of ])iereing 
the billet with a Jiiandrel or ilrill, thereby making a 
short cylind(T, to ho afterwards rolled or drawn (or 
rolled and drawn) into the desired tube. 'Fhen 
there is the ])roe.e.ss whereby the- hill<‘t is made 
with a core; and, finally, there is the wonder- 
ful Munnesmanii process, wlierehy, under the 
action of rapidly revolving rollers of special con- 
struction, the solid billot is ‘‘ sjmn ” into tubular 
formation and attenuated to make the final tube. 
We shall look at these dilfereut ]iroeesses in their 
order, selecting in tlie first two the main principles 
common to many ada])lations of the ]>roeess. 

The manufaeltire of solid drawn tubes consists 
of two main o])eratit)ns — namely, rolling and 
drawing, the former being done wliilc the metal 
is hot and the latter when it is cold. The 
material comes into the works in the form of 
billets, usually round, with a diameter of about 
fl in. and a length dej)emiing upon the tube to he 
made, hut usually from 18 in. to 24 in. The billets 
are, of course, solid, and the first process consists 
in drilling them with one hole u]) the centre longi- 
tudinally. Usually a special horizontal machine 
ojierating upon both (aids of the billet simultaneously 
do('s this work. It is often done with the billet in a 
bath of water, which eo.istitutes a lubricant for the 
drill and spetuls u]) the work. 'I’lio diilled billet is 
])ut into a furnace, and wlaai it has been extracted 
hot, a. hard stca*! mandrel is forced tlirougli the central 
hole to (‘jilarge it. This is pcrformctl with the help 
of a hydraulic press. 

Again the billet is heated, and the next pr(X'e.ss 
lengthens it, and it l)egins to assume a shape approxi- 
mating to its final form. It is rolled heiwi'eii grooved 
rolls, whil<; a, mandrel is kept in ]>osilion in the 
centre of the eirenlar hole fornuMl by the two grooves 
in op])osing rollers. As the billet is ]mss(*d through 
the rolls, it is forced on to this mandrel. It g(jes 
through this o]KTMtiou several time's, each time 
having a smaller pair of grooves through which to 
pass. The luaiidn*! over wliicli it passes is shajKjd 
something like a bullriisli, a head of the required 
thickness and a stem of thinner metal behind. Fach 
})ass of the tube through the grooves we have 
described forces it over tlie mandrel and on to the; 
stem, whciKc it has to he removed to he passed 
through again until it is sufficiently drawn. With 
tubes of small diameter the bar or Mteiii of the man- 
drel cannot be made sufficiently strong to withstand 
the resistance offered by the tube as it is being 
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forced on ; bo in this case the tube is first put on 
the mandrel stem and then drawn over the head 
through the grooved rollers. By this means the 
strain upon the mandrel stem is changed from one 
of compression to one of tension. 

When the tube has been drawn hot in the manner 
described to a certain point, it is cut with a hot saw 
to length, and the finishing ])rocesscs are performed 
cold. These finishing processes are : drawing through 
dies several times, and annealing and pickling 
between after pass. The machine used is tho 
chain draw-bench [6], which wo have already seen 
ill use for making butt-welded tubes, but tho tc.st 
through which tho tube passes is not a screw press, 
but a liardencd steel die. Otherwise tho operation is 
the same as wo have already seen. The tube, as 
drawn cold, contains a mandrel, so as to preserve 
tho true diameter, and each die being smaller than 
the external diameter of the tube as it (‘liters. 
el(3ngates tho tube. Tho annealing furnaces must bo 
large, as they have to aceoinmodato tubes up to 
25 ft. long. After annealing, the tubes are pickled in 
dilute suliihuric acid, to riel them of scale. Special 
hammers also arc usually cm))loyed to reduce tho 
ends of tho tubes for grip]>ing in the screw clamps 
attached to the drawing chain. Finally, the tubes 
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are cut by cold circular saws, and are ready for the 
market. 

For very light gauges of tubing, such as used for 
cycles, tlie tubes arc, after cold drawing, redm'cd 
further by a process of cold rolling. This operation 
is performed by means of two horizontal taper rolls 
placed side by side and tajiering towards opimsite 
directions. The tube, having inside it a mandrel 
fitting it exactly, is passed through these rolls, 
which stretch tlm metal, and can reduce a tube from 
{) B.W.a. to 16 B.W.G. 

The Ehrhardt Process. In the process 
just described the billot is drilled when it is cold. 
It is also common practice to displace some of 
the metal from the centre of the biUet when it 
is hot. One of the various methods may be 
adopted to this end. We shall describe briefly one 
such process. It is the Ehrhardt pnjccss, and is used 
in tho manufacture of gun liners, shells and otlier 
war materials, as well as for making ordinary steel 
tubes. The process is as follows, in the words of the 
inventor’s specification : 

“To produce a hollow cylinder from wrought iron 
or steel, a piece of square iron or steel is taken, the 
cross-section of which, measured diagonally, corre- 
sponds to the diameter of the hollow cylincler to lx* 
pierce^l. The said ])iec(5 of iron or steel [7a], when 
m a red-hot ()r White, glowing state, is delivered into 
tjie matrix ft, tlic inner space of which also corre- 
sponds to the shape of tho hollow cylinder to bo 
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produced, and a pointed core-bar, c, is then driven 
mto the metal by moans of a hammer or press, 
while tho lid, d^ is used as a 
guide for the said core -bar. Tho 
diameter of the latter is chosen 
so that the material forced aside 
by it is sufficient to fill the 
four segment-shaped spaces be- 
tween tho square sides of the 
block and tho interior surface 
of tho matrix. Tho core-bar 
enters tho metal without any 
difficulty, as the metal, while 
being forced away, can give 
way at its sides, and a hollow 
cylinder with closed bottom 
is produced.” The lower part 
of 7 shows a section of the 
square billet in the cylinder 
previous to the introdiuition 
of the core, and 8 show\s the 
core, /, driven home, with a 
sort ion showing how the billet 
is expanded to (drcular shape. 

The billet may be ])iercc(l from 
both ends as illustrated in 9. 

This is the ])rinciplo of the 
}H*oeesa, and we may make a 
brief examin.ition of the 
practice. Tho billets used 
arc generally of Swedish steel, 
and are received square, a sha])e 
which is an important essential. Tlu'y are 10 ft. or 
11 ft. long, and in section are from 3J in. to 8 in. 
square. The billets arc cut to lengths” sulTicicnt to 
allow sufficient metal for the pipe to bo made. Tho 
cutting is done v/itfi cold saws wffien the sections are 
over 5J in., and wuth liot saws when smaller than 
th.at size. The cut length at white heat is then put 
into a vertical hydraulic press 
jaovided with a circular die. The 
corners of tho square billet just 
touch tho internal circumference 
of tho dio, so that there aro four 
HC'gnmnts between the die and the 
billot. A mandrel now descends 
and tho billot is pierced, tho 
metal displaced in making tho 
hole causing tho mass to expand 
and to till the segments already 
mentioned. The mass of metal put 
into tho die and the mandrel must 
be apportioned in size so that the 
metal displaced by the latter must 
exactly fill the cylindrical dio at 
its oiicumference. Tho billet 
Q vt]»trA ni^rn piorccd in this manner is again 

^ draw- 

PROCKSS AFTER where it is drawn to the 

IHERCING i-e(piired gauge. Tho same internal 
dia metier is maintained from the piercing to the 
last drawing process, all tho drawing ]>roccsac8 
reducing the external diameter by elongating the 
metal. When exactness of gauge and diameter is 
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not of first importance, pipes may be finished hot. 
When these considerations are matters of moment 
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the final processes are cold drawing, as described 
in the previous proct^ss, the tubes being pickUnl 
after the -hot drawing and annealed ancl pickled 
after the cold drawing. 

Tubes from Cored Billets. Several 
processes, by which the metal ingot from whicli a 
tube is made is j)roduccd with a longitudinal hole, 
thereby making it cylindrical in form, have Ikmui 
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evolved and some are in opera tio?i. In one, the 
core iR of oblong section and is, of course, made of 
some refractory material such as graphite. The 
billot, being cast with this core is flattened, making 
what is in effect a flattened tube. It is then 
ofiened and goes through several m.odiflcations of 
sectional form, ultiinaUily becoming round and 
being drawn over manclrels in tlie usual way. 
I‘]very process using billets already cored in their 
first state proceeds much after the same manner. 

Mannesmann Tubes. The Manncsmaiui 
l)roccss of manufacturing tubes from steel ingots 
WMS described at its introduction in 181)0 as ** an 
epoch-making invention.** The absolute novelty of 
the process and the marvellous n'sults which it 
gave t.;used experts to bo sanguine about tlie 
revolution it was to make in tube manufacture. 
'I’o cpiotc the words of one of the experts who hailed 
it with acclaim, it “ accomplishes the apparent 
mechanical paradox of expanding a solid bhick of 
metal into a hollow steel tube with a void within 
several times its own original mass, by pressure 
a]»plied from the outside, and this it does with great 
certainty, ease, and quickness.” 'I'his is really what 
the process accomplishes. It must be stated, how- 
ever, that the Mannesmann process has not killed 
every rival process, and to this extent it has dis- 
appointed the great expectations of its inventors and 
Sponsors. Tt is one among many good processes, not 
the superlative process that has suj)crseded all 
others. Its chief objection is that very great ])ow'er 
is required for the machines necessary, and this 
means a high expense. Of the quality of the product 
there is no (jiiestion. It was found that a red-hot 
bfllet led between two rapidly revolving rollers [ 10 ] 
<•£ conical section or inclined longitudinally tow'anis 


each other — re- 
volving in the 
sanie direction — 
that is, with their 
op]>o8ing surfaces 
revolving in oppo- 
site directions, as 
indicated by the 
arrows in the illus- 
tration — was made 
to assume a hollow 
shape, of tubular 
form. What seems 
to bo a vacuum is 
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created. The space is, however, found to be filled 
With almost pure hydrogen gas given off by the 
hot iron. The heated billet is placed between 


the rolls, being led through giuMes, so as to 
make lateral motion of the rod or billet im- 
possible. The end of the billet that enters 
the rolls is slightly flattened, and this eauses the 
particles on and near the surface to he ])ushed 
forward more (piickly than the remaining parts 
thereby forming a eup-like recess in the enci of the 
billet. As the rolls koej) moving, the liot metal is 
pulled from the in.sifie of the rod and pushed forward 
in the shape of a tube, (ireat ra))i<lity is o.ssential, 
or the metal would heoome too cool for manipula- 
tion Ix'fore rcacliing the mid of tlie billet. As already 
stateti, the ])ower required for this process is very 
high. It varies from 2,t)()0-lu>rst' power to 10,00()- 
liorse power, aeeoriling to the <liainef<*r of the tube 
in process of manufacture. The revolutions of the 
flywheels in the machines arc so nnmerons that 
suc‘h W'heels are usually made of large discs inside 
which and around the hub wire is tightly wound to 
give the necessary weight. Cast-iron flywheels 
would fly apart, and have, indeed, iloiu* so on 
.several occasions before they were. di-ea.rded. 

A mandrel may be used when exa('ini‘ss of inter- 
nal diameter is recpiircd [11] ami when a, tube of 
small diameter ami heavy gaiigi* is being made into 
one of larger diameter 
and thinner gauge. The 
.Maiinesiiiann process 
|)roduees tubes of very 
liigli tensile strength. 
Figure 12 shows a 
di.Ve.’ent form of rc* 
\olving cone.s. 

The Stiefel 
Process. The Stio- 
f(“l ]>roeoss de.serves 
imailion as it has 
]>oints of resemblance 
to th<* Mannesmann process. Two opposing discs 
mounted ujion revolving vertical shafts ]>arallel to 
each other and not in the. same plane have faces with 
circumferential hovels. 'I’lie hot billet is made to 
pass between these discs ami on to a ])()inled 
mandrel placed in ]»o.sition. which pimeos it in its 
progress. Suitable guide blocks an' placed t«) kee]> 
the billet in its path. 

Large Steel Tubes. Tubes of very large 
diameter have been made by a process of rolling 
subsecjuent to a rough drawing. The niaxiinum size 
made hitherto by this pnx^oss is 10 ft. long and 
8 ft. in diameter, and there is no reason why the 
diameter at least could not be made niueh greater 
if it were desired. Such tubes have been used for 
rings for locomotive boilers, cylinder linings for 
hydraulic jnesse.s, and other jairposes wh<*ie high 
tensile strength is imperative, ami when*. foruK'rly 
the structures had to be made of ]»lafes curved and 
welde<l or riveted. 

The process consists lirst in piercing a steel billet 
of suitable .size into tubular form, and then of 
inserting a rolk'r not .shorter than the size, of the tube 
desired, and rolling the tube alrea<ly ma<le, thereby 
increasing its diameter cireumfen'ntially as the 
shell is attenuated. 

Die Press Process. Another ]»roeess of tube 
manufacture consists in pressing discs of metal 
ill a die press until after sucoe.ssive operations they 
evolve from flat shape to cup shape, the.n becoming 
longer, thinner, ami of smaller bore under suitable 
pressing dies until they assume the ultimate form 
desired. This mode of manufacture iji suitable for * 
objects such as cartridge cases, and steel cylinders 
for gas, wliieh in their final form are to have oyo 
end closed. They are thus cylinders rather than 
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tubes. The open end is, if necessary, narrowed or 
closed by compression, or, in the case of heavy iron 
or steel cylinders, the object may be made in 
two halves, which come together sectionally, and 
are united by welding. 

LocK*joint Tubing. V'arions attempts have 
been made to mamifa(;ture lock- joint tubing, and 
the problems involved present no great difficulties. 
The usual practice is by rolling processes and 
through formers which bend around the edges of 
the strip into suitable sha])e, so that one edge 
may engage the other. Then the odge.s are brazed or 
soldered (see Soldering]. The manufacture of 
such tubing is limited, and is seldom used for making 
iron and steel tubing. 

Taper Tubes. For some purposes ta]>cr tubes 
are desired. In the case of locomotive boiler tubes, 
for instance, they may be made parallel outside, 
but ta])ering inside, and therefore of heavier gauge 
at one end than at the other end. This is done in 
order that the thicker end may be placed where it 
is subjiMit to greatest heat, and the thin end where 
the heat is less intense and the thickness super- 
fluous. Brass and copper tubes are made with an 
internal taper by <lrawing them upon a taper 
mandrel the entire length of the tube, and by 
strip])iiig them from this mandrel. Iron and steel 
tubes with internal tai)er are made by different 
processes. Ricketts’ method ])rovides that, in the 
process of drawing tubes through dies and over 
a bulb- headed mandrel, the mandrel should bo 
made of slightly tapering form, and should have a 
very slow longitudinal travel, working aiiloinalically 
after the manner of the antoiuatie feed on a drilling 
machine. Thus the space between the mandrel 
taper and the die, which space decides the gauge of 
the tube, is gradually widened, thereby jn’oducing a 
tube of gradually increasing gauge, and therefore 
with internal ta])er. 

Heavy iron and steel tubes, such as are used 
as standards for electric lights and for electric 
railways are made by using as a die a pair of rollers 
j)rovided with circumferential grooves with gradu- 
ally increasing swccji. 'liu'se rollers revolve in 
unison, and as they do so the die formed by the 
two grooves, while always remaining circular, 
increases in size, thus making the tube taper. 

Annealing Tubes. In drawing tubes cold 
through dies as in wire drawing, the drawing 
process hardens nearly all metals, rendering them 
incapable or extremely difficult of further drawing 
and to reinvest them w^ith the necessary ductility 
annealing is necessary. The annealing chambers, 
as wo saw in considering wire drawing, are 
simply ovens of suitable size, and into these 
the articles aro placed and maintained at a 
high temperature. Annealing, under the usual 
conditions, demands that the object annealed 
should bo afterwards ‘"pickled” — that is, immersed 
in a solution of hydrochloric acid (usually one 
part to 39 of water). This ])ickling removes the 
oxide of iron which the annealing has caused to 
a])pcar on the surfaces of the tubes. Many attempts 
have been made to dispense with the necessity for 
])ickliiig, and what is termed ” bright annealing ” 
is a not uncommon ])rocess. In bright annealing, 
the articles in the annealing ovens are annealed 
not surrounded by air as in the common process 
but by some gas wdiich does not have the oxidising 
influence of the air. In some? cases the annealing 
oven is put’ into communication with a coal gas 
sppply service. By admitting the gas the air is 
expelled and the articles .?.ro then aonoaled without 
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the formation of scale, maintaining their original 
brightness. 

Other devices adopted include special methods 
of pickling. One process attempted removes the 
scale electrically by making the tubes anodes in 
an almost neutral bath, and by introducing lead or 
iron plates as cathodes. 

Brass Tubes. The production of brass 
tubes is very large. Such tubes were formerly 
made by the primitive hand method, in which 
a strip of sheet metal was cut to the necessary 
width and bent around an iron rod. The edges 
of the partially-formed tube were then bound 
together with rings of wire, solder and borax 
were planed along the seam and fused in a com- 
mon forge OP under a blow]>ipe. Then, after being 
soldered, the tube was hammered round the rod 
upon which it had been formed, fullers being used 
in the process. 

The present-day ))rocess of making tubes of brass 
and other metals gives results much better than 
the original method mentioned. Strips of metal 
of a suitable width are cut. In the case of largo 
tubes demanding thick sheets the strips are put 
longitudinally through rolls — one concave and its 
fellow' convex. By this device the strips are made 
into long (diannels the section of wdiich is curved. 
Then, by beating it with a liamnier, the end of the 
tube is tapered. The drawling tool is ])la(;ed in 
position in the draw bench, and the taper(‘fl end, 
or tang, is ])aRsed through it. The draw tongs are 
made to gri]) the latter, and put into motion by 
nu‘atis of tlu‘ chain, which drags them along the 
bench, pulling the metal strip through the dies, 
and giving it the form of a tube with a scam up one 
side. Then the U'irer — that is, a workman, or often 
a workwoman, responsible for the next operation — 
binds the edges together by encircling the tube 
with rings of iron wire at a distance of 2 in. apart. 
Then another operator, called the charger^ places 
along the scam some ^speller, or brass solder, in 
granulated form and mixed with borax. 

The crude tube so prepared is now placed in a 
soldering stove, which must be of a. suitable length. 
When it has been raised to a red heal, the brass 
solder and the borax fuse and unite the two sides, 
making the tube complete except for the linishing 
proc’es.seH. 

The binding wires are removed when the tube 
has cooled, and the surplus solder is removed by 
filing or grinding. Then pickling in w'taik acid cleans 
off the adhering dirt and the tube is again passed 
through a die on the draw bench. If a tube of abso- 
lute accuracy — internally, as well as externally — be 
demanded, a smooth mandrel is placed inside it 
before it receives this final drawing, and the drawing 
die, offering pressure to this resisting mandrel, 
makes a tube smooth in surface and uniform in 
gauge both internally and. externally. 

Solid Drawn Brass and Copper 
Tubes. The ingot which is to make brass or 
copper tubes must bo carefully made, and certain 
precautions are necessary. It must be sound 
metal, and must have a sound face, or the chance 
of a good tube resulting is small. Clean metals 
poured into warm moulds should give the desired 
result. If the moulds are cold, and the cores warm, 
the latter will draw moisture, giving unsound ingots, 
in atldition to which there is a danger of some of the 
metal blowing out of the mould. Usually, the 
casting is done in iron moulds sot vertically and 
with warm cores, Mould and cores should be 
coated with plumbago or tho former for 

preference. 
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Welsh coke is the best fuel, but if gas coke be 
used, it should be clean, or impurities may he 
carried into the metal. 

With alloys of zinc, the heat should not be raised 
too high, ^or the composition of the alloy may be 
altered somewhat, and if exact specification be 
demanded, this may be bad. The flux used in 
making alloys must depend upon the constituents 
of the alloys, but it ought to produce a. metal in a 
clean fluid state, and with melting temperature as 
low as possible. • 

A little lead, esjiecially if it contain a percentage 
of silver, will make the process of rolling and drawing 
much more easy, and it is worth adding, but only 
a small (juantitv will enter into the alloy, any excess 
above this quantity sipieezing out in cooling. 

The hollow ingot, having been cast, is jflaced up<ni 
a mandrel and pulled through successive dies, cat^h 
smaller than that preceding. »Sometimes the 
mandrel is stationary as well as the die, and the 
tube is drawn between the two. Between each 
drawing* the tubt's are annealed and pickled, 
this being necessary to rc-imj>art the ductility 
icquired. 

Copper Tubes by Electric Deposi- 
tion. Copper tubes are made by electrolytic 
<lcposition as well as by the mechanical jinxicss 
described. The chemical purity of electrolyticj 
copper is well kiiowm, and when the jflant is arranged 
to aeposit the copper in the for?n gf a tube there is 
a great saving of mechanical operations. Tubes 
made by this procc.ss are able to stand very severe 
teats. They may be doubled close cold and then 
doubled over ; they may be doubled close cold and 
then o|xined out, and they may be expanded and 
fjanged with a flange three times the diameter of the 
tube — all without splitting or show'ing defects. 

In the process of manufacture the co]»])er is 
deposited upon a mandrel. For tubes up to 4-in. 
inside diameter the mandrel is of brass, and for larger 
sizes it is of cast iron, with a brass nock to take the 
current. The cast-iron mandrels, ])rcviouR to use 
in the tube depositing tanks, ar(5 inimer.sed in an 
alkaline cicctrolytio bath, containing sheet co]>per 
anodes, whore they receive a thin covering of copj)er. 
The alkaline bath is kept at a slight heat. All the 
mandrels, whether of brass or of cast iron, are 
covered with plumbago, so that the finished tube 
may be easily removed aftc?r deposition. 

The anodes used in the depositing bath are made 
from copper bars, which have been refined to remove 
arsenic and other impurities, and are practically pure 
copper. They are eleaned with diluted siilphuric 
acid before immersion in the depositing tiinks. In 
operation the copper anodes and the mandrels are 
placed in the tank, the latter nested alongside of the 
^inodes and resting on insulated 8U])port8 at both 
ends. Acid sulphate enters the tank by gravitation 
from suitable reservoirs. The positive current 
••eaches the copper anodes through lead conductors, 
and the negative current reaches the mandrels 
tlirough copper conductors and flexible brushes. 
The mandrels revolve during the process, while 
agate burnishers travel along the whole length, 
giving to the tube uniform density and a surface 
of mirror smoothness. The coated mandrels after 
removal from the tank are treated in a tube expand- 
ing machine, and in a power draw-bench, which 
pulls the tube from its mandrel. Sometimes the 
tubes are subsequently drawn to different dimen- 
sions to those in which they leave their mandrels, 
and in this event they must be afterwards annealed 
and pickled. 


Aluminium Dronze Tubes. Aliiuiiuinm 

bronze is specially suitable as a niiiln ial for iulx's, 
for w'atcr-tubo boilers, condcn.seis, .nid aciil iiidus- 
trial works. Its /ihility to resist corrosion is cxcclK'fl 
only by gold and platinum, and its ekviric 
potential is almost nil. Aluminium bronze tiilu's 
are oficn drawn by the Mannesmann process, 
already dcscril)ed. To ntti'mpt to draw them on , 
dra w benches commonly used for drawing brass 
and co])per lubt‘s is to spoil tlu' dies, which an not 
strong enough to resist the hardness and high tensile 
strength of the alloy. J)iiriMg the piaux'ss of draw'- 
ing, aliimininm bronze tubes n‘(|uiri* frejiuent 
annealing. 

Drass-ca.sed Tubes. Much of what looks like 
brass tuhing is only irem tubing covered w ith brass. 
(Jreat ceonomy is eth'ctcd by substituting this so- 
ealled brass-cdsed tubing for solid brass tubing. 
Instances of its use arc brass bedsteads anti brass 
curtain ])o1oh. The latter arc usually, however, of 
brass entirely when they arc bent to lit ori«’l windows. 
The methods of making brass-eased tuhing is ingeni- 
ous and 8imf)le. The iron tubing is made from hoop 
or strip iron in the mariner we have alreaily tlescrihed 
except that the hutting edges are not usually brazed, 
w'elded, soldered, or otherwise joined. I’lien a t ube of 
brass larger in its internal diameter than the external 
size of the iron tube is made in the same manner. 
The iron tube is put within the brass tube. It enters 
easily, being smaller. Then the two together are 
put on the draw bench and pullcxl througli the die, 
which compresses the brass tube in diameter and 
extends it longitudinally. This mere jin'ssing of 
the brass tube upon the iron lube gives suffiedent 
adhesion for all pur]>oses to which hra.ss-cased tubing 
is usually put. Sometimes the brass tubing is brazed 
before being draw’ii down on the iron tube, hut for 
some purposes this is not done. If we examine 
the brass-cased tube that serves for the head rail 
in a cheap iron bedstead, we shall ]irobuhly find that 
the underside shows a seam. This is beeause, for 
considerations of price, the brass tube has iu)i been 
brazed at its edges. 

Tubes of Odd Section, 'rubes of 
odd form, such as square, oval, D-shape, trian- 
gular, fluted, or polygonal, an? made sinqfly 
by making the drawing die and the mamlrel 
the necessary shapes, 'riiey ])resent no difticiilties 
greater than those in drawing ordinary rouiul 
tuhing. When tubes other than round are desiretl 
to be made with their section spirally to llit^ length, 
making tluTcby what are called twisted tubes, the 
tool through winch they are diawn, in addition to 
being of the desired form, is made to revolve. It 
is geared to the wheels that oix'rato the drawing 
inechanisra, and thus a uniform ninnher of twists 
can be given throughout the length of the tube. 'I'lie 
tool in this case really acts like a screw-plate, putting 
a thread on the tube pulled through it. Many 
forms of ornamental tubing, such as are much used 
for gas pendants and other gas fittings, lamp 
standards, efe., are made by passing brass tubing 
through hard nuital rollers containing grooves cut 
with the desired pattern. A solid brass lube is 
supported inside with a mandrel, so as to offer 
resistance to the pnvssiire of the rollers, and by 
passing tube and mandrel through the machine 
the desiood design is imparted to the tube. 

Lead Pipe. or p*pc loade of an 

alloy of which lead is the principal constituent, ^ 
and termed compo f)ipe, is used largely in domcslic. 
plumbing work. The former practice of making 
lead pipes was to bend strips of lead round* a 
mandrel and to solder the edges together. Sueh^ 
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a practice has long been discarded, except 
where the small plumber makes his own trap?, 
and pi])es of lead are now forced by pressure 
tlirough a hole or die the size of the external aiameter 
of the pipe being made, and having in its centre 
II mandiel the size of the internal diameter of the 
pipe required. The power used is usually hydraulic, 
and the machine is a hydraulic press. The usual 
charge of lead is between 2 cwt. and 4 cwt., and 
this is poured in a molten state into the chamber. 
Pressure is applied before the lead has quite cooled, so 
t lui t it is to some extent plast ie. Sometimes a furnace 
surrounds the chamber, so as to keep the lead at 
its proper temperature as the pipe is being made. 
The smallest size of lead ])ipe-- 4 in. — is usually 
unde ill from .‘10 to -10 yard lengths, jind large si/.os 

fioni2A toOin. — in 12-ft. lenglhs. 

E^xtruded Xubes. An acoouut of tube 
manufnetiire would Im* iiu-uiiijjlete without notice of 
lubes ])ro(luccd by Dick's extrusion process, which 
is worked by the Della Metal Company. It is really 
the process used in manufacturing lead pipe, by 
yiressing it througli a die applied to working alloys in 
a molten state. 'I'lie macliine which is called into 
use consists essentially of a cylinder and a hydraulic 
ram. The heated metal, usually an alloy of copper, 
is poured into the cylinder, at one oml of which is 
the die. Ujion the application of pressure from the 
oyiposile end, the ])lastic metal issues through the 
die as a rod or tube, eonforming in section to the 
sba])e of the die. 'PIm* chief use of this yirocess is in 
making bars or rods of odd sections, which could 
not bo rolled ; but many articles of tubular forma- 
tion are. also made. In tlieir ease, a mandrel is 
|)laced witliin the die, and this gives the form to the 
internal diameter of the article to be extruded. 
Successful operation of this process is due to the 
fact that the alloys that an* treated may be seqiarated 
•uto more than one stream wlien in a [ilastie eon- 
dition, and will reunite readily and perh'ctly under 
simyde ywessure if no air has been ailmitted to oxidise 
the fresh surfaces created. This se]>aration takes 
place in the cylinder, because the metal is broken 
into tw'o or more streams as it passes the arch that 
holds the mandrel in ])osition ; but a reunion takes 
ydacc before the metal comes to tlie die. Alloys of 
copyier are usually extruded at the temperature of 
]>lasticity, which is about 1,000 ’ F. For small work, 
the cylinders are lltled with several dies — uy) to 
four in number - and four lubes or rods are y»ro- 
duced simultaneously. 

Flexible Metallic Tubing. The desir- 
ability of having Ilexibh* tubing much stronger and 
more durable than is possible witli iiidiarubber 
admitted flexible metallic tubing into immediate 
favour, and new spheres of usefulness are con- 
tinually being found for it. It is made by the l-nited 
Flexible Metallic Tubing Company, Limited. It 
is largely used in railway work for water-fed yminps 
from the engine to the tender and for heating 
carriages. In countries of extreme Icmyxratures, 
that cause rubber to perish within a short time, 
flexible metallic tubing is extremely valuable. Rock 
drills actuated by coniyircsscd air often have the air 
8uy)plicd to them through thi.s variety of tubing 
with excellent resiilts. It has also been used to pumj) 
liquid fuel in the form of y)ctroleum from one vessel 
at sea to another while both were going ahead at 
almost full syieed, thereby saving a good deal of 
time, in ocean voyages. These are merely a few of 
Ujp many uses to which flexible metallic tubing is 
now put. 

The process of nqinufacturing flexible melallic 
tubing demands great care, and the re-sulting tubing 
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must fulfil two conditions — it must Iw flexible and 
it must bo water and air tight, even, in some eases 
under high steam pressure. It would be easy to 
make it flexible at the exywnso of the latter quality, 
and it would be easy to make it airtight at the 
expense of flexibility. To serve its purposes, how- 
ever, it must havens much flexibility as is consistent 
w'ith absolute airtight qualities. 

Making Flexible Metallic Tubing. 
The fir.st thing necessary in manufacturing the tub- 
ing shown in 13 is an extremely tough, and, at the 
the same time, highly ductile metal strijp or ribbon 
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of absolutely uniform width and of very groat length. 
This ribbon — of steel, brass, eopy)er, zinc, or, indeed, 
any metal sufliciently ductile --is drawn through 
successive formers, which gradually shape it from 
the flat strip into a sort of double tube having the 
section of the tigurc 8, only the ends turned over do 
not butt close up to the central web. The final 
process is that of coiling this strip in a spiral form 
round a core, causing the lower X)art of each spiral 
to (‘iigage the upywr part of the spiral to which it is 
united, thus forming the tube. In this operation 
the tension of the strip, the aeeurate adjustment of 
the metal surfaces, and the mode of release from 
the (!ore or mandrel upon which the tubing is made, 
are the matters of chief nionumt. All these opera- 
tions are accomplished in a single machine, w'hieh 
receives the ])lain metal strix> delivers the 

tubing complete and ready for use. Wry Jong tubes 
can be mane by the process described, the length 
being limited only by the limiLitions of the strip 
that can be supxfiicd to the machine, 'rhiis, to make 
a tube ^ in. in diameter requires stri}! x^^th milli- 
metre thick and 14 inillimetres in width, and the 
limits of length for metal strips of this section is from 
6,000 ft. to 7,000 ft. It retiuiros 10 ft. of .strip to 
produce 1 ft. of tube, and this gives 600 ft. to 700 ft. 
lengths of tubing of the size mentioned. When 
tubing is required in greater length than this, these 
long strips are united by eleetrur welding, so that 
there is no praiitical limit to the length that may 
be supplied in one ^liece. 

For steam purposes, flexible metallic tubing is 
made of copper, X)ure or alloyed ; for use in ]>umping 
oil, and other purposes, steel is used ; br|iss tubing 
is provided for locomotive work, and for use as gas 
tubing in making flexible connections, both steel 
and zinc are emxfioyed. For suction as well as for use 
under compression, this tubing is excellent. 

Gas Fittings. An important use to which 
tubing is put is the manufacture of gas fittings. 
Into the many forms of gas fittings space will not 
permit us to enter. Wo can record only the 
present tendency of the trade. Undoubtedly the 
invention of Auer von Welsbach — the incandescent 
gas mantle (see Gas) — gave to gas lighting a hold 
which it was gradually relaxing, and imstponcd 
the general adoption of electricity as a domestic 
illuminant. The tendency of taste in modern gas 
fittings is away from the sliding water-scaled 
chain and weight gaselier towards fixed pendante 
and brackets, and to pendants that can f)e raised 
and lowered without a ivater-sealed tube. The 
pox)ularity of the inverted gas mantle is creating 
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a (it-Miiand for new styles and new designs in gas 
littings* and at present there is no evideneo that 
lixity of design has been attained or that the 
problems of ronstruetion have been proi)erly solved. 

In gas ^ttings, soft or tinman’s solder is avoided, 
and hard soldering or brazing is adopted. Orna- 
mental tubing. .such as we have already noterl is 
used extensively for gas littings, bat even here 
there is a distinct tendeiiey towards plain, round 
tubing, and to lightness and grace contrasted with 
ornament and ‘elaboration. Mountings of gas 
fittings are to a great «‘xtent .stamped brass work. 
Taps, swivels, and couplings are. of course, e;ist 
Inass, and are made ehietiy by s<‘mi-nutomatic 
macliiiies. Ingenuity is beini? exercised in the 
finishing of gas fittings, and fashion, to some extent, 
holds sway here. 

Tube Bending. Cast-iron pipes, of course, 
cannot be bent at all. Wroiight iron and steel tubes 
•ire often filled with sand, heut(‘d to redness, and 
bent round a shape, the welded side being kept 
at the inside of the bend. Brass tu bes for curta iii- 
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poles and other purposes are filled with pitch, and, 
when cold, bent round something of a suitable 
shape. Then the tube is heated, and the pitch re- 
inelteil and poured out. This demands that the 
tube must bo ropolished. A coil-spring mandrel 
is also used for bending tubes for cycle and other 
work. The maudrel is screwed up to its minimiiiii 
diameter and insertod into the tube. ^J’heri, by 
turning a key at its extremity, it is distended 
inside the tube as far as the infernal diameter of 
the latter will permit, and the bend is made, the 


inamliel resisting the flattening at the liend which 
would otherwise take place. T’he inamlrel is again 
screwed up lightly and withdrawal. This nietliod 
cannot give very sharp bends, and tlie spring 
mandrels are expensive and soiiiewliat brit.th\ 

Some machines have recently been invent»'d 
for the purposi^ of bending tubes, and pialiaps 
the best is Kennedy’s patent (14J, whieli is now 5 
used by several (loveriiimait tleparlmenfs. It 
consists essentially of a circular filate grooved on 
its peri])])ery tf) suit tiie tube to b'' bout. A ])l.‘ite 
of the proper size is plac-ed on a vertical centre, 
and a hard steel grooved block, mounted upon a 
lever and madi? to describe* an an* [larallcl to the 
perijihery of tht» plate, is pres.sed against the eiiiter 
side oi tlie tube, llius making th(‘ bends. By a 
suflicieiil number of grooved disi*s, and <a machine 
of till* iiroper cajiaeity, this inacliine givi‘s .1 v<‘ry 
wide range of bends that may be made and sizes 
of tubes that may be handK‘<l. I’he wedd — if tin* 
tube be of the wedded variety — should he 011 the 
inside of the bend. In the largest si/^*, the power 
is applied manually by a worm and wheel arrange- 
inent. 

Measurement of Tubes. 'I'Ik; measure- 
ment of brass and eojipcr tubes is calculated upon 
the outside diameter, and tubes of iron, steel, lead, 
and composition, or coinpo tubes or pipes, by the 
inside, diameter. The i‘<*ason hir the .apparent 
anomaly is that brass )ind ei)])per tubes are useil 
largely for purposes wlu're the external size is tlie 
imyiortant eonsideration, and tliat the chi<‘f yiurjicise 
of the tubes of ollun* metal is to pass wa1(*r, gas, or 
.steam where tlie quantity tliat the pij>e tir tube 
will take is the important ]>(>int. The result of 
this method of calculating size is that tubes— say, 

X in, diarncler for gas, water, and steam respec- 
tively — look very dilFerent from each other in 
external diameter. 

It is the practice of most tube-maUerM to manu- 
facture wcld(‘d tubes for water one gaiigi* thicker 
than gas tidies, ami steam tubes again are one 
gauge tliit^ker than water tubes. The usual gauges, 
thicknesses, and weights of tho three varieties of 
tubes ami the number of threails pi;r inch in the 
screws usc«l for tlicin are given in file table that 
follows : 


WROUGHT-IIK)\ TUBES FOR OAS, WATER AND STHAAf 


Bore* 

ill 

Screw 

— 

GAS 



WATER 


STKAV 


Threads 

I Thickness 

! Pounds 


Thick IK-S.S 

Pounds 


Tliickncss 

Pounds 

Inches. 

Inch. 


in 

Inches. 

Wciutit 
per foot. 

s.w.ts. 

Inches. 

WciuJit 
j»cr foot. 

S.W.G. 

in 

Iin‘ln‘s. 

per foot. 

i 

ID 

14 

■080 

:tlK) 

13 

•032 

•419 

L2 

• lot 

•448 


t!) 

13 


••>60 

1-2 

• 104 

• 627 

11 

• 116 

• 691 

j 

14 

12 

•104 

•840 

11 

•116 

924 

10 

• 128 

1 008 

i 

14 

11 

•110 

1 *176 

10 

1*28 

J ■ 288 

9 

- 141 

1 • 400 

1 

11 

10 

•128 

1 • 6.80 

0 

• 144 

1 • 848 

8 

- 160 

2 0t6 

xk 

11 

9 

•144 

2-464 

8 

• 160 

2-632 

7 

- 1 7C> 

2 • 800 

n 

11 

A 

•160 

3- 136 

7 

• 176 

3-472 

6 

• 1 9-2 

3-808 


11 

8 

•160 

3 ■ 463 

7 

• 1 76 

3 • 804 

6 

■ !92 

4-145 

2 

11 

8 

•160 

3-71U 

7 

•176 

4- 137 

6 

• 192 

4-483 

2i 

ll 

7 

•176 

5-331 

6 

• 102 

5-846 

5 

•212 

6-350 

3 

11 

7 

•176 

6-350 

6 

• 192 

6-936 


■ *2 1 "2 

7 -.563 

3i 

11 

7 

•176 

7 ■ 303 

6 

• 192 

8 • 020 

5 

• 21 2 

8 *73*2 

4 


7 

•176 

8-047 

6 

• 1 92 

8-767 

5 

•212 

9 • 488 


A Dictionary of Technical Tcr^ns used in Metals and Metal Manufactures appears at the 

end of the Self-Educator. 
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Consignments Inward and Outward. Mutual IndebtednesMif Countries. 
The Par and Course of Exchange. Gold Movements. The Bill Market. 


FOREIGN BILLS AND EXCHANGES 


I T is now more than ten years since the atten- 
tion of the people in the United Kingdom 
was j)articularly draw'ii to the whole question 
of our trade with foreign countries. This is not 
the place in which to (writer into a discussi(m 
of the merits of the two fiscal systems Avhich 
for sortKi time were argued by leading men on 
both sides, but if the raising of the subject 
has had the etfect of making our manufacturers 
and merchants alive to some of the defects in 
their methods of conducting their foreign Irade, 
undoubttxlly a. very useful purpose will have 
been accomplished. 

Imports and Exports. The importance 
of the subject is not likely to be uiuhu'-estimated, 
but it may bt^ mentioned that in- our 

foreign trade amounted to £1,294,000,000, of 
which £709,000,000 rejircsented imports and 
£525,000,000 exj^orts. The difforonco in value 
between the imports and exports is known as 
the balance of trade, and it was formerly held 
that in order that a country should be in a 
prosperous condition the exports should always 
exeei'd the imports. This idea no longer holds 
the field in its original shape, attention being 
now directed more to the nature of the articles 
making iq) the total than to the totals them- 
selves — i.e.f whether they consist of raw or 
manufactured goods. (Jousidcrations of space 
forbid a lengthy explanation of the methods of 
conducting the foreign trade of the country 
generally, and our purpose liero is to deal with 
the matter from the view of accounts. 

There are three principal methods of selling 
goods — viz.^ direct, at auction, and on com- 
mission. The method with which we shall now 
deal is the' one last mentioned, sincjc the first 
has already been the subject of our various 
examples hitherto, and the second is really 
covered by the others. Most of the goods ex- 
ported by our merchants are in execution of 
orders received from abroad — i.e.y they arc sold 
before they leave this country ; but other trans- 
actions are entered into where no sale has 
taken place before the goods are exported, and 
whore the object in sending thorn is to endeavour 
to find a buyer in the place to which they are 
sent. The goods are despatched to an agent in 
t he town or count ry in which the merchant hopes 
to find a market for them, arrangements having 
first been made with the agent as to the terms 
upon which he will act. These terms are genor- 
all V reimbursement of his out-of-pocket expenses, 
and a_ commission by way of a percentage upon 
the selling price of the goods. 

Consignments Outward. The goods 
*sent out by a.mejchant in this manner are termed 
in his books a consignment outwardy while the 


same goods are referred to in the books of 
the agent who receives them a consignment 
inward. The merchant, who is known as the 
consignoTy keeps an account in his books of the 
cost of the consignment, both as regards the 
price of the goods and the expenses incurred. 
He doc^s this because ho desires to know the 
outcome of each consignment, whether it results 
in a profit or a loss, so that he can form an 
opinion whether it would bo advisable to send 
further consignments to the same placid or to the 
same agent. ^Vhen a largo consignment business 
is done a special book is kept in which to record 
all goods sent out gn this way. The book is 
Ireatedin the same manner as a sak^s book, the 
entries in it being posted periodically to tlie 
ItMfgcr. When tliero is only an occasional trans- 
action of the kind the entry can be passed 
through the journal, d ^biting the consignment 
account and crediting goods account. 

Consignment Accounts. A ledger 
account is required for each consignmimt, to 
record the separate results ad well as tlie net result 
of tho whole. The oonsighinents are, therefore, 
numbered or given distinguishing titles according 
to either tho place to which they are s(mt or the 
consignee’s name. If accounts of consignments 
outward are distinguished by the nam(‘s of the 
consignees it must be borne in mind that they 
are merely subsidiary goods accounts and not 
personal accounts upon which the consignees are 
liable. The first entry on the account is on tho 
debit side, and consists of tho price of tho goods. 
As payments are made in connection with the 
consignment, tho account is debited and cash 
credited. Any liability incurred in connection 
with it is debited to the account and credited 
to the person or firm to whom the amount of 
the liability is due. 

A pro forma invoice is made out and sent Ut 
the agent, with instructions as to the minimum 
pri(^e at which he is to sell. If he is successful 
in his efforts and dispo.se8 of the consignment, 
he prepares and forwards to the consignor a 
statement called an Account Sales, This shows 
the gross amount realised, details of his expenses 
and commission, and the net amount due to tho 
consignor. This amount he remits to him in tho 
manner dealt with later. 

The consignor enters the amount of tho net 
proceeds as shown by the account sales on the 
credit side of the consignment account, the 
balance on which will then represent his profit 
or loss on the venture. The reason for this is 
that tho total co.st, both in goods and expenses 
will appear on the debit side, and the net amount 
reali.sed on the other. The difference is, naturally, 
the gain or loss. 
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The consignee terms the goods a consignment 
inward. If ho acts oh agent for a number of 
merchants, or has many consignments from 
one merchant, ho keeps a special book in whicl\ 
ho records^ particulars of all goods sej received. 
This record will ufaiallv bo nien‘ly a nKMiioraii- 
diim, and no entry will bo made in a lM>ok of 
account upon tho receipt of tlu' consignment. 
Thf^ reason for this is'that the goods do not, on tho 
one hand, belong to tho consignee, and therefore 
cannot be debited to the goods account ; wliile. on 
tho other, th(^ consignor is not his credit or for tlif> 
valiio of tho goods, since the consignee has not 
bought them and is not liable for tlu^ price. 
He is only responsiblo for th(‘ir safe custody 
and for tho proceeds if ho etfocts a sale. If ho 
is not succossful in this hc! can return the goods. 
Ah a rule, then, no account is opened by a con- 
signee when he receives goods on consignment, 
but as soon as he pays anything or incurs any 
liability in respect of it ho records tho fa(?t 
in his account books. He does this by opening 
an account in his ledger in the name of tho con- 
signor (not a consignment account, but a per- 
sonal account), and debits the amount paid or 
*1110 liability incurred. The re<ason for this is that 
the amount is due from a definite person, and 
he naturally debits that ptTson and not an 
impersonal account. At tho same time, he 
credits cash or the person to whom the amount 
is due. 

t When a sale is effected tho consignee debits 
tht? person to wliom the goods have been sold 
and credits the consignbri bcjcause tlui amount 
then becomes due to tho latter, subject to tho 
payments or charges whic^h may have been 
incurred on his account. Tho consignee then cal- 
eulatos his commission and dchiU the amount 
to the consignor, who, of course, is liable to pay 
it- The balance on the consignor’s account 
will then represent the amount due to him, since 
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he has been debited on one side with all pay- 
ments iiiade or exfxuises incurred on his behalf 
and with the' agreed commission, while In^ lias 
been en'dited. on tlie other side, with tlie gross 
proceeds of tho goods. * The consignee then 
remits the balama^ due, usually by a bill of 
exchange, and the method by winch In? d(M‘s 
so IS t‘xplain(‘d la.ter. When the purcliaser of 
the goods pays for them, easli is, of course, 
debited and th(‘ payer credited. This will elost^ 
t he transact io!i in the consignee’s books. 

Knr the jnirposc of making the course and 
result of the opiT.itions clear to tlu* mind of 
llic stud(‘nt,!i scri(‘s of trans ictions will lie dealt 
witli and the halgiT accounts shown in the 
hooks of both the consignor and the i-onsignee. 

. Brown, of Loiidiin. ships to J. Bonhouime, 
of Bordeaux, ten hak^s of 40()‘ yards each of 
cotton goods at Sd. per yd. and *]>ays £10 for 
freight, £2 13s. 4d. for insurance, and £(> fis. .‘kl 
for cartage and miscellaneous charges. Bon- 
honime receiv(“s the goods, and pav's £.3 for 
storage, £1 for insurance, £10 for (!ustoius dutii'S 
and landing charges, and £3 for miscellanfanis 
exp<‘ns'‘.s. He selJs four hales at Is. fx*r yd., 
and tlu‘ other six at Is. O.Jd. ])er yd. Ifis 
commission is per cent, on the ])ri>cceds. 
Bonliommo’s piyments ami transactions, taking 
place in Bordeaux, will naturally he in Krt*nch 
(Uirrency, but for tlie sake of simplicity tluy 
are giv(*n in the accounts in sterling. 

Tliey are, however, for the guidane(» of the 
student shown in the account sales on thi^ next 
page in French (*urrcncy just as they would 
appear in tln^ st atianeut as n‘nd(‘red by Bon» 
homme. Jt will be ribsi'rved that the iialance 
shown by account sales to be duo to W. Brow'n 
is stated therein both in French currency and in 
its British equivalent. 

The following are the aecoimts as llicy woulil 
appear in tlu* two l(*dg(‘rs. 
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C()riKi<4niiiont to J. H(>nlu)imn(', 

(?r. 

j yoo 
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» 2 

Sept. 30 
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„ Not Profit transferred to 
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ry 3 

2 J.} 4 
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,1 
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By K. Martini, 4 baks^a') N. 
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0 
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0 

0 
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3 

0 
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6 

2 
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Foreign Exchanges. Hio words re- 
lating to the payment of the balance due to the 
•consignor, os shown on the account sales, brings 
us to the general question of the foreign ex- 
changes. Tile consignee, being a Frenchman, 
naturally keeps his books in the currency of 
his own country, and renders accounts to his 
English consignor in the same way, merely 
remitting the ultimate balance due in English 
money. We have now to inquire how he does 
this, and how he arrives at £182 17s. 6d. as being 
-a fair equivalent of 4,608 fr. 45 c. Ho could, 
no doubt, have purchased English gold and 
silver coins to the amount he has to i*emit, but 
<ibviously this would bo a clumsy and costly 
method of discharging the liability, and is no 
more adopted in practice between foreign 
countries and England than it is lietween two 
towns in the same country. 

The remittance, as stated in the account sales, 
is made by a bill of exchange, and the bill is ob- 
tained by the consigncjo finding somebody in Bor- 
deaux w'ho has a debt due to him from a person 
in England and purchasing the right to receive 
payment of such debt. I^et us take a simple illus- 


tration to SCO how thi.^ is Inought about, and how 
the indebtedru-ss of two jiersons to two others, 
on fKirhaps many transactions, can lie settled 
by one paynumt. A in Bordeaux buys goods 
from B in London, while 0 in London buys goods 
from D in Bordeaux, Wo will assume that 
the amount is the same in loth cases. D draws 
a bill upon C for the amount the latter owes 
him. A becomes aware of this and buys the 
bill from D for its fair equivalent in French 
money. Having obtained the bill he sends 
it to B in London, who presents it to C, and in 
due course receives payment from him. 

Par of Exchange. Wo now come to 
the question of what is a fair amount in French 
money to pay for a given amount of English 
money. To obtain the answer we must know 
the state of the currency of each country, what 
% its standard coin and of what metal it is 
comiK>sed. In England, of course, the standard 
coin is the gold sovereign. It contains a certain 
quantity of alloy for hardening purposes, the 
proportion of pure gold in the sovereign being 
eleven parts in twelve. In France the standard 
coin is the franc,* but as this is a silver coin the 
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value of French money os compared 
English is measured by the 20-franc piece, 
which is of gold. The hnonessof this coin — t.c., 
the projxjrtion of pure gold in it, is jiine parts 
out of ten. There is thus a small difference in 
favour of the English currency in the proportion 
of pure gold in the coins of the two countries ; 
and although it is trifling in one coin it becomes 
of great importance when It^rge amounts are 
involved, and has to be taken into account 
when stating the quantity of French coins 
which are required to make up the value of the 
English sovereign. 

A further point which has to be taken into 
consideration in fixing the relative values is 
the difference in the weight of the sovereign 
and of the 20 - franc piece. The sovereign 
weighs 123*27 gr.,. the 20-franc piece 99*56 gr. 
Obviously, then, we shall require more than 
20 francs for one soveniign, and after taking 
both weight and fineness into consideration, 
it is found that the English pound is equal 
to 25*2215 francs, or, roughly, 25fr..22c. This 
is kno^vn as the par of exchange between Franco 
and England, and is tlie basis upon which 


settlements of account l)otwoen the two countries 
take place. 

But although it is the basis, there are many 
considerations which help to raise or lower 
the rate. Owing to the very considerable trade 
between England and France, there iltre always 
thousands of debts outstanding between tno 
traders in the two countries which have to bo 
settled in some way. This mutual indebtedness 
is made the means of satisfying the claims on 
both sides without any coin passing to and froj 
Of course, it happens that gold is imported* 
from or exported to France as well as other 
countries, but the quantity bears no relation 
tef the volume of trade between those countries 
and England. There being, thus, many people 
in England indebted to others in IVance, while 
there are people in France indebted to others 
in England, it is clear that if a transfer of the 
debts could be arranged so that the English 
debtors could pay the English creditors, while 
the French liabilities were discharged in a 
similar manner, an immense saving of trouble 
and expense would be brought about, while the 
claims on both sides would be satisfied. Thi»* 
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15 

667 
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^ordeaux, 1st Septiunbor, 1905 
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Jean Botihommo 
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Bill at ,‘l inontlw horowitli (a) 25.20 = £1,32 17 6 










IS, in effect, exactly wliat takes place, and 
the means by which it is ’effo(Hed are bUla o! 
exchange. [See page 988. j 

Foreign Bills. For practical purposes 
foreign bills of exchange are treated as a com- 
modity, and there is a regular market in them 
as in other articles of commerce. The dealers 
in this market are known as hill brokers, and 
they make it their business to buy and sell 
bills drawn on j^ersons in this country by creditors 
in other countries, and vice versa. If, therefoie, 
a person in London desires to satisfy a debt to 
another in Paris or Berlin, he approaches a bill 
broker and ascertains the price he will have to 
pay for a bill for the amount he requires. The 
principal bill brokers, bankers, and merchants 
meet twice a week at the Royal Exchange and 
tix the rates for bills on the various countries. 
The basis of the rate is, as stated above, the par 
of exchange ; but there are many causes operat- 
ing to affect the market rate. The principal 
of these is the condition of trade between the 
two countries. If there is, on balance, a con- 
siderable indebtedness from England to another 
country, there will necessarily be a strong 
demand in London for bills payable in that 
country, and the prices of bills of exchange, 
like those of other commodities, are affected 
by the laws of supply and demand. The result 
will bo that the English trader will have to 
pay a premium for the bill he requires, but the 
I premium will be stated in sufeh a way a.s 
somewhat to confuse the student in the ab^nce 
ot explanation. 

The par of exchange between London and 
Paris is, as stated above, 26 fr. 22 c. for £1. The 
I’ate is said to be above par in London when 
the exchange is quoted below 25*22, the reas^^n 
being that in exchange for a sovereign it will bo 
]}os8iblo to obtain only, say, 25 fr. 15c., and thus, 
to discharge an indebtedness in French money 
a higher price than the actual mint value will 
have to be paid in Englisli currency. 

Gold Points. But there are certain points 
aliove or below which the rates with other 
countries do not rise or fall. These are known 
as the gold points, and indicate the rates at 
which it would be more, profitable to import or 
export golijt coin or bullion to discharge debte 
rather than buy bills at prices outside those 
limits. The gold points depend upon the cost 
ct transmitting the gold, plus insurance and 
other expenses, and the margin, therefore, 
varies according to distance and other circum- 
stances. In the case of London and Paris, the 
point at which it would pay to export gold to 
hVance is 25*12^ — t.e., if it were found that the 
rice of bills was 25 fr. 10 c. a merchant could send 
ullion cheaper than he could obtain bills. The 
im^rting point is 25 fr. 33 c., so that a merchant 
in Paris would send gold to England if bills on 
London were above that rate. Although these 
are theoretically the points of gold movements, 
it might not follow that gold would bo trans- 
ferred if the rates of exchange exceeded these 
limits, for the cost of transmission fluctuates 
slightly, and might do so sufficiently to prevent 
shipment. 
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Foreign Bill Procedure. The pro- 
cedure with regard to foreign bills of exchange 
differs from that in the case of inland bills. The 
form of the bill is different, and, as a rule, the 
wording is as follow'S : 

London, 1st July, 1906. 
Exchange for Fes. 7,550. 

At three months after sight of this 
first of exchange (second and third 
unpaid) pay to the order of M. 
Jules Perier seven thousand five 
hundred and fifty francs and place 
same to our account as advised. 

Williams, Jenkins & Co. 

M. F. Chardenal, Marseilles. 

Foreign bills are/lrawn in the currency of the 
country of the drawee, and are prepared in s(‘ts 
of three. The three parts are in identical ttirrns, 
except that each is expre.ss(^d to b<^ payable 
only in the event of the othi‘r.s being unpaid. 
The chief reason for drawing the bills in sots 
was originally with a view to their reaching 
their destination safely, and that is one reason 
why they are still so drawn. Another reason is 
the facility which the method affords for negoti- 
ating the bill. The <lrawor, a nuin^hant carrying 
on business, say, in Bombay, draw.s on his debtor 
in London, and sends over two ])art8 of the bill for 
acceptance by diffen'ut mails, lie keeps the third, 
and if he tinds subsequently that it would be of 
advantage to him to hav(^ cash immediately, 
he takes the bill to his bank(‘r, and discounts it 
with him, endorsing it in the usual way. The 
banker then sends the endorsi^d part, which, of 
course, lias not been acccqiicd, to his agent in 
London, who obtains one of the other parts from 
the drawee duly accepted. The accepted and 
endorsed pcart-s then form a eornpleti^ bill, and 
will be colliMdod when due. The drawee must bo 
careful not to ivcccpt more than one part, for if 
he should do so, and both acee]>tcd parts got into 
the hands of liolders for vnlue, ho would bO 
liable to 2)ay both. 

Frequently when a creditor in one country 
draws on his d(*btor in another, he st'lls tJie bill 
as soon as it is drawn, and the name then inserted 
in th(? body of the bill as tin.* paytu'! is that of the 
person who buys it — generally a banker or bill 
broker. It will be perceived from this tliat foreign 
bills are .sold or discounted by the drawers before 
they have been accepted. This is what a<?tually 
takes ])lace in many easels, and bills frequently 
pass through several hands before tliey are 
presonUid to the drawee for acceptance. 

Acceptance for Honour. In order to 
guard against the risk of the drawee refusing to 
accept the bill when it is presented to him for 
that purpose, thi? drawer or any subsequent holder 
may write on the bill, “ In case of need with*" 
Blank & Oo.” This means that in case of the 
bill being dishonoured owing to its not being 
accepUd by the drawee, the firm named will 
accept the bill to protect the honour of the drawer 
or subsequent holder as the case may be. Before 
they will do so, however, a ferhi has to be gone 
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through, known as jfrofesfinrj the hilL This con- 
sists in the bill being formally presented for 
acceptance by an offi(!(*r known as a NoUiry 
Public, who afterwards makes a dechiration in 
a 8tat(‘d form tliat le^ has done so. When a bill 
is accepted in this way it is known as i\,Ti accept- 
aru'e for h<tnour. 

'Phe, bank(*r, or bill broker, who buys a bill 
from tlio drawer treats it as part of his stock- 
in-trade, and either holds it until maturity, 
or sells it before it is due. to somebody who 
wish(‘s to pay money in the [>lMce where tlie bill 
is ])a_y able*. 

Payable After Sight, It will be ohserved 
that the bill set out on hist page directs pay- 
nu^nt three memths nfler svfht. Tnis means that 
the time mentioned in the bill will not begin 
to run until it has b(‘en aocejiU^d or sighted by 
the draw'(‘e. Foreign bills are frequently drawn 
aft(*r sight rather than aftcT date, owing to the 
time which (‘lapses before the drawee receiv(5s 
them for aecuiptance. When this is the easii the 
bill is presented for acceptance as soon as possibki 
aft(‘r it is drawn, and the date it is accepted is 
inc'uded in the form of acceptance. 

To return to the transaction out- of which this 
sliort explanation of the principles of foreign 
exchanges and hills aro.se. We know that the 
course M. Bonhomm(^ would take would be to 


a foreign country will frequently receive the 
invoices of the goods they buy made out in 
the currency of the country. Tlv^ indebted- 
ness will, of course, have to be discharged to the 
full amount of the invoices. When invoices are 
received in this form it is necessaiy for the 
English house to keep the account with the 
foreign merchant in both st erling and the foreign 
curremey, the fornuu’ in order to bring the trans- 
actions into line with the othef accounts of the 
business, the latter to know exactly how they 
stand with tlie creditor. Tlie method adopted is 
to fix a rate of exchange at which all invoices 
received are convert(*d into sterling, the amounts 
btung shown side by side in the ledger iiecounts. 
When remittances are made, drafts in the foreign 
currency are purchased at the rate of exchange 
of the day, and the cost in sterling and the amount 
of tlie draft an* ('ntered side by side* on the debit 
.side of thi* acu'ount. Finally, a draft is remitted 
for the diffcreiic(‘ sliown by the currency columns, 
which will then (*xactly balance. This result will, 
how'ovcr, pi'obably not be obtained in the 
sterling (tolumns, owing to the varying rates at 
which the drafts have been ])urchased. The 
difference on this (column is treated as a profit 
or loss on excliangtn and is carried away to the 
profit and Icsss account. Tlui account given on 
this pag(? shows the working of this method. 


Dr. 
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buy from his banker in Bordeaux a bill on London 
for the amount he has to remit, the ])ru;(i being 
ealculabKl at the rate of the day. Having ob- 
taintd it, he sends it to Mr. Brown, who will 
probably first have to obtain acceptance of it, 
and then either hold it till it matures or else at 
once discount it. 

BanK Drafts. Another method of making 
remittances abroad is to purchase a bank draft, 
vvhi(5h is an order by a bjinker upon an agent 
or a branch for the payment of a stated sum of 
money to the person named in the draft. The 
drafts can be made payable either at once or at 
a future time, but in practice they are nearly 
always sight drafts — t.c., payable at sight or 
on demaiKl in just the same way as a cheque. 
They are largely used when remittances of cash 
have to be made between countries. 

English liouses whicli are doing a large 
business with a manufacturer or merchant in 


The fixed rate adopUid in this instance tor 
converting the dollar into English money is r>Od, 
per dollar, and the invoices are posted in both 
cunencies, as shown above. Remittances of bank 
drafts on Baltimore were made on January 8th 
and 3 1st, and on February 28th, the drafts being 
purchased at different rates, as quoted in the 
account. After making these remittances, there 
was a balance of 257 dollars due to tlK5 American 
firm, the cost of a draft for which was £53 4s. 2d. 
J'he invoices having been converted at a different 
rate from those at which the drafts were pur- 
chased, there is naturally a difference between 
the sterling columns. This, as stated above, is 
transferred to the profit and loss account, and if 
there are many accounts with such differences on 
them, a special exchange account is opened, 
and the balance thereof transferred to the profit 
and loss account at tho periodical balancing of 
the books. 

J. F. G. PRICK 


A Speeial Dictionary explaining Commcreial Terms and Phrasea appears at the ead 

of the Self-Edoeator 
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Products of Compound and Simple Expressions, and Compound Expres- 
sions with each other. Homogeneous Expressions. Squares and Cubes. 


ALGEBRAIC MULTIPLICATION 


PRODUCT OF A COMPOUND AND 
A SIMPLE EXPRESSION 

26. Wo must first ])rovo (h \- •) x a -- ha 

ra^ whetlior a ho a po.sitivo integer, or a 
fraction, or negative. 

(i.) If (I he. a po.sitive integer 

'riieii, by definition, 

(h + r) X a — (/> I- «■) 4 (/> 1 /’) -I- (/> ^ r) 4* . . . . 
taken a times, 

= h -} h -f h . taken a times, 

4- r f e <• -H . . . . taken a times, 
ha -}- nf. 

(ii.) KSinco division is the inverse •»f multipli- 
cation, it follows from (i.) that to divide (b 4- r), 
troate<l as a whole, by a positive integer, gives 
t he same result as <lividing h and <• 8e|wrately by 
that integer. 

riioreforo, if n is a positive fraction, equal, stiy, 

to we have 

n. 

(6 4- <•) X a - (/> 4- <•) X , 
n 

UiJf h I/O' p /• \ 

, from (n), 
a 

ad) i)u‘ . , T • 1. 

i' " since the division of 
{inh + wc) by n may be 
performed on mb and 
mr separately, 

a. ih 

= /;a -f ra. 

(iii.) If a be negative, equal, say, to~m. 

'I’lien, by detiiiition, to multiply (ft t-r) by a 
we must do to (b 4' r) wlmt we <lo to 1 to obtain 
— m; i.fi., (6-t-c) must be subtracted m times, 
'rhup, 

(fo 4- r) X a — — (/# 4 r) - (/> (•) - (b \ , 

m times, 

—b - }) > b — . . . m time.s, 
r — c — . . . w times, 

= -hm-cm, 

— X ( - w) 4- c X ( - m), 

— b(( 4 ca. 

These results are evidently independent of 
fclie values of b and c. 

Hence, for all values of a, b, and r, we know that 
{b 4- c) a — Ihi 4- ca. 

26 Since the result is true for all values of 
o, h, r, it will be true when p + (£. 

Tlierefore, 

(p -h 7 4 c) (I — {p 4 q) a 4 ea, 

— 2^^ 4 qa 4 ca. 

Proceeding in this way, we find that 
(/? 4- 7 4 r 4 4 . . . . ) a = 4 7<x 4 ra 4 

4 .... is true, however many terms there may 
be in the expression yj 4 7 4 r 4 a 4 . . . . 


Put, it is clear that any compound cxjircssion 
can be written in the form p 4 7 4 r 4 s 4 . . . . 
F<)1‘ i*xamplt‘, the expre.ssioii 

0 . 1 ^ — .‘Lr- -:- y 4 (rj 

ill which the h'rni'i are (i.) y, 

ami (iii.) tiv, be(‘t>mes p \ 7 4 r if we write p for 
7 for - ; I/, and r for f),". 

H (‘iKu.*, in ahlain the 2 ^rodiict a/ a Cinn^iaaait 
f'jyn'cssinn and a, simftlc e.cprc anion, \)'c, iabe the 
snm of the 2 >rodiirts fonned hy vndliplyiny tlo’ 
aeftaraic terma of the comptmnd t'.ffneasion. hy thr 
aimqtte e.Ji’preasi(nt . 

Kxanqile 1. Multiply a^->kt 4 - 2 by a^. 

We have 

a ^ X a * a '^ ' - — a * 

-* ki X 0 “ — — Ikf' = - ,‘k/'* 

2 X n- -- 2tt-, 

remembering to apply the law of signs to 
t‘ach product. 

The wliole process is performed mentally, ami 
all that need be written is 
. (o- - kt 4 2 ) a'^ — a!^ - kv^ 4 2 (f- . 1 w s. 

Kxample 2 . Multiply 2 .c“i/ 4 by 

- kky\ 

(2.i-.-\»/ I 747 ’*- ikr-V) ( -•y.V") 

— — — 21 . r-iyV. t .1 na. 

Kxainple 3. Simplify 

kt - 2 l2/> 4 :i (a - 2//) - 2 (h - <f,)J 
The given ex])resHion 

kt — 2 [ 2 t/ H kt - <i/> - 2h 4 2 (i], 

- l\a — 4h - (>« 4 126 ^ 46 — 4o, 

- 7a 4 126 A ns. 

Here, a number outside a braeki^t- means that, 
on removing the brackets, we must multiply 
every term lietweeii the brackets by tliiit 
number. Tlii‘ rest of the process is the .sjime 
H.s in Art. 20. 

PRODUCT OF TWO COMPOUND 
EXPRESSIONS 

27. Siq)j)o.se in Art. 26 that the value of a is 
(.C l 74 - I . . • . We shall now bo able to 
find the value of tlie product 

(p 4 7 4 r 4 . . . . ) X (.r 4 7 4 3 4 . . . . ). 
For, we have, 

(p 4 7 4 r 4 . . . . ) X (^c 4 7 + j:? 4 . . . . ) 

(P4 7 + . . . . ) a, 

~ p I. 4 qa 4 rti 4 • • . • , 

= p (;C 4 7 'k 2 ; 4 . • . . ) 

4 7 { x 4 1/4 4- . . . .) 

4 r (m! 4 '7 4 « 4 . . . . ) 4 . . . • ; 

- pc 4 P7 + p^ 4 . . . . 

4 qx 4 77 4 72f 4 . . . . 

4 rx + ry 4 I'z 4 . . 
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Hence, to obtain the 'product of tim compinuid 
expressions we take the sum of the products 
formed Inj multiphjinff evertj term of the one 
expression by every term of the other. 

Example 1. Multiply 3 jc + 4y by - .t + 2«/. 

The product H 

• (3.r 4- 4y) X ( - X 4- 2y), 

or, ns it is usuHlly written [Art. 2], 

(3.r 4 - 43 ^) ( - X 4 - 2y) 

- (3x)(-x) 4* (3x){2j/)-l-(4»/)( -x) (4{/)(2y), 

— - -\- (U'y — 4xy h 8y-, 

= -3.p‘^4- 4 Sy^ A n.s. 

'J’hi; work is generally arranged as follows, 

3a; 4-4}/ 

- x 4 - 2y 

- 3a*®- 4a;y 

^ 4- dxy 4 - B y® 

- 3a;® 4 2 x 0 4- 8//® A ns. 

Explanation. Write the multiplier under 
tlie iiiiiltiplicand. Multiply every toriii of the 
inultifdicand by the first term, — a?, of the 
miiltiplitu* as in Ex. 1. of Art. 26. Next, 
multiply every term of the multiplicand by the 
second term, 4 - 2y, of the multiplier, writing 
“like ” terms of the two pi*o<lucts in the same 
columns. Finally, add the two line.s, as in 
Ex. 1. Art. 15. 

28. When the multiplier and the multiplicand 
cf)nsist- of terms conbiining different powers of* 
some cunnmon letter, it will be found convenient 
to arrange the terms in the following way : 

In each expression put t he term which con- 
tains the highest, power of tliat letter first, the 
term which contains the next highest [iower 
next, and so on. ThLs is called arraugmy the 
■expression according to descending powers of that 
tetter. The expression 3a;’* - 2 4 - 4a;® — a* 4 - 5a:'*, 
when arranged according to descending powers of 
a*, becomes 5a;* 4 3a;‘* 4- 4a:‘- -x-2. In a similar 
way we may arrange an expression according to 
ascending ])owers of some particular let ter. For 
examj)le, if we arrange y* - a;*?/ 1 2xy^ -*5 
in ascending powers of ?/, we obtain 

- 5 - x^y -} 2a*(P/* -f- .y*. 

it should be remembered, however, that this 
rearrangement of the terms, before beginning 
the multiplication, is not absolutely necessary. 
The reason for doirig so is tluit it- skives some 
trouble in getting the like terms of the prcaluct 
into the proper columns. 

Example. Multi[)ly 3a:'*-a*y®4- 2y * — 4a; y by 
y® 4- X® - 2a*y. 

3a;® - 4x“y — a*//’® 4- 2y* 

a;®- 2a*// ■\ y® 

3ar’- 4.r*y - a;®y® 4 2xhp 

(>a;*y 4- 8a;‘*y® 4- 2a;®//* - 4a;y* 

3a;'*y® - 4a;®//* - a;y* 4- 2j/® 

3ar*- lOa;*// 4- lOarb/® ~ oxtA A im. 

Explanation. We have here arranged both 
expressiofis in descending powers of a*. Note 
that by so doing we have also an-anged them in 
ascending powers of y. We then work from 
loft to . right, multiplying first by x®, then by 

— 2afy, then by y®, finally combitiing the like 
.terms as in addition. 


DIMENSIONS OF EXPRESSIONS 

29 . When a simple expression consists of the 
firoduct of n letters, it is said to be of n 
dimensions, or, of the nth degree. Numerical 
factors do not affect the degree of an expression. 

1'hus, a®, that is aa, is of two dimensions, or 
of the second degrtje. 5a;®y- is of the fourth 
degree, since it consists of the product of four 
letters, xxyz. 

The degree of a compound ‘expression is the 
degree of the term of highest dimensions con- 
tained ill it . For example, 2(i®6 - 4ahc 4 - c® is of 
the fourth degree, since the term of highest 
tlimensions, 2rt®/>, is of the fourth degree. But, 
in speaking of the degree of an expre.^don, we 
s<>metimes t>iily take one ])artieulai* letter into 
account. 

Thus, 2a®/> - 4ahc 4- c® is of the third degree in 
a. It is of the first degree in b, and the second 
degree in r. 

An expression of the second degree is often 
called a gnudraiic expression. 

HOMOGENEOUS EXPRESSIONS 

30. A homogeneous expression is one in which 
all tlie terms are of the same dimensions. 

6.r~-3r'yv 4 - //V is a homogeneous expression 
of the seventh degree, since each term is <if the 
.seventh degree. 

We have seen in Art. 27 that any term in the 
product of two multinomials is obtaiiusl by 
multiplying a term of the one multinomial by a 
term of tlie other. It is clear, then, that if each 
of the multinomials is Iiomogeneous, their p^^^ 
duct will )>e homogeneous. For examjdo, if 
every term of the multiplier is of the second 
degree, and every term of the multiplicand is of 
the third degree, then every term of the ]>i*oduct 
will be of the fifth degree, since 2 4-3= 5. »See 
the Example in Art. 28 . Tf ev’ery t-erm in the 
jirodiict was not of the fifth degi*e^, then we 
should know there was a mist^e in our 
multiplication. 

PRODUCTS BY INSPECTION 

31. The student must learn to write down the 

])ro<luct of tw(», or of three, such factors as 
x-{- a, .»*, 5, a; 4- c, without going through the 

process explained in Art. 27 . 

If we do the actual multi pliciition we find that 
{x 4- a) (x 4- h) ~~ X® 4- ax 4- bx 4- ab, 
whicli may be written 

X® 4“ (a -f 5) X 4- ah. 

Tills result will be true whatever values a and 
b may have. A general result, such as the one 
just shown, is called a formula. 

Let us now give special values to a and b. 
8uppo.se a ~ 3 and b — -2. Then w*e have 
(x4-3) (x-2) = x®4'(3-2)x4-3(-2) 
r:-:X®-f X-O. 

Or, if a - -7 and 6 — 4, w e get 
(x - 7) (x 4) ~ X® 4- ( - 7 4- 4) X + 4 ( - 7l 

We see, then, that the product of two such 
binomials as x4-fi and x — 5 consists of throe 
terms, and that (i.) the first term is x® ; (ii.) the 
coefficient of x is the .mm, taken wdth their 
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iproper signs, of the second terms of the hi- 
•Sioinials ; (iii.) the third term is the prodiui of 
^the same two terms. 

In tlie i^imc way, by actual multiplicatHm» we 
•iind that the product of a? -j- a, x + 6, ami x e 
jis 

^ 4- (« 4- 6 4» c) 4- (6c 4- ca -h a6) x 4- «6r. 

( Hence we can at once write df»wii the product 
[of three such binomials as a; ^ - 2, a; - 1, a; 4* 4. 

I Thus, 

(ar 4 2) (a:- 1) (a: 4 - 4) 

= ar* 4- (2-14-4) a;'^ 

4- {2( - 1) 4 4 ( -1) 4- 2 . 4| a* 4 2 . 4 . ( -1) 

— a?* 4- 2a; - 8. 

After a little ])ractice, the second line of work 
can be performed mentally, so that we have 
nothing to write down but the actual result. 

SQUARE OF A MULTINOMIAL 

^ 82. Wo shall now show how the square of any 

]iiultinomial can be written down by inspection. 
k In the formula 

A (a; 4 a) (x 4 6 ) a;‘^ 4 («' 4 6 ) a; 4 a6, 

■ . if wo put 6 — ti, we obtain 

(x 4 a)'^ = a;- 4 2ax 4 a^. 

f That is, the ^piare of a binomial is equal to the 
^.Mfuare of the Jirst tentij 2 >lus the square of the 
fsecondy plus hr ire the ^product of the two terms. 

I Example 1. Write down the square of 2a 

} -:i6. 

' Here, we have 

\ ^ (2ay^ = 4a^ 

f (-36)‘-^- ■\ \)b\ 

, 2 (2a) (-36) - -12a6. 

all of which can be done mentally, so that, 

(2a - 36)- == 4a2 - 12a6 4 116=« A ns. 

In the formula {x 4 a)‘^ — x^ 4- 2ax 4 a\ 
supjiose a is :)qual to (*?/ 4 z). Then we liave 
(a: 4 4 z)'^ = x^ 4 2 (y 4 s) a; 4 (y 4 .':)- 
' = x^ 4 2a;// 4 2xz 4 4 4 2yz 

« or, rearranging the terms, 

— a;- 4 4 z^ 4 2yz 4 2zx -f- 2xy. 

Proceeding in the same way, we can obtain a 
, formula for the square of the sum of any 
Lnumber of quantities. Wo may express the 
Ihesult in words, thus, 

j The square of any multinomial is equal to the 
of the squares of each term of the multi- 
j^awmialj together with twice the jproduct of every 
^ 'pair of terms. 

Example 2. Square a 4 26 - 3c. 

(a 4 26 - 3c)3 = a« 4 46‘^ 4- 9c^ - 126c - 6ca 
’ 4 "4a6 Ans. 

Note that, whatever signs the terms of the 
given expression may have, the “square” terms 
of the result must, by tlie rule of signs, always 
be r>ositive. We do not, therefore, liave to 
trouole about the si^ns of the result until wo 
epme to the part which consists of “twice the 
product of every pair of terms.” 

After writing down the square of a multi- 
nomial, wo must, if there are any like terms, 
collect them accordin^to the ordinary rules. 
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Example 3. Find the value of (ar* — x^ 4 x 
-ly^. 

The required value 

4- x^ 4 X- 4- l 

- 2.r> } 2.r^ - 2x^ - 2.r’' 4 2.r2 - 2x 

— r’' - 2r' 4- 3^;^ - 4r‘ 4 3j;“ - 2r 4 1 A us. 

Note. To make sure that we take e/vo // pair 
of terms, it is best to takt; “twice'the product 
of every term into every term which folUurs it."' 

CUBE OF A BINOMIAL 

33. The studcMit should also remember t!ie 
cube of a binomial. We can i>btain it from the 
formula 

{x a) (x 4 6) {x 1 e) -= x^ 4 {a 4 6 4 - c) 4- 
4 {be I ra 4 oh) x 4 abc by jmtting 6 ami c each 
equal to a. Thus, 

(x 4 «)^ — 4‘ 4 (a 4 a 4 a) 4- 4 {aa 4 4 aa) 

X 4- ana 

4* 4 3a4'^ 4 •^'^x 4 a *. 

Example. Write down the value of (26-l)-‘. 

Here, the x of the formula becomes 26, and 
the a becomes - 1. Therefore, 

(26- 1V‘ - (26)' 4 3 ( - 1) (26)-' 1 - 3 ( - 1)-' (26) 
4(-l)'' 

-86' -126- 4 06- I Ans. 

The working should, of course, he ]H;rformed 
mentally, nothing hut the result being wTitten 
down. 

34. Before leaving multi jilieation, there is one 
other imporUint result to be obt-;iiued from the 
formula 

(j; 4 rt) (j; 4 6) — 4- I' (a -I 6) x 4 ab. 

Suppose 6 — - a. Then wi‘ get 

{x 4 a) (.r - a) — 4- I- (a - a) x 4 a ( - a) 

— X- - (l^. 

Hence, the product of the sum and difference- 
of two quantities is Ihe difference of their squares. 

• EXAMPLES 5 

Multiply 

1. xA-xy f- 3//- by 3 x 7 /. 

2. x' — //’* 4 1 liy - 4.17/. 

3. a-//- - nbx* H aez^ - 2bcyz 4 2c .ry by 

- fpabrxyz. 

4. X- - xy 4 y- by x 4 y. 

5. 4 - 4 xy 4 y- by x - y. 

6. X’ 4 ax — a- by x^ - ax 4 

7. 4' - 2x 4 3 by X - 1. 

8. 4' 4- «x- -bx-c by x- - ax 4 6. 

9. 3x‘“y - x^ 4 2if by y^ — 4' 4 xy. 

10. a- - a6 - ac 4 6‘^ - he 4 by a 4 6 4 c. 

Psiug the result of Art. 34 find the continued 
product of 

11. 1 - X, 1 4- X, 1 4 X-. 

12. X- 4 xy 4 1 /, x^ - xy 4 y\ x* - xff- 4 //. 
Simplify 

13. (a 4 6 4 c) (6 4 c - a) (c 4 a - 6) (a 4 6 - c). 

14. (x-y)2 4 (y-2:)2 4 {z- xf^. 

16. (x4 2) (x4 3) (x 4- 4) (x4 5). 

16. 4V(/4-q2)^pY(^2^y2) • • , • 

4 p‘-y2 Iq^ -x^) + (/V (?/2 - , 

17. 9(x-3)(x4 3)4 2[(x-2)2. 

- {2 (X - 4) (x 4 5) 4-3 *(x - 1)‘^}1. 
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Find the fvllowinj^ sq naves 


18. (.r-dv 4- 4:)-. 

19. ‘2r/ 1 r>)“. 

Kiiul tlio (jutio of 

22. - y. 

23. J-4^/. 


20. {a + ?v-c«d)2. 

21. {n hy-{a-'h)K 


24. x i if I- 2. 

25. X - // ' 2. 


DIVISION 

35. Division is (he invo^sl^ of mull iplicatioii. 
When we divider (> hy 2, we iiml the <jUJin(ity }»y 
Avhich 2 must he multiplied in order to pj oduee 
(i. Similarly, wdieii we <livide <i hy h, w(‘ timl 
the quantity hy which h must he mullipll(‘d lo 
produce a. 

Now, in Art. 22, we saw that successive 
multiplications can he done in any order. 
'I'herefoie, successive divisions can he d<»ne in 
any order. Hence, a succession of multiplica- 
tions and divisions can he done in any ordcu*. 
For examjde, if we multiply a hy h, and divide 
lhepro<iuct t)y r, we i>htain (he same result as 
if \vi) divide a hy r and miiltijdy the qimtient 
hy h. 

36. In Art. 21 we saw that 

(i.) ( 1 <0 x ( + h) 1- ab, 

4’heref<»re I 

( 1 ((It) (to) -I- h. 9 

(ii.) ( I- u) X { b) - ah. 

I’lierefc »re 

(-a/d-:- ( -1 o) --6, 

•tnd 

(- h)~-^ f- a. 

(iii.) ( - a) X { - h) I- ah. 

Therefore 

( -I ah) ( - a) - - h. 

On examining the.se r(‘sulls w(* see t hat, just 
as in the cas<^ of multi])lica( ion, ‘‘like signs 
give -\‘ , unlike signs give -- .” Thus, fhv 
Laic (if Si(fn.s is ihf' .s(n/(c f<ir dic^uft as for 
inidfipl icdllon 

37. In Art. 23 we showed that (C^ x (d - a/. 
If, then, we divide by a^\ we obtain a* 
(pndieiit. 

"riiat is, 

o" -i- •- a* - a"* 

'i'h'iirefore, 'irhni pdino' of a hdtfc is 

diriilcd hy avoifao' poicer tf the stcine /c/tcr, th*' 
Index of the qindient is found hy sidd raefiuy the 
index of the dicinor fivni the Index of the 
d I ruhoid. 

38. We are now able, by using these results, 
to divide one simple expression by another. 

Example 1. Divide Kar’jd by 7xi/. 

14rh/‘-i- (.14 7) x ad x ( jd i/) 

by Art. 35. 

— 2 X X y* by Art.” 37. 

As ill multiplication, it is clear that we can 
write tlown the result at once, the steps shown 
above being done mentally. Wo (i.) write 


down the sign of the quotient, (ii.) divide ill 
numerical coefficient of the dividend by that ( 
tlie divisor, (iii.) write down oach letter thfi 
occurs; the index of its power being ^ found b 
subtracting the index of that letter in th 
<iivisor from the index of the same letter in th 
dividend. 

Example 2. Divide — 15o“6VM>y 

— - 4 - — — thch-e A ns. 


Here W(^ have “ unlike signs give - Tlu 
ir» f- 'A - o. Next, a' -4- a* -- a;\ and so on. 

39. It should be noticed tliat when a pow< 
of a letter is divided by tlie same pow er of tie 
letter, onr rule gives us 0 for the index of tl 
qilotiiUlt. 

'riius, 

-i- — :r‘ ^ — xP. 

But it is evidimt tliat a;'* -4- a*‘* is 1. Heuee, 
(plant ily wlmse index is zero i.s equal to 1. 

Answers to Algebra * 

Examples 3 

1. 2a-[/> - {a - 26 - (i\\ -- ‘2:i - [6 i- 2h \ ■= 

— .*»/> dw.s-. 

2. Ax-\} - (:kr Pi' ar -f- Ijl - - 

= Ax-\- 1 .las. 

3. a i- 6 — I c i (I H* 26 - a - c) — u -} 6 

- 26 ... a - h i 2c A ns. 

4. -p 1 + i-| _o_;;| 

--- 0 da.v. 

5. .r* - a: -! .r- -! ar - 1 - [ d p .r* P 

H a:- ‘ I] .T‘* -P Ax'’ l.r-- I A~x^-Ax‘- 
-1:^: I A ns. 


6. Jo* - :jf/ - J2 - Jo; ' \y i- {2 -p a; = a; - 
A ns. 

Ex AM PI. KS 4 


1. 

2H'i‘. 


7. 

nh~cxy. 

2. 

12r‘. 


8. 

- 2(>.ra‘. 

3. 

- 2.r'-//*. 


9. 

~ i^Oa-h^c*. 

4. 

— iittyhcK 


10. 

— {y(Ah'^C“xK 

5. 

44u’“6c. 


11. 


6. 

— 2(i^’h‘cK 


12. 

— 4Sah~chc’!f'^^* 

13. 

2a.ryi ~ 2 . 

(-1). 

4 . A , 

. ~ —24 A as. 

14. 

oa d/ ’^ -- 5 . 

1 . 27 - 

^ 135 

A ns. 

15. 

Axaj + 4?/’r. 

: - r>a» 

- 

18 4 - 0 -p 5 - 


A us. 


16. (2.r P Ai/Y~A (d^ p 2d (-4 -P «.l)' 

(1 1 0) - ■ *25 - :{ 22 yln.'L 

17. 2aa* - - 4x^2 - a‘^} ~ 4 — {liG ~ 0 

™ - .‘U yJ a.s. 

♦18 y(kixY - = V-' 

— 2-. 3 — 12 A ns. 


19. 


n /a^+ xy 

V -55i'- 


= »/!-« 
V -40 


= «//- = > 


Am. 



20. -i- \J\2a^x^iJ^ = /^144 \J\ 

^ 12 - 4 - (i = 2 A ns. 


HERBERT J. ALLFOl 
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